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Executive Summary

The aim of this task was to identify the
most appropriate measures on the EU
level to address the threats identified
under task 1. A final selection of measures
to be assessed with a view to their costs
and economic, social and environmental
impacts was agreed at the first interim
meeting with the Commission. Measures
already part of EU wide assessment
projects were no part of the assessment.

In a first step (task 2.1) key policy areas
have been screened to identify adaptation
measures. The aim of this task was
twofold. To screen the EU key policy areas
with a specific focus on policy areas where
currently no or little adaptation efforts have
been made (e.g. energy, transport and
agriculture policies) regarding their ability
to deal with climate change impacts (=
climate proofing).

Adaptation should not be performed
decoupled from existing policies (e.g.
legislation, funding systems). Thus,
relevant instruments in place for the key
policy areas mentioned above have been
reviewed in the first step to understand to
what extent adaptation considerations are
already addressed in the existing policy
framework.

To address the threats identified under
task 1, existing policies have been proofed
to be partly insufficient to handle the
adaptation needs and thus, the inclusion
of new measures into existing policies was
required. Based on the review of existing
measures suitable for climate change
adaptation in key policies and interviews
with EC key representatives, further
measures necessary to respond to the
impacts of climate change as well as
adjustments of existing measures have
been identified, also considering possible
supportive actions for “climate proofing”
(i.,e. through elaborating guidelines,
establishing funding provisions). These

measures have been described in detail
(e.g. aim and objective, responsibilities,
time frame). The compilation of adaptation
measures was built on a comprehensive
literature review.

The outcome was a matrix of measures
indicating the EU policy areas vis-a-vis
corresponding measures. While not going
into detail on the way of implementation,
the outcome of task 2.1 included a first
assessment of whether accompanying
measures can be established to support
“climate proofing” of existing EU legislation
(e.g. guidelines, funding instruments) or
whether legislative adjustments and new
instruments would need to be
implemented. A final selection of
measures agreed with the Commission
was further processed in terms of costing
(task 2.2) and the assessment of impacts
(task 2.3).

These two subtasks have been performed
in close connection to each other: The
costing of key measures was fed into the
assessment of economic impacts and
costs/benefits, while the assessment of
social and environmental impacts was
introduced into the costing task to the
extent that these can be expressed in
monetary values.

The assessment did not only consider the
adaptation effects of measures, expressed
in terms of reduced vulnerability and net
impacts, but also other criteria, e.g. those
distinguished by the UNECE (2009) have
been taken into account in a qualitative
fashion
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1 Introduction and aim of the report

The aim of this task is to ascertain priority concerns for further action through opposing
current EU efforts to threats identified under task 1 and suggest complementary options
(cf. task 2.1) for the following four sectors:

=
=
=
=

Energy
Transport infrastructure
Urban areas and

Agriculture

A final selection of most appropriate measures that address major threats has been
assessed with a view to their costs and economic, social and environmental impacts (cf. task
2.2. and 2.3). Measures already sufficiently covered by EU wide assessment projects or
other relevant studies/projects will be clearly referenced but not further analysed under this

task.

2 Methodology

2.1 Task 2.1

In order to suggest appropriate measures that best address the threats identified in task 1,
the following approach was used:

< Step 1: In-depth analysis of current EU policies for each of the four sectors addressed

in task 2 (energy, infrastructure and transport, urban areas, agriculture)

e Detailed analysis of current EU policy efforts based on the screening
results presented in the task 1 report and further investigations for each
sub-sector (identifying direct references to climate change impacts and
adaptation)

o Refinement of the impact table (cf. task 1 report) with additional
information from literature research for each sub-sector

For each sub-sector (e.g. in case of infrastructure and transport: rail, road etc.):

> Step 2: Gap analysis assessing current EU policies and their projected effects to

address major climatic risks

e Comparison of current EU policy efforts vis-a-vis major threats identified

e Identification of threats that are at present not or not sufficiently
addressed by EU action

< Step 3: Exploration of possible adaptation measures for the sub-sector

e Compilation of measures based on literature research and expert
judgment (in regard to EU competency):

1



(i) analysing existing work done on adaptation measures
(ii) screening relevant EU projects focusing on adaptation measures
(i) analysing national adaptation strategies and Good-Practice-Examples
e Categorization of measures (based on Impact Assessment
accompanying the White Paper on Adaptation):

Technical measures

Regulation and standards

. Capacity building

. Communication/Awareness raising

Guidelines

EU financing scheme

> Step 4: Exploration of policy options for the EU level for the sub-sector

TMOO® >

Step 4a:
e Analysis of existing policies in regard to explore possibilities for
mainstreaming adaptation:
(i) sector-specific policies (e.g. transport)
(i) sub-sector-specific policies (e.g. rail, road, aviation, shipping)
(iii) sector-related policies (e.g. GNSS Applications)

e Highlighting “entry points” for adaptation

e Suggestions for mainstreaming adaptation in existing policies by taking
up adaptation measures collected in Step 3
Step 4b:
e Developing options for additional policy action
2 Step 5: Suggestion for the selection of key measures to be further assessed in terms
of costing and impacts (task 2.2 and 2.3)

The final selection of key measures has been discussed on July 4th with DG CLIMA
and representatives from DG MOVE and DG AGRI. In order to get more detailed
feedback summary tables of all potential measures have been distributed within the
Commission. As a basis for the selection of key measures to be further assessed an
estimate for each measure has been enquired along the following criteria: (i) Urgency
with respect to already existing threats, (ii) Practicability for implementation on
relevant timescales, (iii) Robustness under a range of likely future projections, (iv) EU
relevance and potential market failure. Feedback has been included into the revision
of the sector analysis and led to a selection of key measures for further assessment
under task 2.2 and 2.3.

2.2 Task 2.2

In Task 2.2, the key adaptation measures identified earlier in Task 2.1 are analysed in depth
regarding their costs. Therefore, in general the following approach has been pursued.
Additional topic-specific aspects of the methodology are described in the respective sections
in chapter 4.

For each selected sector:




2 Step 1: Perform a literature review on bottom-up case studies focusing on adaptation
costs. The following aspects are collected:

» Regional coverage

= smallest spatial unit

» underlying CC scenarios

= time frames

* important assumptions

» adaptation measures

= all information on adaptation costs

* important cost drivers

= peer reviewed or not
S Step 2: Extraction of important cost information:

= e.g. unit costs per km / inhabitant / km?/ city

= calculate costs in €/yr

= comparison of unit costs from different sources
2 Step 3: Transfer of unit costs to EU-level

» dependent on data availability: either on MS-level or on NUTS2-level

» as far as feasible: taking account of cost drivers and differences in unit
costs in Europe

= partly, experts have been interviewed for confirmation of parameter
assumptions and additional needed cost information

2 Step 4: Cost-sharing

= rough indication of relevant actor who has to bear the costs, given the
current legislation (public or private, private households or firms)

2.3 Task 2.3

For the adaptation measures identified in Task 2.1. a general impact assessment was
provided. As part of the impact assessment the benefits of the adaptation measures were
analysed and cost-benefit ratios were estimated.

> Step 1: Literature review on relevant studies which focus on impacts of adaptation measures,
special focus on studies with estimation of benefit aspects
e Analysis of literature with focus on adaptation -> impacts of
adapation measures, especially benefits (estimated benefit
components with basic conditions, e.g. climate scenario, timeline,
etc.)

> Step 2: Conducting Impact assessment along the established criteria set



= (Criteