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Executive Summary
The present case study investigates the actual and potential market for climate services in the electricity
subsector of the critical energy infrastructure sector in Germany. Critical energy infrastructures in general,
and electricity infrastructures in particular, are of pivotal importance for almost all parts of society. They
carry the energy that keeps an economy moving and our societies working. Due to their interdependent
nature, cross-border dimension and high socio-economic importance, their protection from climateinduced threats has to play a major role at all steps along the value chain.
In this respect, climate services are the right tool to support the energy sector to reduce its climate-related
risks, to adapt to climate change and to increase its resilience. The results of the case study – obtained via
interviews and desk research – indicate, however, that little seems to be known about the existence of
climate services. While the use of weather services is largely common in order to plan, control and
undertake daily activities and operations, the actual use of climate services in the electricity subsector is
rather low.
Stakeholders actively engaged in the electricity subsector claim to especially need seasonal forecasts and
decadal predictions. The latter demand clearly correlates with the energy companies’ time frames for
strategic planning, which usually vary between 3 to 8 years. Additionally, decadal and medium-term
predictions are important for those stakeholders active at the very beginning of the value chain in order to
reliably design the statics of plants or seepage surfaces. All in all, key actors of the electricity subsector
need reliable information on (1.) wind speed, (2.) precipitation, (3.) snow load, (4.) amount of snow and (5.)
irradiation levels.
Amongst other factors, the little demand for climate services can be attributed to (1.) a low awareness of
the climate-related risks lying ahead, (2.) not being aware of the benefits climate services can provide, (3.)
mismatches between the required and the available timescale and spatial resolution and (4.) a lack of trust
in the reliability of data.
Given the current low demand for climate services, the sector’s assessed vulnerabilities and economic
uncertainties suggest a high latent potential for demand for climate services. This is in line with the findings
of a transactional analysis, ascertaining a value of 77.1 EUR M and a growth rate of 9.3 % for the climate
service market in the German renewable energy sector in 2015/2016, with a continuously increasing
growth rate until 2022/2023 (11.6%). For such an increasing demand the framework conditions in Germany
are good and improving. In this respect, 4 recommendations are given for an enhanced take-up of climate
services, spanning (1.) raising awareness that climate services actually exist, (2.) setting up a ‘Climate
Service Provider Store’ to inform where exactly key actors can find the right-fitting services for their needs
and close to their locations, (3.) increasing reliability of seasonal forecasts and decadal climate predictions
and (4.) mainstreaming cooperation between energy networks and climate service providers in each region.
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All in all, this case study advances the state of the knowledge on the use of climate services within the
electricity subsector due to the following aspects: (1.) while research on the current demand of climate
services exist, no research has been undertaken on both, the current and future demand of climate services
within the electricity subsector, and (2.) a variety of methods have been applied in order to pioneer an
approach towards assessing and monitoring the climate service market of the electricity subsector by
combining socio-economic analyses of the subsector with its assessed vulnerabilities.
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1 Introduction
1.1 Background
This study forms part of MArket Research for a Climate services Observatory (MARCO), a research project
funded through the European Commission’s Horizon 2020 Environment and Resources programme. With
growing appreciation of the risks (and ‘opportunities’) that climate change presents, climate services are
helping organisations to mitigate, adapt, and become future-resilient. However, relatively little is known
about the climate services market, with unaddressed gaps existing between supply and demand. MARCO
endeavours to understand these gaps by providing a 360° view of Europe’s climate services market,
endowing suppliers and users alike with the insight to predict the sector’s future direction and growth.
This deliverable (D5.7) is part of work package five (WP5), which undertakes qualitative and quantitative
analyses of the existing and future demand for climate services through the completion of 9 case studies.
Each case study is associated with a key economic sector in Europe. All studies, and the economic sectors
they represent, had been selected as ‘proxy’ or ‘indicator’ studies that, when considered collectively,
describe a wide range of sectoral characteristics in which climate services can play a role.
D5.7 presents the results of case study 6, which addresses the electricity subsector of the critical energy
infrastructure sector in Germany and its existing and potential demand for climate services. The protection
of critical energy infrastructures is considered a priority area of action within the European Union (EU) and
beyond, as society broadly depends on energy supply security in order to maintain its functioning. A
destruction or disruption of energy infrastructures by climate-induced threats, can lead to a significant
negative impact for the energy security of the EU and the well-being of its citizens. Climate services could
help identifying such evolving climate-related risks and support energy facilities to adapt. This is particularly
important because disruption in energy supply does not stop at borders and does not only affect one single
sector.
In this respect, the aim of the present deliverable is to characterise the market for climate services within
the electricity subsector, to identify the subsector’s vulnerabilities and to analyse its use, demand and
possible future demand for climate services. By doing so, a broad range of analyses is applied, resulting in 4
final recommendations, which could help enhancing climate service take-up within the subsector and
beyond.

1.2 Methodology
The findings presented in this report are based on a variety of methods including literature review, desk
research and semi-structured interviews.
The description of the critical energy infrastructure sector in chapter 2, the market characteristics outlined
in chapter 3 and the framework conditions presented in chapter 6 are based on an extensive literature
December 2017
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assessment and desk research. These three chapters provide an external perspective on the respective
market.
In contrast, chapters 4 and 5 provide an internal perspective on the market by analysing the attitudes to
risks (chapter 4) and the current and expected climate services demand (chapter 5). For this purpose,
approximately 70 sector experts from a variety of companies operating in the energy sector have been
invited to participate in semi-structured interviews. The willingness to participate was unexpectedly low;
finally, only four interviews could have been conducted. The results should thus be carefully reflected
against this background.

2 Critical Energy Infrastructure Sector
2.1 Definition and Socio-Economic Profile of the Sector
In 2006 the European Commission (EC) published its Communication on a ‘European Programme for a
Critical Infrastructure Protection’, also called EPCIP (EC, 2006). EPCIP sets the overall framework for
activities aimed at improving the protection of critical infrastructures in Europe – across all EU States and in
all relevant sectors of economic activity. It seeks to provide an all-hazards cross-sectoral approach.
Despite the EPCIP’s broad approach, its first priority areas include the critical energy infrastructure sector.
Also policy developments of Germany indicate the energy sector is of high relevance when it comes to
critical infrastructure protection (Bundesministerium des Innern, 2009). What are the reasons for the high
relevance assigned to critical energy infrastructures? And how is critical energy infrastructure exactly
defined?
Three defining characteristics of critical energy infrastructures are presented below:
1. Interdependency
2. Cross-border dimension
3. Socio-economic importance
(1.) Firstly, according to the Council of the European Union (2008) the critical energy infrastructure
sector is divided in three subsectors: electricity, oil, and gas. Each subsector consists of physical energy
facilities, energy supply chains, information technologies and communication networks that make up an
energy system. Such an energy system directly supports the operation as well as the performance of many
other infrastructure systems, e.g. transport, water and information & communications technology
infrastructure systems. Thus, if destroyed or degraded, a significant impact on energy security and energy
supply would occur, not only affecting other infrastructure systems but also influencing the overall social
and economic well-being of a state. The relationship between critical energy infrastructures and other
critical infrastructures is, however, not one-sided. Like all critical infrastructures, also critical energy
infrastructure is characterized by a high degree of interdependency. This applies especially to the nonrenewable energy sector. Rinaldi et al. (2001, p. 14) define interdependency as “a bidirectional relationship
December 2017
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between two infrastructures through which the state of each infrastructure influences or is correlated to
the state of the other. More generally, two infrastructures are interdependent when each is dependent on
the other”. In practice, there exist de facto many interdependencies between one and several other
infrastructures. These multiple connections can create such an intricate web – consisting of feedback and
feedforward paths and complicated branching topologies – that a natural or human initiated threat to a
single critical infrastructure can not only lead to a serious cascade effect by influencing various actors in
different sectors, but it also can cause a non-effective disaster response. Such a cascade effect occurred
during the European flood in 2002 when hydroelectric power plants sustained damage. In most areas of
Dresden (Germany) the electric power supply was affected, resulting that also emergency responses had to
contend with power blackouts (Berariu et a., 2015; Habersack & Moser, 2003; Helbing et al., 2006; Richter
et al., 2008).
(2.) Following the interdependent nature of critical energy infrastructure, its second most important
characteristic and the second reason for its high political relevance, is the cross-border dimension of main
energy transmission networks. In fact, energy networks cross borders both physically and at the level of the
service provided. While the former aspect refers to the energy infrastructure being physically located in the
territory of more than one Member State, the cross-border nature of the service provided implies that a
disruption of service in one Member State can affect the energy supply in several other Member States,
causing a domino effect. Thus, while national authorities are primarily responsible for the protection of
energy facilities, such as power plants and transmission lines, energy disruption can be felt across national
borders and cause serious effects for European citizens. As research unveils, such an incident – an almost
Europe-wide blackout – occurred in 2006. Starting from Germany an electric blackout cascaded to Poland,
to the Benelux countries and France, to Portugal, Spain and Morocco, across to Greece and the Balkans,
affecting more than 15 million people (Union for the Co-ordination of Transmission of Electricity, 2007).
A considerable number of critical energy infrastructures located in EU Member States can be classified as
European critical infrastructures. The Council of the European Union (2008, p. 77) defines such a European
critical infrastructure as “a critical infrastructure located in Member States the disruption or destruction of
which would have a significant impact on at least two Member States”. As part of the European
Commission’s latest ‘Energy Union Package’ (EC, 2015) the European Union is aiming for increasing crossborder energy infrastructures and interconnections between Member States in order to complete its fully
integrated European energy market, one of five targets of the Energy Union Package. Against this
background, 195 energy infrastructure projects with a cross-border dimension were identified in 2015,
consisting of 108 electricity, 77 gas, 7 oil and 3 smart grid projects. These so-called Projects of Common
Interest (PCIs) – which get financially supported by the European Union – are key infrastructure projects
and the primary European tool to accelerate the deployment of the infrastructure necessary to complete
the internal European energy market. These examples of policy developments make clear that the crossborder dimension of critical energy infrastructures and possible cross-border cascading effects in terms of
disrupted energy supply might become of even more importance within the near future.
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(3). Thirdly, critical energy infrastructure is not only characterized as highly interdependent and with
a cross-border dimension, it is also of high economic and social importance for the EU and especially for
Germany as it carries and distributes the energy that keeps an economy moving and our societies working.
Insights into the critical energy infrastructure’s socio-economic importance are based on Eurostat’s
‘Structural Business Statistics’ (SBS) and the ‘Statistical Classification of Economic Activities in the European
Community’ (NACE), Rev. 2 (2008). As shown in Table 5 in the annex, the European Commission (2017, p.
134) classifies 3 NACE sections, 7 NACE divisions and 20 NACE groups as being part of the entire energy
sector. Based on this classification and based on the definition of critical energy infrastructure made by the
Council of the European Union (2008), the red marked divisions and groups belong to the critical energy
infrastructure sector in the narrow sense. Out of all these groups classified as being part of the entire
energy sector, the electricity subsector clearly stands out, e.g. in terms of persons employed and turnover
in EUR million. Group 35.1 of section D presents it. Section D refers to the overall electricity, gas, steam and
air conditioning supply sector (following EUROSTAT hereafter referred to as the network energy supply
sector). It concerns the provision of electric power, natural gas, steam, hot water and the like through a
network (permanent infrastructure) of lines, mains and pipes. Group 35.1 gives insights into the Europewide and national production, transmission and distribution of electricity only, which can be generated
from fossil, nuclear or renewable fuels. According to the data available for 2014, the production,
transmission and distribution of electricity generated the highest turnover in the European as well as
German energy sector, in both cases employing most of the workers at the same time.

Table 1: Key-Economic Indicators in 2014
D 35: Electricity, gas,
steam and air
conditioning supply
EU28: Production value in € M

-

Germany: Production value in € M

-

EU28: Turnover in € M

560.482

EU28: Value added in € M

218.919

EU28: Number of enterprises**
Germany: Number of enterprises
EU28: Number of persons employed
Germany: Nr. of persons employed

40.467

37,9%**

-

-

499.439

42,1%**

180.608
18.5%**

34.659

19,2%**

80.466
2,3%

1.230.000*
228.179

German
share
of EU28

1.185.838

88.000*
2.058

D 35.1: Electric
power generation,
transmission and
distribution

966.634

1.478.876

Germany: Turnover in € M
Germany: Value added in € M

German
share
of EU28

1.473

1,8%

937.829
18,5%**

203.101

21,7%**

Source: Eurostat’s ‘Statistical Classification of Economic Activities in the European Community’ (NACE Rev. 2, B-E)
[sbs_na_ind_r2] * Rounded ** Highest share within EU28
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A more detailed understanding of the size of the electricity subsector is provided in Table 1 above. Looking
at the data of Section D, in the EU28 1.2 million persons were employed in the network energy supply
sector in 2014 and generated EUR 218.9 billion of value added or 1.56 % of GDP. The production,
transmission and distribution of the electricity subsector (group 35.1) was by far the largest part of the
network energy supply sector, contributing 82.5 % of sectoral value added (1.27% of GDP) and 76.2 % of
the workforce in 2014. By analysing the contribution to the EU28 value added in the network energy supply
sector as a whole, Germany contributed the highest amount with 18.5 %. A similar situation can be
observed for the electricity subsector where the highest value added was generated in Germany (19.2 %)
while employing most persons with a share of 21.7 % in 2014.
Against this background, a large economic and social importance of the electricity subsector can be
observed. Energy in general but electricity in particular plays a pivotal role in almost all parts of society. It
might not be surprising that the production of the latter contributes thus significantly to the total
greenhouse gas emissions in the EU and Germany. To achieve the climate goals of the Paris Agreement and
the EU’s energy and climate objectives as well as to complete the European energy market, the European
Commission estimates that investments of more than EUR 1 trillion are needed for the energy sector by
2020 (EC, 2010, p. 2). According to the Commission’s Energy 2020 strategy (EC, 2010), these investments
are required across the energy value chain, including power generation, electricity transmission grids,
distribution grids and gas pipelines. However, since infrastructure assets and networks are not only capitalintensive and of high socio-economic importance but also long-lived, their protection from climate
variability and change has to be considered as of the beginning. In this respect, there is a potentially
significant opportunity to reduce the vulnerability of critical energy infrastructures, to obtain their high
socio-economic importance and to help prevent sectoral and cross-border cascading effects with adequate
climate services – an opportunity, not mentioned in EPCIP nor in the Energy 2020 strategy once.
In conclusion, (1.) the interdependent nature of critical energy infrastructures, (2.) their cross-border
dimension and (3.) their socio-economic importance, result in the high political relevance assigned to the
protection of critical energy infrastructures by national and EU institutions. This applies especially to the
electricity subsector.

2.2 Similar Sectors & Regions
A sectoral and regional analysis can be of help in order to better understand the above outlined
characteristics of the critical energy infrastructure sector. This analysis concerns the German network
energy supply sector and its subsector electricity, which will primarily be of concern for the present case
study.
Starting with the regional analysis, the weight of the German network energy supply sector can be
detected by comparing it to the performance of the same sector in similar countries. France and the United
Kingdom, whose size and number of inhabitants are equivalent to those of Germany, are considered for the
December 2017
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analysis. When comparing the value added as well as the number of persons employed at the European
level, Germany stands out as mentioned already in the former chapter. This applies to the overall
electricity, gas, steam and air conditioning supply (production, transmission and distribution), as shown in
Figure 1, as well as to the production, transmission and distribution of electricity alone. For example, while
the German contribution to the EU28 value added in the entire energy supply sector comprised 18.5 % in
2014, the next highest relative shares of France (13.8 %), the United Kingdom (13.2 %) as well as Italy (11.8
%) and Spain (9.0 %) were also well above the EU28 average (3.3 %).

Figure 1: Electricity, Gas, Steam and Air Conditioning Supply in 2014
10,5

United Kingdom
France

13,2
13,8

15,5
18,5
18,5

Germany
0,0

2,0

4,0

6,0

8,0

10,0 12,0 14,0 16,0 18,0 20,0

Persons employed, share of EU28

Value added, share of EU28

Source: Data and calculations based on Eurostat’s ‘Statistical Classification of Economic Activities in the European
Community’, NACE Rev. 2, B-E [sbs_na_ind_r2]

Figure 3: German Share of EU28 Gross Electricity
Generation of Renewables
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0,0
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and Ocean
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Renewable
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Electricity GeneraZon, 2015
(Red line marks Gross Electricity
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Solar

Figure 2: German Share of EU28 Gross Electricity
Generation

Source: Calculations based on Eurostat’s annual data for supply, transformation and consumption of electricity
[nrg_105a]

A similar result can be detected when analysing the countries’ gross electricity generation. 20 % of the
gross electricity generation is generated in Germany alone (illustrated by the red line in Figure 2 on the
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left). The second highest contributor, France, follows with a share of 17.6 % and the third, the United
Kingdom, with a share of 10.5 %. Out of all fuels used, the German electricity generation by solid fuels is
still highest within the EU (share 34,4 %). Also, the German gross electricity generation by non-renewable
waste (German share of EU28 = 30,4 %) and renewable energy sources (German share of EU28 = 20 %)
mark the highest share within the EU. The same applies extensively to the three renewable energy sources
solar, biomass and wind, shown in Figure 3 on the right above.
Even though for a comprehensive regional analysis contextual factors have to be considered – such as
national employment rates, imports and exports, GDP or the number of enterprises within the sector –
these results indicate that energy disruption and destruction due to threats caused by climate variability
and change might have a significant effect for the energy consumption not only in Germany. Instead, given
the large German contribution to the gross electricity generation in the EU and given the interdependent
nature of critical energy infrastructures and their cross-border dimensions, significant effects on other
sectors and in other countries might occur. The protection of critical energy infrastructures located in
Germany could, therefore, potentially be considered as both of national and European interest.
A sectoral analysis is a macroeconomic analysis of a national economy, comparing economic
dimensions – such as competitiveness, employment or value added – of one sector with one or several
other sectors within the same country. This kind of analysis can be applied to the critical energy
infrastructure sector in Germany by comparing it with the performance of the German transportation and
storage sector (NACE, Rev. 2, section H) as well as with the water supply, sewerage, waste management
and remediation activities sector (in reference to EUROSTAT hereafter referred to as the water supply
sector, NACE, Rev. 2, section E). All three sectors have the transportation or supply of ‘something’ in
common. They either move people and goods, water and waste or energy. Additionally, the energy sector
is directly linked to the other two sectors (e.g. in terms of the transportation of fuels to power stations or in
terms of water being used to cool tubes of powerful transmitters that usually use high operation voltages).
Figure 4: Sectoral Analysis in Germany 2014
Transportaton and Storage Sector

5,5

3,9
0,6
0,9
0,6

Water Supply Sector
Energy Supply Sector
0,0

1,0

1,5
2,0

3,0

4,0

5,0

6,0

Persons employed, share of Germans employed in all economic actvites
Value added, share of all German economic actvites
Source: Calculations based on Eurostat’s ‘Statistical Classification of Economic Activities in the European Community’,
NACE Rev. 2, B-E [sbs_na_ind_r2] and NACE Rev.2, H-N and S95 [sbs_na_1a_se_r2]
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By analysing all three sectors in terms of value added and persons employed, the transportation and
storage sector could be seen as of highest socio-economic importance in Germany (Figure 4). However, the
network energy supply sector accounted for a 1.5 % share of the value added of all NACE activities – almost
two times as high as its share of employment. Since the value added is the sector’s gross income from
operating activities, these very different shares indicate a high apparent labour productivity within the
network energy supply sector and reflect its capital-intensive nature.
In conclusion, the outlined sectoral and regional analysis demonstrates that besides (1.) the interdependent
nature, (2.) the cross-border dimension and (3.) high socio-economic importance of critical energy
infrastructures in general, the German energy supply sector ranks highest within the EU, and seems to
perform economically well within the country.
However, its solid performance does not make the German network energy supply sector less vulnerable to
climate variability and change. Particularly due to the high investments required for the planning, start-up
and run of an energy facility and its generally extensive lifetime, it is even more crucial that actors engaged
in the sector assess the sector-specific vulnerabilities to changes of relevant climate variables, preferably on
a regular basis. By doing so, and by taking the vulnerability of energy facilities to climate-induced threats
into account, profitability can be quantified more realistically over the long term. In this respect, a climate
vulnerability analysis of the German network energy supply sector and its subsector electricity is presented
in the following chapter.

2.3 Sector Climate Vulnerability and Risk Analysis
In order to analyse the current and potential demand for climate services within the German electricity
subsector, it is essential to be aware of the sector’s vulnerabilities and risks to climate variability and
change. This chapter presents the scientific results of the German vulnerability analysis. These results will
be needed later during the case study analysis in order to compare the assessed vulnerabilities of the
energy sector with the perception of stakeholders actively engaged in the sector.
Since 2008, the German Adaptation Strategy (Bundesregierung, 2008) has set the political framework for
activities of the Federal Government to counter the effects of climate change. In 2015, both a monitoring
report of the adaptation strategy (Bundesregierung, 2015) and the country’s first vulnerability analysis
(Umweltbundesamt, 2015) were released. While the former presents a shorter analysis of the vulnerability
of each sector, the latter provides a comprehensive outline of the methodology applied and a more
detailed analysis of the sectors’ vulnerabilities until 2050. Both analyses are one and the same – conducted
by the “Netzwerk Vulnerabilität”, a network of federal authorities.
The definition of vulnerability used in the German vulnerability analysis follows the one of the Fourth
Assessment Report (AR4) of the Intergovernmental Panel on Climate Change (IPCC). Hereafter
“vulnerability is a function of the character, magnitude, and rate of climate change and variation to which a
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system is exposed, its sensitivity, and its adaptive capacity” (IPCC, 2007, p. 883). As a reason for applying
the AR4 framework instead of the latest 2014 framework of IPCC’s Fifth Assessment Report (AR5), which
defines risks as a newly conceptual element, it is argued that the level of analysis of both a vulnerability
analysis and a risk assessment might not be compatible methodological approaches (Umweltbundesamt
2015, p. 37). Hence, not risks (IPCC, 2014, p. 1048) but the vulnerability of regions and systems to climate
change have been identified in a screening procedure throughout Germany and across all fields of activity.
This approach has implications for the following vulnerability and risk analysis of the German critical
energy infrastructure sector, as the results to be presented refer to the sector’s vulnerabilities to climate
change only. So, which vulnerabilities have been assessed?
Based on the vulnerability analysis applied, several climate signals and 4 assets or processes with a medium
potential of damage were identified in total. They are presented below and shown in Table 2

Table 2: Assessment of Climate Impacts in the German Energy Sector
Assets or
processes
affected by
projected
climate impacts

Climate Signal

Demand for
heating energy
Demand for
cooling energy
Hydropower
Cooling water
for thermal
power plants
Wind energy
use on land and
at sea
Power & generating plants
Transmission &
distribution
lines
Reliability of
energy supply

Time
Requireneeded ment of
to adapt Action

Temperature

Assessment of climate
impacts
Present
Near Future
(2021 – 2050)
Weak
Strong
Change Change
Low
Low
Medium

Heat, temperature

Low
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Firstly, high ambient temperatures can reduce power plant efficiency and constrain the operation
of thermal power plants, which require water for cooling. An increased demand for cooling water for
thermal power plants is expected – with medium to high certainty and a medium potential of damage in
the present and the near future (until 2050). These possible impacts on electricity generation efficiency and
supply reliability due to warmer water and water scarcity are already subject of many studies (Berariu et al.,
2015, IPCC, 2012, Mulugetta et al., 2014, OECD, 2017, Schaeffer et al., 2012).
Secondly, changes in seasonal temperatures will modify energy demand patterns. For Europe, a
reduction in the number of heating days between 11 % and 20 % is expected by the year 2050 (Isaac & van
Vuuren, 2009). Also in Germany a decrease in heating energy demand is foreseen as a result from a shorter
winter heating season, new energy efficient heating systems, changes in building stocks or remedial actions
(Umweltbundesamt, 2015). This applies especially to regions in the West of Germany along the Rhine, to
Berlin, Hamburg, München and to some areas in the East of Germany.
On the contrary and thirdly, higher summer temperatures will increase the electricity demand for
cooling especially in the South, and the corresponding higher peak loads may require additional generation
capacity. Altogether, changing patterns in the demand for heating and in the demand for cooling are
assessed to have a medium potential for damage within the near future and would affect the energy
industry in summer (low certainty) and in winter (medium to high certainty) if temperature rises sharply.
Fourthly, the vulnerability of power plants and generating plants can rise significantly until 2050
due to extreme weather events (low certainty). A medium potential for damage to thermal power plants
caused by river floods is assessed especially for regions in southern Germany, such as Munich, as well as in
some areas of Lower Saxony (Umweltbundesamt, 2015). A potential damage caused by storm surges is
mainly concentrated in coastal areas above the Elbe – expected to increase until 2050.
The bottom line of the vulnerability analysis of the German critical energy infrastructure sector is that the
reliability of energy supply may be negatively affected, but only to a limited extent. Due to the high
adaptive capacity and the relatively low impact, the overall vulnerability of the energy industry to climate
change is thus assessed as low. Nevertheless, for two of the indicators presented above the requirement of
action is evaluated as medium. As shown in Table 2, this applies especially to the electricity subsector: its
increasing demand for cooling water for thermal power plants and the increasing danger of damage to
power and generating plants. Given these results, showing that especially the electricity subsector might be
affected by climate variability and change, it could be argued that electricity facilities should also see a
growing demand for climate services as a primarily tool for identifying regional and site-specific threats.
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3 Characterising the Market
The findings of the former chapters demonstrate that (1.) the interdependent nature, (2.) the cross-border
dimension and (3.) high socio-economic importance of critical energy infrastructures result in the high
political relevance assigned to their protection by national and EU institutions. This applies in particular for
the electricity subsector. Additionally, the results of the vulnerability analysis indicate an existing necessity
for action and a potential future demand for climate services in the electricity subsector. Within the
subsector, however, there are different stakeholders engaged at different stages of the value chain.
Depending on the position along the value chain, they have different vulnerabilities, which subsequently
might also lead to different demands for climate services. Therefore, the goal of the following chapter is to
firstly provide an overview of the stakeholders engaged in the subsector electricity, and to secondly
quantify the size of current and potential climate service demand.

3.1 Value Chain Analysis and Stakeholder Mapping
The value chain of the electricity subsector consists of 7-9 different stages. The first step starts with the
planning of power pants, provided through professional technical consulting and planning by architects and
engineers. The second step of the chain concerns the production of power plants based on the planning
prepared by engineers before. Once the power plant is ready to physically generate energy, it either has to
receive fuel that has to be extracted and transported to the plant first, or it can start with the generation of
power straight away in case the power generation is based on solar, wind or water energy. Thus, the third
step along the value chain is the extraction, and the fourth step is the transportation of fuels to power
plants for those facilities depending on it. This applies to all fossil fuels and in the case of transportation
also to biomass, which is used to produce biogas or electricity. Thereafter, the next possible step – step five
– is the generation of power itself. As soon as power is generated, it is ready to be moved, but electricity is
moved in different ways. As a sixth step, electricity is first transmitted at very high voltage (11 000V) from
power plants to power sub stations, which are usually located near settlements. At the power sub stations,
electricity is brought down from high to low voltage by using transformers, before it is distributed (eighth
step) at a low and safe level (220V) down to its consumers. In between power is often traded, e.g. by banks,
power plant operators or municipal utilities (seventh step). At the very end and as a ninth step, the energy
produced is finally consumed by its end-users. All these different stages are shown in Figure 5.
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Figure 5: Value Chain of the Electricity Subsector
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Within this case study, 6 out of 9 steps of the core processes were investigated further. This includes all
steps explained above except the extraction and transport of fuels to power plants and the consumption of
energy by end-users. Even though it is questionable whether or not the first two steps are already part of
the value chain of the network energy supply sector as a whole, they got considered during the analysis.
In general, in Germany many companies and stakeholders are active in several stages of the value chain.
This seems to apply especially to the planning and construction of power plants, the generation and
transmission of power, and the transmission and distribution of power as these stages present very closely
related activities for which closely related capacities are needed (see Table 3).

Table 3: Stakeholders engaged in the Electricity Subsector
Planning of
Power Plants

Production of
Power Plants

Generation of
Power

Transmission
of Power

Trading of
Power

Distribution of
Power / Grids

- Architecture
firms
- Engineering
firms
- Spatial
planning
offices
- Public
authorities
- Energy
companies

- Building
contractors
and
developers
- Energy
companies
- Architecture
firms
- Engineering
firms

- Energy
companies
(state owned
or privately
owned)

- Energy
companies
- Network
operators
- Municipal /
public
utilities
- Private utility
companies

- Banks
- Power plant
operators
- Private utility
companies
- Small traders
- Brokers

- Energy
companies
- Municipal /
public
utilities
- Private utility
companies

Experts of energy networks and non-profit organisations

The 4 stakeholders who were interviewed are engaged in several stages. Altogether, they represent all
steps along the value chain, and comprise architecture and engineering firms, energy companies, network
operators, private utility companies and experts. They are all located in the North of Germany – within
Federal States Schleswig-Holstein (NUTS 2: DEF0), Hamburg (NUTS 2: DE60) and Bremen (NUTS 2: DE50) –
and operate on a cross regional, cross-federal and in two cases even on a cross-national and European
scale. Within the German network energy supply sector as a whole, 75% men and 25% women were
employed in 2016 (Federal Statistical Office, 2017a).

3.2 Market Quantification, Existing and Potential Climate Service Supply and Use
According to EUROSTAT 1.461 companies were active in the generation, transmission and distribution of
electricity in Germany in 2015. The Federal Statistical Office of Germany counts 771 enterprises in 2015
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what marks about half of the amount EUROSTAT presents. These very different numbers could be due to
the fact that many companies are engaged in more than one of the steps along the value chain. It is likely
that they were counted several times.
By looking at the developments in (1.) number of companies, (2.) number of persons employed, (3.)
investments, (4.) turnover as well as (5.) material consumption and input of goods over time, presented by
the Federal Statistical Office (see Figure 6), it can be noticed that in German enterprises engaged in the
generation, distribution and transmission of electricity the number of persons employed, the number of
companies and the investments have been stable over the last ten years. On the other hand, material
consumption and input of goods have remarkably increased since the early 2000’s. The same applies to the
similarly increased turnover, which can be considered as the business growth factor. As the material
consumption and input of goods are the variable input of the electricity subsector, they also determine the
subsector’s final turnover. This means that the high costs invested in the material consumption and input of
goods also bring high financial uncertainty to the companies engaged in the generation, transmission and
distribution of electricity. This high uncertainty marks a general need for the subsector to gather
information about all impacts to its business. It opens opportunities for external information providers,
such as climate service suppliers, to aid the subsector electricity to reduce its uncertainties and to create a
more stable turnover.

Figure 6: Electric Power Generation, Distribution and Transmission of Enterprises with 20 or more
Persons Employed
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Source: Federal Statistical Office, 2017b

While businesswise and economically a strong indication of future climate service demand exists, it is still
unclear who of the stakeholders engaged along the value chain might have the highest demand for climate
services.
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Neither EUROSTAT nor the Federal Statistical Office provide data on the amount of companies active in the
different parts of the value chain. However, Statista – an online statistic portal – does. It gives insights into
the amount of German electricity companies and their location at the value chain, but also enterprises
belonging to the gas subsector are listed as well as those companies being active in district heating (one
part of the electricity subsector). Thus, Figure 7 below does not only summarise the engagement of all of
these actors along some parts of the value chain but it also shows the number of companies that might
generate a higher demand for climate services in the future.
Based on the illustrated amount of companies in some parts of the value chain and in combination with the
assessed vulnerabilities of the energy sector (see results of chapter 3.3 and 4.2), the potential size of the
future market for climate services can be assumed. The vulnerability analysis unveiled already a medium
potential for damage to power and generating plants. Either extreme weather events will lead to damages
or higher temperatures will lead to an increasing demand for cooling water for thermal power plants, which
will affect the efficiency of power generating plants too. But besides companies engaged in the generation
of electricity also enterprises active in the transmission and distribution of power might be affected since a
lower demand for heating and a higher demand for cooling influences the amount of electricity they might
be able to move or deliver. Thus, especially the 90 companies generating electricity and to a lesser extent
also the 906 electricity network operators and 1200 electricity suppliers shown below in Figure 7 might
have a growing demand for climate services in the future, provided that they are actually aware of the
climate-induced vulnerabilities and risks ahead. The size of the market, however, can only be inferred for
each step of the value chain, because a simple summation of the existing companies shown below is not
possible. As mentioned already before, many enterprises are active in several stages along the value chain
and are often also engaged in more than one subsector of critical energy infrastructures. Therefore, they
have been recorded several times.

Figure 7: Number of German Companies in Different Stages of the Value Chain by Sector in 2017
90
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Source: Statista (https://de.statista.com/statistik/daten/studie/173884/umfrage/zahl-der-unternehmen-in-deneinzelnen-marktbereichen-des-energiemarktes/, last accessed: 12 December 2017)
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In terms of current climate service use, the findings of a transactional analysis conducted within the scope
of MARCO’s WP4 (D4.2) indicate that the entire German market had a volume of 98 suppliers and 63
purchasers of climate services in 2015/2016. Additionally, 76 suppliers were identified in WP 3.2 and WP
3.1. Out of these 76 climate service suppliers 43 provide services specifically made for the energy sector. A
full list of energy-specialised providers can be found in the annex, Table 6. Besides the identification of
suppliers and users the transactional analysis of D2.1 also assessed the value and growth of the climate
service market with an ascertained value of 77.1 EUR M and a growth rate of 9.3 % for the German
renewable energy sector in 2015/2016. Until 2022/2023 (11.6%) the growth rate of the climate service
market in the renewable energy sector is forecasted to continuously increase. Unfortunately, the analysis
has not been applied for energy infrastructures or its electricity subsector but for the renewable energy
sector as well as for different utilities, e.g. comprising also utilities of the water sector. Insights into the
value and growth of the climate service market within the energy sector and its electricity subsector can
hence not be given, but the results of the renewable energy sector and the results of the market
quantification given above indicate already an increasing demand for climate services within the future.
This increasing demand could be monitored and evaluated by the Climate Service Observatory – for whose
creation MARCO delivers recommendations. Also sector-specific insights could be provided.
The 4 interviews conducted in this case study took place in the three Federal States Schleswig-Holstein
(NUTS 2: DEF0), Hamburg (NUTS 2: DE60) and Bremen (NUTS 2: DE50). Below, all identified climate service
providers located in these Federal States are listed, while Figure 8 shows the location, amount and type of
power plants within these areas. All climate service providers located in the Federal States SchleswigHolstein, Hamburg and Bremen and those specialised in services for the energy sector (coloured green) are:
1. Hamburgisches WeltWirtschaftsInstitut GmbH
2. HAW Hamburg
3. Helmholtz-Zentrum Geesthacht

4. Max-Planck-Institut für Meteorologie
5. Ökopol Institut GmbH
6. Technische Universität Hamburg-Harburg

Figure 8: Power Plants located in the North of Germany

Green: Wind Black: Hard Coal Orange: Gas Blue: Pumped Storage Brown: Oil Red: Uranium
Source: Fraunhofer Institute for Solar Energy Systems ISE (https://www.energy-charts.de/osm.htm)
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Of the relatively small amount of all identified climate service purchasers in Germany in 2015 and 2016,
naturally an even smaller number belongs to the energy sector. This shows once more that the energy
sector and its electricity subsector seem to make only little use of climate services, principally as a
supplementary tool for enterprises’ strategic planning processes. Therefore, given (1.) the high political and
socio-economic relevance of the subsector electricity, (2.) its identified vulnerabilities, (3.) assessed
economic uncertainties and (4.) the large amount of companies being engaged in the generation,
distribution and transmission of electricity, a high potential for a growing climate service demand in
Germany could be concluded.

4 Attitude to Risks
After having characterised the current and possible market for climate services in the electricity subsector,
the results of the interviews are presented in the following sections.
During the semi-structured interviews, the stakeholders’ perception of climate-related risks was addressed
at the beginning of the conversations. This was meant to increase awareness of the importance of the
subsequent questions and led to some interesting findings. The key messages are highlighted below each
section.

4.1 Actual Perception of Climate-Related Impacts and Risks
Climate change has already had an impact on the entire energy sector. One participant even assesses the
impact as being “fundamental”, as climate change has already become visible through specific observed
problems. The heat load in rivers is evaluated as one of the most stressing problems, which results in a lack
of cooling water for thermal power plants due to increasing temperatures. Also punctual and fastoccurring extreme weather events, such as storms or heavy rainfalls, are evaluated as having a big impact,
because they affect the planning of power plants and cause damage to transmission and distribution lines
above ground (underground cable are not seen as vulnerable). While all participants agree on already
observed impacts of climate change on the entire energy sector, one participant concludes that it would
not have such a significant effect in Germany, though.
The impact of climate change assessed by key actors of the electricity subsector is, however, different to
the relevance the subsector currently gives to climate change and its possible risks. The relevance of
possible negative consequences is assessed as “extremely low”, since other circumstances and decisions
with financial and economic scope are currently of more importance to the market and also since the
sector tends to usually operate reactively.
Interestingly, when asking the participants about the current climate-related risks for their companies, the
fact that climate change comes not only along with constraints, but also with opportunities, has emerged.
Already existing opportunities seem to be available, in particular for companies of the renewable energy
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sector. Some stakeholders see the value of business already positively influenced due to climate change
and even assess overall positive effects on the economy. This applies to stakeholders being engaged in the
very first two stages of the value chain, where requests of more solutions to climate-related problems
result in a higher demand for their business activities. The other stakeholders do not mention such positive
effects, but no negative effects either.
While all stakeholders stress the physical impacts of climate change on the energy sector but evaluate the
current risks also as opportunities, already existing mitigation and adaptation measures are assessed as
most influential to their businesses. The Paris Agreement and precisely the German energy transition with
its long-term structural changes of energy systems have brought about concrete changes in the sector. The
aim of the energy transition in Germany is to increase the share of renewable energies in electricity
consumption to 80 % by 2050, to reduce primary energy consumption by 50 % in the same period
compared to 2008, and to cut greenhouse gas emissions in line with EU targets by 80 % to 95 % compared
to 1990. In total, at least 60 % of the energy consumption in 2050 is supposed to be covered by renewable
energies. These changes are not of physical but of regulative nature and are evaluated as most influential
since the energy sector had shown a tendency to operate reactively until now.

Key Message 1:
Already today, climate change has an impact on the energy sector but the current relevance given to
climate change and climate-related risks is relatively low. Risks are seen already as opportunities.

4.2 Perception of Evolving Climate-Related Impacts and Risks
In comparison to current risks, all stakeholders evaluate future risks as overall positive: as opportunities.
None of them estimate climate-induced threats to come along with significant negative economic
consequences for their enterprises. Instead, increasing business opportunities are expected which will
exceed negative effects of punctual and fast-occurring extreme weather events they will likely have to face.
According to one stakeholder, such positive effects concern the renewable energy sector in general,
because its future opportunities are based on the fossil fuel industry’s ‘crisis’.
Additionally to these relatively positive perceptions of risks, most stakeholders think that the relevance of
climate change for the entire energy sector will increase until 2030. All of them even expect an increasing
relevance of climate change for their companies, again due to positive effects on their business activities.
When comparing the stakeholders’ perception of climate-related risks with the results of the German
vulnerability analysis presented in chapter 3.3, it becomes apparent that the scientific results and the
perceptions differ to some extent. In Table 4 below are all expected effects listed which have been assessed
with a medium potential for damage by the German vulnerability analysis. Of these effects, stakeholders
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mentioned: (1.) the danger of not having enough cooling water for thermal power plants due to rising
temperatures. Also (2.) extreme weather events are assessed as a danger, for example affecting the
transmission and distribution of power due to possible damages to cables. While the German vulnerability
analysis assesses the danger for damages to cables as being low in the present and in the future, other
possible evolving impacts have been pointed out. Such impacts span the increasing demand for cooling
energy in summer, the changing demand for heating energy in winter (due to raising temperatures), as well
as the possible damage to power and generating plants due to extreme weather events. Stakeholders have
not recognised or mentioned these effects, seeming to have a better understanding of the current climate
related risks than those ahead. Therefore, it could be concluded that more awareness raising might be of
help in order to better prepare the electricity subsector for all possible changes coming.

Table 4: Potential Climate Impacts and Vulnerabilities along the Value Chain for the Electricity Subsector
Planning of
Power Plants
Current
Climate
Impacts
and
Vulnerabilities

Future
Climate
Impacts
and
Vulnerabilities
until 2050

Generation
of Power

Transmission
of Power

Trading of
Power

Distribution
of Power /
Grids

Rising
Temperature
Cooling
water for
thermal
power plants
Rising
Temperature

Production
of Power
Plants
Rising
Temperature
Cooling
water for
thermal
power plants
Rising
Temperature

Rising
Temperature
Cooling
water for
thermal
power plants
Rising
Temperature

Rising
Temperature

Rising
Temperature

Rising
Temperature

Cooling
water for
thermal
power plants

Cooling
water for
thermal
power plants

- Demand for
heating
energy
- Demand for
cooling
energy

- Demand for
heating
energy
- Demand for
cooling
energy

- Demand for
heating
energy
- Demand for
cooling
energy

Extreme
weather
events
Damage to
power &
generating
plants

Extreme
weather
events
Damage to
power &
generating
plants

- Cooling
water for
thermal
power plants
- Demand for
heating
energy
- Demand for
cooling
energy
Extreme
weather
events
Damage to
power &
generating
plants

Source: Illustration based on the assessment of effects with a medium damage potential in the German vulnerability
analysis.
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Key Message 2:
In the electricity subsector evolving climate-related risks are understood as opportunities. Growing
positive effects on business activities are expected, while at the same time awareness of possible
negative effects is negligible.

5 Climate Service Demand
Based on the stakeholders’ perceptions of climate related risks, the question of current and future climate
service demand becomes even more interesting. As shown above, all stakeholders expect an increasing
relevance of climate change for their businesses in the future and overall positive effects for their
enterprises. Economically, increasing demand for cooling energy, for instance, might have a positive effect
on some stakeholders’ business activities, but so far the resulting effects on the yearly energy consumption
due to hotter summers or warmer winters is altogether unclear (Taseska, Markovska & Callaway, 2012;
Mima & Criqui, 2015). Still, companies should prepare and adapt to possible changing demand patterns. So,
do they or will they make use of the climate services provided?

5.1 Current Climate Service Demand and Benefits of Use
Almost all stakeholders state to use some kind of weather and/or climate services. It should be noted,
however, that there does not seem to be awareness of the differences between the two concepts.
Weather reflects short-term conditions of the atmosphere, while climate is the average daily weather for
an extended period of time at a certain location. Or like the well-known adage: climate is what you expect,
weather is what you get.
Consequently, weather and climate services are not the same. Weather services provide information on
the short-term conditions of the atmosphere and its short-term variations (from hours to a few weeks),
such as temperature, humidity, precipitation, cloudiness, visibility or wind. According to the World
Meteorological Organization (WMO, 2016, p. 7) climate services on the contrary “develop and provide
science-based and user-specific information relating to past, present and potential future climate and
address all sectors affected by climate at global, regional and local scales”. Thus, climate services focus on
the averages of weather patterns and provide long-term information while connecting natural and socioeconomic research with practice. In doing so, they can support decision-making and help society to cope
with current climate variability and limit the economic and social damage caused by climate-related
disasters, as stated by the ‘Climate Service Partnership’ (CSP1) (a detailed definition of climate services can

1

More information can be found here: http://www.climate-services.org
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also be found in D4.6 and D4.7). Given these differences between weather and climate services it is thus
important to clarify what the stakeholders really use.
Most case study participants use weather services on a daily basis in order to plan and control the
efficiency of their activities and operations. 75% use weather services only, while 25% additionally employ
climate services as a support tool for the strategic planning of their enterprises and as background
information for lobbying. One stakeholder, a representative and expert in public administration, uses
neither climate nor weather services himself, but informs his clients where and from whom they can obtain
both.
Depending on their areas of activity, the stakeholders claim to use and need data on:
1. Wind speed
2. Precipitation
3. Snow load
4. Amount of snow
5. Irradiation levels.
The benefits of using these data are mainly seen in ensuring the companies’ planning dependability,
preferably on a daily basis. The German National Meteorological Service (Deutscher Wetterdienst (DWD))
obtains the data but information is also purchased from different sources, such as the German Institute for
Economic Research (Deutsches Institut für Wirtschaftsforschung (DIW)), the Helmholtz-Zentrum
Geesthacht (HZG) or information provided by the IPCC.
Given that case study participants are not very aware of the differences between climate and weather
services, it could be inferred that this lack of knowledge might also account for the relatively low volume of
stakeholders using climate services. According to one energy expert interviewed, this applies to the energy
sector as a whole. To raise awareness of the potential of climate services on the ground seems to be much
needed.

Key Message 3:
The use of climate services is still very limited. This applies also to the actual knowledge of the
differences between weather and climate services and the resulting awareness of the possible benefits
the latter could provide. Thus, there is a need to raise awareness of the potential benefits of using
climate services.
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5.2 Constraints, unmet Needs and Opportunities
Despite very different demands for information, all stakeholders emphasise that data urgently needs to
become more reliable. One stakeholder claims “more reliable predictions would create an enormous
potential for the [energy] market”. So far, however, there does not seem to be much trust by potential
users about the scope and reliability of data. This applies to short-term but especially to seasonal and nearterm predictions, which can be seen as unmet demand since stakeholders want to receive such predictions
on a more reliable basis.
Seasonal forecasts allow the characterisation of the coming season for certain climate variables with
respect to the probability of deviation from the long-term historical observed means. According to
deliverable D6.5.0 of CLIM4ENERGY – a project under the European Union’s Copernicus Climate Change
Service (C3S) providing climate change indicators tailored for the energy sector – a seasonal forecast can
complement the strategic management in energy companies for the next few months in terms of
generation as well as expected demand (Viktor & Teichmann, 2017). Such a seasonal forecast is of much
interest for most of the stakeholders interviewed.
Decadal predictions, on the other hand, try to predict climate variations from a year to a decade ahead by
means of a series of retrospective forecasts. The ‘World Climate Research Programme’ (WCRP) is currently
undertaking research on the scientific and practical aspects of decadal climate predictions through its
‘Decadal Climate Prediction Project’ (DCPP)2. Also MiKlip3 – a project funded by the German Ministry for
Education and Research (BMBF) – is currently aiming to foster basic research on decadal climate
predictions and to even develop an operational decadal prediction system. Furthermore, the recently
funded European research project EUPORIAS4 aimed at developing fully working prototypes of climate
services operating on a seasonal and decadal time scale. All these research projects and the developments
in decadal predictions are of much interest because the strategic planning of companies within the energy
sector usually lie within the time frames that decadal predictions cover. The strategic planning of all
stakeholders interviewed, for instance, varies between 2-3 years, 3-5 years and 3-8 years. Hence, the
possible demand for decadal predictions seems to be enormous. Especially one stakeholder being active at
the beginning of the value chain through the planning of power and generating plants claims to need these
predictions urgently in order to be able to reliably design the statics of plants as well as their seepage
surfaces.
So, both seasonal forecasts and decadal predictions could be examples of what climate services would be
providing because both outreach the short-term perspective weather services usually capture. This means
that a huge demand for climate services could be met, notably as soon as these two tools operate on a
more skilful and reliable basis.

2

More information can be found here: https://www.wcrp-climate.org/dcp-overview
More information can be found here: https://www.fona-miklip.de
4
More information can be found here: http://www.euporias.eu
3
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Closely related to the reliability of data is its accuracy. The more accurate the data – for example on snow
load or wind speed in nearby areas and regions – the better the chances to balance the electricity network
as a whole. One stakeholder points out that this might also be of advantage to clients, who could benefit
from cheaper prices for electricity. Another stakeholder completes: “We do not just need more data and an
inflationary production and use of these data, what we need is more quality”. In this regard, a verified
quality standard (ISO, DIN) for weather and climate data would be appreciated.

Key Message 4:
More reliable predictions are needed – for example on wind speed, snow load and precipitation – in
order to enable companies to strategically plan their operations on seasonal and decadal time scales.

5.3 Factors Influencing Climate Service Take-Up
The take-up of weather services is easily explained due to the daily necessity for using weather information
in order to plan, control and undertake daily activities and operations within the energy sector. Factors
influencing the take-up of climate services are of more strategic nature. Stakeholders purchasing climate
services on a regular basis use them as strategic background information for more long-term planning
activities and lobbying, but do not make use of the full potential which these services provide, e.g. in terms
of adaptive actions.
On the contrary, while reliability and accuracy are clearly the most important factors influencing the
participants to not make further use of climate services, the costs for adequate information are also a
concern. At the moment, the costs of climate services exceed the possible improvements of projects, which
one can expect after purchasing these services, according to one of the stakeholders being engaged at the
first stage of the value chain. This statement intensifies the demand for reliable and accurate data because
the cost for climate services would be of no consequence in relation to the total amount of costs for large
projects and their profit.
Overall, however, the cost of any climate service is not seen as great a constraint as the difficulty of finding
the right service one would pay for. Free services are available but are also difficult to find. Even though all
the interviewed stakeholders use weather services, or know where to purchase them, they know little
about where they could obtain climate services. This lack of knowledge clearly correlates with the lack of
awareness of the differences between the two types of services. It can be thus repeated that actors being
engaged in the broad field of climate services should raise awareness of climate services and the relevant
benefits climate services provide.
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In addition to the question of where to find the right climate services, there is a question about who
provides the service. The respectability and soundness of a service provider is of much importance when
deciding to purchase certain information. This could be seen as closely related to the unmet demand for
more skilful and reliable data. It might also explain why most stakeholders rely on weather services
provided by widely known organisations, such as the National Meteorological Service (Deutscher
Wetterdienst (DWD)).

Key Message 5:
The demand for strategic planning information is a factor that positively influences climate service
take-up in the electricity subsector. A lack of existing knowledge of the differences between weather
and climate services, and of where to purchase climate services, are factors negatively influencing
climate service take-up.

5.4 Future Climate Service Demand and Benefits of Use
As laid out above, future climate service demand in the subsector electricity seems to depend on the
awareness of 6 key aspects:
1. That climate services exist,
2. They differ from weather services,
3. They can provide substantial information on a longer-term basis,
4. They can enrich the strategic planning and operation of a company and
5. If carefully applied, they can help to minimise possible risks and losses and
6. Even help to increase overall profit.
All stakeholders were asked at the end of each interview if they expect their companies to use climate
services in the future. They were also asked how regularly this might be. All stakeholders indicate that they
would probably stick to common purchase patterns. Reasons for not increasing purchases of climate
services in future are obstacles noted in the previous section; in particular inadequate reliability of data but
also cost and subsequently undemonstrated economic benefits. However, if scientific and practical
developments in seasonal forecasts and decadal climate predictions proceed, an increase in demand for
climate services might occur. Stakeholders certainly request such information and complain to not have
such reliable information available yet. If reliable seasonal forecasts and decadal climate predictions were
available, also economic benefits would be likely to increase. In this case, cost is of reduced concern
because the overall benefit due to purchasing climate services would be bigger than the initial sum one has
to invest in receiving the right information needed. Thus, the interviewed key actors of the subsector
electricity expect the climate service market to grow with its growing possibility to offer more skilful
seasonal and near-term predictions. This could give energy facilities and companies the possibility to
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strategically plan on a longer-term basis, to remain in control of climate-related risks and to adapt fast and
proactively.
Besides stakeholders’ declared future climate service demand, section 3.2 infers a potential for increasing
climate service demand due to the sector’s assessed economic uncertainties and its sector-specific
vulnerabilities. This applies especially to companies engaged in the generation of electricity.

Key Message 6:
Given stakeholders’ current expectations, demand for climate services will remain steady.
Developments in seasonal forecasts and decadal climate predictions are expected to change demand
patterns.

6 Framework Conditions
The results of section 3.2 (market quantification, existing and potential climate service supply and use)
illustrate a currently low demand for climate services in the energy sector. Also the results of the interviews
indicate that key actors of the subsector electricity make little use of the services provided. However, given
the results of the vulnerability analysis and the relatively high economic uncertainties within the electricity
subsector presented in section 3.2, a high potential for an increasing climate service demand could be
assessed. For such an increase in climate service take-up the framework conditions in Germany are already
good, or about to improve significantly. These are presented below. In order to avoid providing simple
generalisations, only those parts of the framework conditions will be mentioned that have either
substantially improved over that past years or substantially contribute to the relevant framework
conditions in Germany.

6.1 Governance and Strategies
In general, in Germany there is high political will to adapt to climate change. This high political will was
demonstrated in 2008 when the Federal Government adopted the German Adaptation Strategy, whose
preparation was accompanied by an informal, cross-departmental working group on adaptation. The
informal working group was formalised after the adoption of the strategy and is now the ‘Interministerial
Working Group on Adaptation Strategy’ (IMA Adaptation). Nearly all Federal Ministries are represented in
the working group in order to further develop the German Adaptation Strategy and to successfully
coordinate the cross-sectoral cooperation among the participating ministries. The implementation of the
strategy takes place within the framework of action plans, while implementation developments are
reported regularly in the context of progress reports. The latest progress report was published in 2015 and
sets out key activities for the energy sector, it refers to institutions, networks and climate service suppliers
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and gives insights into the developments of climate impact research and current and future sector-specific
climate vulnerabilities.
The National Strategy for the Protection of Critical Infrastructures (KRITIS) was published in 2009. There
exists strong agreement between the objectives of the German Adaptation Strategy and the National
Strategy for the Protection of Critical Infrastructures, in particular with regard to the reduction of
vulnerability as well as to maintaining and increasing the adaptability of critical infrastructures to extreme
weather events. Additionally, a guidance document for companies and public authorities was published in
2011. The guidance document lays out possible steps for the analysis of risks and crises and how to manage
subsequent scenarios. Both documents – the National Strategy for the Protection of Critical Infrastructures
and the guidance document for companies and public authorities – are not specifically prepared for critical
energy infrastructures. They also do not provide any references to climate services.
Another example for the strong political commitment to adapt to climate change is the establishment of
the ‘Climate Service Center Germany’ (GERICS) in 2009. GERICS was initiated by the German Federal
Government as a fundamental part of the ‘German High-tech Strategy for Climate Protection’. As the first
national Climate Service Center worldwide it works transdisciplinary, develops prototypes of climate
services and offers in a scientifically sound manner products, advisory services and decision-relevant
information in order to support government, administration and business in their efforts to adapt to
climate change.
Besides that, several national web portals have been established in order to make information on climate
change, climate impacts and options for adaptation to climate change publicly available, such as the the
‘Regionaler Klimaatlas5’ (2010), the ‘Klimanavigator6’ (2011) and ‘Deutsches Klimaportal7’ (2012).
In 2015, the ‘Deutscher Klimadienst’ (DKD8) was established at the National Meteorological Service. It is a
network of agencies and offices, which provide long-term hydrometeorological climate information and
climate services on an operational basis. By establishing the Deutscher Klimadienst, the German
Government has taken the step to implement the Global Framework for Climate Services (GFCS) at the
national level. In order to offer a broad application-oriented concept for adaptation to climate change in
Germany, it is intended to complement the Deutscher Klimadienst in the medium term with services for
adaptation to climate change. ‘KlimAdapt’, established at the Umweltbundesamt, will provide these
services.

5

More information can be found here: http://www.regionaler-klimaatlas.de
More information can be found here: http://www.klimanavigator.de
7
More information can be found here: http://www.deutschesklimaportal.de/EN/Home/home_node.html
8
More information can be found here: https://www.dwd.de/DE/klimaumwelt/dkd/dkd_node.html
6
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6.2 Collaboration with Climate Service Suppliers
The German Adaptation Strategy – its progress reports and action plans – broadly encourage collaboration
between climate service providers and actors from various sectors. Additionally, the ‘Deutsche
Klimaportal‘ is meant to support the collaboration and networking between climate service providers and
users, and also suggests specific climate service providers for different sectors, such as the energy sector.
Still, more collaboration is needed on the ground, for example between energy networks and climate
service suppliers. Energy networks usually consist of a large number of members and enterprises from the
energy sector to which they provide information on developments within the sector and on possible
mitigation and adaptation actions. As research on three large German energy networks unveils, however,
none of these three networks collaborates with a climate service provider, and none of them even mention
climate services on their website. This marks an unused possibility to connect and reach out to 2.600
companies of the energy sector in total.

6.3 Technology
The energy technology industry in Germany has been influenced by the political goal of ensuring that by
2050 80 % of the electricity produced in the German market will be generated from renewable energy. Grid
operators are required to purchase a certain amount of electricity from renewable energy sources first
before they feed in electricity generated from non-renewable sources (Grigoleit & Lenkeit, 2012).
Therefore, the energy industry is increasingly focussing on alternative sources of energy and related
technologies; pushing the market for innovation further. Remaining challenges are systematic solutions for
the integration of new energy supply technologies, new grid technologies, energy storage and sector
coupling. Another challenge and goal is to step up digitalisation in the energy sector. In order to do so, the
Federal Government is fostering the energy infrastructure, by creating intelligent networks and energyefficient technologies and has set up a dedicated research programme9. Technologies to adapt to the
vulnerabilities mentioned in chapter 2.3 exist but are cost-intensive, e.g. cooling systems that make thermal
power plants independent from fluvial waters. As long as regulations or building standards do not require
implementing these measures, it will remain a (economically driven) decision for private firms whether to
implement them or not.

6.4 Research and Knowledge
The climate-related research landscape in Germany has a long history and is world-leading. Nevertheless,
most research into energy and climate change in Germany focuses on climate change mitigation, and less
on vulnerability and adaptation to climate change. Also the majority of energy networks focuses on
providing information on mitigation and climate protection measures.

9

http://www.bmwi.de/Navigation/DE/Themen/energieforschung.html

December 2017

Page 31 of 44

CS for Critical Energy Infrastructures
Research is conducted at universities – of which some have clustered their climate-related research
activities in ‘competence centres’ – but also in four well-known extramural research organisations
(Helmholtz Association of German Research Centres (HGF), Max Planck Society (MPG), FraunhoferGesellschaft (FhG) and Gottfried Wilhelm Leibniz Science Association (WGL)). There also exist non-profit
research centres working on climate change mitigation or adaptation respectively. Consequently, research
activities include the full range of topics relevant for climate change, including global and regional climate
modelling as well as physical and socio-economic impacts modelling. Several high-performance computing
facilities are located in Germany, of which one is dedicated to climate research. Additionally, Germany is
engaged in European and international initiatives and programmes for data collection and storage, climate
modelling, and coordination of research activities.
In the field of forward-looking energy technologies the German government supports research and
development through its 6th Energy Research Programme. This programme is a strategic element of the
Federal Government’s energy policy that aims to support continuous research and innovation of
technologies for the energy supply of tomorrow. Altogether, however, not many energy-centred research
projects exist. Energy topics are often part of cross-sectoral projects.

7 Conclusion and Recommendations to Enhance Climate Service Take-Up
While in Germany the framework conditions for climate service take-up are good, the current knowledge of
– and demand for – climate services is assessed as being low in the electricity subsector. Given this main
finding, 4 recommendations can be given to enhance climate service take-up in the future. These
recommendations are based on the results of all analyses carried out under this deliverable: (1.) the
sectoral and regional analysis, (2.) vulnerability analysis, (3.) value chain analysis, (4.) the stakeholder
mapping, (5.) market quantification, (6.) the results obtained through the interviews as well as (7.) the
results gained through the analysis of framework conditions summarised in the following.
Problem 1:

Companies of the electricity subsector have low awareness of climate services.

Solution:

Companies should be supported in receiving the knowledge that a market for climate
services exists. For this propose it is needed to broadly raise awareness at the
European, national, regional and local level. Since actors actively engaged in the energy
sector use weather services, the National Meteorological Services should play a key
role. They should be addressed when trying to develop and increase awareness on the
benefits climate services can provide.

Supported/

− European, national, regional and local institutions

Implemented by

− National Meteorological Services, climate service providers
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It could be illustrated that the electricity subsector lacks awareness about the differences between climate
services and weather services. As research within MARCO unveils, this also applies to other sectors, e.g. the
manufacturing sector (D4.6). The results of the SECTEUR project (D2.1) – a part of the Copernicus Climate
Change Service (C3S) – also demonstrates that participants in various sectors are not aware of climate
information being available (28 % of non-climate service users). It is therefore recommended to broadly
and quickly engage the sector to raise awareness at all levels. Only with appropriate knowledge about the
benefits climate services can provide, the companies’ individual climate-related risks can be identified and
adequate adaptation measures can be developed and applied. This benefits society as a whole.
In the case of energy, society depends on supply security in order to maintain its functioning. Since supply
security can be easily disrupted due to the interdependent nature and cross-border dimension of critical
energy infrastructures, its protection from climate-induced threats by means of adequate climate services
is of even more importance. Both the interdependent nature and cross-border dimension illustrate, a
disruption of energy supply will not stop at borders and will not affect a single sector only. This means that
a broad range of actors has to get engaged in processes of awareness-raising and education about climate
services, at the European, national and regional level as well as across sectors. In this respect, the European
Union has already taken several actions in its current research framework Horizon 2020 to support
sustainable growth on the climate services market; among others demonstration calls on the added value
of climate services (SC5-01-2016-2017), the ERA-NET for Climate Services (SC5) or coordination and support
actions aiming at networking (SC5). However, not only the climate service community, but future users of
climate services in particular must be addressed. Building up a climate services market necessarily means
that potential purchasers know this market exists. Therefore, an enhanced target-oriented cooperation
between European institutions, national and regional authorities, national weather services, climate service
providers, research, and also energy networks and companies should be considered to mainstream climate
services on the ground. This would include that the climate service community opens up more widely to
possible users of its services.
Problem 2:

Electricity subsector firms know little about who provides climate services nor where to
find services appropriate to their needs.

Solution:

A ‘Climate Service Provider Store’ should be set-up where all climate service suppliers
are listed. With an integrated search function, companies could identify the right
climate service provider close to their location. This ‘Climate Service Provider Store’
could be connected to the Climate Data Store of C3S at the European Level. At the
national level, a ‘Climate Service Provider Store’ could be connected to the
corresponding ministry responsible for climate change mitigation and adaptation
action.

Implemented by

− European institutions in cooperation with Member States
− National Ministries responsible for climate change mitigation and adaptation action
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If an energy company decides to purchase a climate service for the first time, it will most likely have to
search where and from whom it might obtain the right service for its needs. Earlier research demonstrated
that a large amount of very different climate service providers exists already, including national
meteorological services, climate service centres, consulting companies or research institutions (EU MACS
D1.1). Research conducted within MARCO’s WP4 (D4.2) even identified 188 major suppliers of climate
services across the 28 countries of the EU. With this amount of possible suppliers, and their different focus
areas and expertise, it becomes obvious that it might indeed not be easy to find the right supplier and
service for one’s needs.
In this respect, it is recommended to set-up a ‘Climate Service Provider Store’. The EU is already about to
set-up a Climate Data Store under C3S. This will most likely contain the geophysical information needed to
analyse climate change indicators in a consistent and harmonised way. It will also combine the functions of
a distributed data centre with a set of services and facilities for users and content developers. So, the
Climate Data Store could be the right framework to integrate a tool such as a Climate Service Provider Store
at the European level. Climate services are much more than data, however. To be of most use for its
purchasers they should be further tailored. They can come in the form of analysis tailored to particular user
needs, or as a purpose-made strategy helping energy companies to adapt to climate change. These services
cannot just be received via a data store because experts are needed to provide the right analysis or to
develop the right fitting strategy for companies, dealing with individual circumstances or problems.
A Climate Service Provider Store could list all climate service suppliers out there. With an integrated search
function potential users could for example identify more easily the right expert close to their own location.
But the set-up of such a Climate Service Provider Store only makes sense going hand in hand with raising
awareness on climate services generally. It is not meant to be for the climate service community itself but
for energy facilities, or companies from other sectors or authorities with a demand for climate services.
Therefore, all these possible users should also know about the benefits of climate services and about the
support a Climate Service Provider Store could offer. Adaptation to climate change is considered to be a
global, cross-sectoral, societal challenge, therefore society should also be given the opportunity to easily
find the right service it needs in order to actually adapt. Thus, by means of a Climate Service Provider Store
it could be possible to increase adaptation action on the ground, to produce transparency and to enhance
competitiveness as well as cooperation within the EU, its Member States and regions. In this regard, it is
recommended to not only establish a Climate Service Provider Store at the European level but also – and
probably even more importantly – at the national level, connected to the corresponding ministry
responsible for climate change mitigation and adaptation action.
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Problem 3:

Electricity subsector firms have a huge demand for decadal climate predictions but
data lack reliablity.

Solution:

Research in the field of decadal climate predictions should be increased and funding
enhanced.

Implemented by

European and national research funding institutions

Since energy facilities and networks are capital-intensive and long-lived as outlined before, it is essential to
consider climate-induced threats as of the very beginning of the value chain: the planning of power and
generating plants. During the planning phase undertaken by architects and engineers longer-term
predictions are needed for the reliable planning of various aspects, e.g. static. Also at later stages of the
value chain – generation of power, transmission and distribution of power – longer-term predictions are of
importance in order to enable the strategic planning of actors engaged in the capital-intensive energy
sector. Within this sector the time frame of strategic planning compromises usually 3 to 8 years. So, longerterm predictions such as decadal climate predictions are needed, which should urgently become more
reliable. The climate community is already engaged in improving these predictions, but additional and
broader support might be needed given that reliable predictions are one of the most important aspects of
climate services. Through C3S the European Commission is already supporting the development of qualityassured information about the past, current and future states of the climate system, spanning also decades
and centuries. This means that up-to-date and scientifically proven decadal climate predictions will most
likely be publicly available for free soon. However, research on decadal climate predictions can be
considered a ‘young’ field of research: it is still growing. Therefore, efforts to more widely support it should
be increased by giving it the means it needs to develop. In doing so, the European Commission or national
research funding institutions would help to stabilise the basis on which scientifically sound and tailored
climate services stand and depend on. The more the reliability and quality of data improves, the better
climate services will be. And more reliable climate services again will subsequently lead to a higher take-up
of these services, as the results of the interviews show.
Problem 4:

Electricity subsector firms have low awareness of evolving climate-related risks. They
are engaged in energy networks but lack connections with climate service providers
which could inform them about upcoming risks and how to adapt.

Solution:

Cooperation between energy networks and climate service providers should be
mainstreamed in each region. Based on this cooperation energy networks could not
only provide general information on climate-related risks but build up the connection
between its members and climate service providers in order to enable tailored climate
vulnerability and risk analyses and purpose-made strategies to adapt.

Supported/

− National and regional institutions

Implemented by

− Energy networks and climate service provider
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Due to the combination of (1.) the low awareness of climate services existing and (2.) the low awareness of
evolving climate-induced threats within the German electricity subsector, it is recommended to
mainstream cooperation between energy networks and climate service providers in each region. This
recommendation is closely related to the first, but specifically concerns networks and suppliers. The
analysis of three big energy networks in the Federal States of Hamburg, Bremen and Schleswig-Holstein
unveiled that none of these networks mentions climate services once on their websites. Additionally, some
do not even know the differences between weather and climate services and the benefits the latter can
provide. All together, these three networks consist of 352 members. One network even provides energyrelated information to 2.300 companies in addition. And all of them are used to regularly reach out to its
members to give them the possibility to connect and exchange knowledge and best-practises. These
networks should be of strategic importance for climate service providers and climate service providers
should be of importance for these networks. National or regional authorities could recommend
cooperation and help connecting both. This would not only increase the knowledge of climate services
existing. It would give climate service providers the opportunity to more easily reach out to the sector. The
business sector is not easy to address, but sound cooperation between a network which represents it and a
regional climate service provider would enable access to high-level representatives. Consequently, the
energy sector could get better informed about evolving climate-related risks and possibilities to adapt.
Altogether, by considering all 4 outlined recommendations not only the energy sector, but all sectors and
companies using climate services would ultimately benefit. The climate service market is still in a
premature state in terms of connections between climate service providers and potential users. Better
connections seem to be the most essential measures to enhance climate service take-up, and which should
increase further if support for improving the reliability and quality of data is given granted.
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Appendices
Table 5: Statistical Classification of the Energy Sector
Statistical Classification of Economic Activities in the European Community (NACE), Rev. 2 (2008)
Section

Division
Group

Name

05

Mining of Coal and Lignite
05.10
05.20

06
06.10
06.20

B
07

07.21
08
08.92
09
09.10
19
C

19.10
19.20
35

Mining of Hard Coal
Mining of Lignite
Extraction of Crude Petroleum and Natural
Gas
Extraction of Crude Petroleum
Extraction of Natural Gas
Mining of Metal Ores
Mining of Uranium and Thorium Ores
Other Mining and Quarrying
Extraction of Peat
Mining Support Service Activities
Support Activities for Petroleum and
Natural Gas Extraction
Manufacture of Coke and Refined
Petroleum Products
Manufacture of Coke Oven Products
Manufacture of Refined Petroleum
Products
Electricity, Gas, Steam and Air Conditioning
Supply

35.1 Electricity
35.11
35.12
35.13
35.14
D

35.2
35.21
35.22
35.23
35.3
35.30

Production of Electricity
Transmission of Electricity
Distribution of Electricity
Trade of Electricity
Gas
Manufacture of Gas
Distribution of Gaseous Fuels through
Mains
Trade of Gas through Mains
Steam and Air Conditioning
Steam and Air Conditioning Supply

Turnover in Mio
EURO, 2014

Nr. of Persons
Employed, 2014

EU
DE

11 783.6
2 271.2

EU
DE

177 143
20 164

EU
DE

146 325.6
3 259.2

EU
DE

79 131
3 972

EU
DE

1 749.4
412.6

EU
DE

11 622
2 015

EU

18 764.0

EU

57 497

EU
DE

557 103.4
131 075.1

EU
DE

117 892
22 593

EU
DE
EU
DE
EU
EU
EU
EU
EU
DE
EU
EU

1 478875.8
560 482.1
1 185 837.6
499 439.1
325 816.4
69 990.7
241 043.1
548 987.3
256 721.0
54 396.0
5 779.6
56 992.2

EU
DE
EU
DE
EU
EU
EU
EU
EU
DE
EU
EU

1 230 152
228 179
937 829
203 101
446 326
54 825
339 317
97 360
148 589
14 174
7 241
99 993

EU
EU
DE
EU
DE

193 935.5
36 317.2
6 646.9
36 317.2
6 646.9

EU
EU
DE
EU
DE

41 344
143 734
10 904
143 734
10 904

Source: European Commission (2017) and Eurostat’s ‘Statistical Classification of Economic Activities in the European
Community’ (NACE), Rev. 2 (2008)

December 2017

Page 40 of 44

CS for Critical Energy Infrastructures
Table 6: Climate Service Providers specialised in the Field of Energy in Germany
(not exhaustive)
Number

Organisation’s Name

1

Adelphi

2

Allianz Climate Solutions GmbH

3

Arbeitsgruppe für regionale Struktur- und Umweltforschung GmbH (ARSU)

4

Beratungs- und Service-Gesellschaft Umwelt mbH

5

BioConsult Schuchardt & Scholle GbR

6

Bosch & Partner GmbH

7

Büro für Umweltbewertung

8

Climate & Environment Potsdam GmbH (CEC)

9

Climate Risk Analysis

10

Climate Service Center Germany (GERICS)

11

Climonomics

12

Competence in Ports and Logistics (CPL)

13

Deutsches Komitee Katastrophenvorsorge e.V. (DKKV)

14

DIALOGIK GmbH

15

Ecologic Institut

16

FutureCamp Climate GmbH

17

GALLEHR+PARTNER

18

HAW Hamburg

19

Helmholtz-Zentrum für Umweltforschung GmbH - UFZ

20

Helmholtz-Zentrum Geesthacht

21

Helmholtz-Zentrum PotsdamDeutsches GeoForschungsZentrum GFZ

22

Hessen Agentur GmbH

23

Institut der deutschen Wirtschaft Köln

24

IÖW Institut für Ökologische Wirtschaftsforschung

25

Karlsruher Institut für Technologie

26

klima-allianz deutschland

27

Klimaplattform

28

Landesamt für Umweltschutz Sachsen-Anhalt

29

Leibniz-Institut für Troposphärenforschung (TROPOS)
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30

Ministerium für Landwirtschaft, Umwelt und Verbraucherschutz Mecklenburg-Vorpommern

31

Ministerium für Umwelt, Gesundheit und Verbraucherschutz des Landes Brandenburg

32

Ministerium für Wirtschaft, Klimaschutz, Energie und Landesplanung

33

Munich RE

34

Öko-Institut

35

Potsdam Institute for Climate Impact Research

36

Rheinland-Pfalz Kompetenzzentrum für Klimawandelfolgen

37

UDATA Umweltschutz und Datenanalyse

38

Umweltbundesamt

39

United Nations University

40

Universität Kassel

41

WSP Environment & Energy Services

42

Zentrum für Umweltkommunikation

Orange font shows organisations, which look further from the core of climate services but may well pertain to
connected regions 'in the box' of the broader perimeter MARCO has agreed to explore in the project. What they
provide as services relevant to climate is not clear from their websites. These organisations would reflect the example
of risk assessments.
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Table 7: Table of Interviewees
Last Name

First Name

Gender

Position

Organisation

NUTS 2

Averdung

Sebastian

Male

Chief Executive Officer

Averdung
Ingenieurgesellschaft mbH

DE60

Brauer

Thomas

Male

Manager for Innovation
and Marketing

HanseWerk AG

DEF0

Findeisen

Andreas

Male

Project Manager for
Innovation Management

Erneuerbare Energien
Hamburg Clusteragentur
GmbH (EEHH)

DE60

Anonym

Anonym

Anonym

Anonym

Anonym

Anonym

Table 8: Table of Invitees
Amount of
companies invited
35

NUTS 2

Period of Contact

Type of Contact

DE60
DEF0

24 June 2017 – 23 September 2017

−
−

36

DE60
DEF0
DE50
DE73

31 July 2017 – 23 September 2017

−
−

Email
Phone call
(partly)
Email
Phone call
(partly)

Frequency of Contact
Initial invitation and
up to 2 reminder
Initial invitation and
reminder

à 71 companies invited in total
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Table 9: Climatically Sensitive Dependencies
Industrial
Sector/Subsector or
Activity

NACE

Subsector
Electricity

D 35.1

Economic
Rank of
Sector

Dependency on Climatically Sensitive Infrastructure and Systems (CSIS)
Large
Fixed
Assets

Transport

Water

Other
(climatically
sensitive
raw
materials)

Market
Demand

Energy

Ecosystem

Scoring:
Red
Highly dependent on Climatically Sensitive Infrastructure and Systems (CSIS) for majority of sector's core activities.
Short-term disruption could cause an interruption in business continuity.
Orange
Moderate dependency on CSIS for majority of sector/activity's core activities. Several aspects of the business's
operations along the value chain are liable to be significantly interrupted.
Green
Low dependency on CSIS for the operation of sector's core activities. Business continues to function during CSIS
disruption.

Note: The level of dependency on climatically sensitive infrastructure and systems depends on the source of energy
and differs depending on the source used, e.g. renewable versus non-renewable energy.
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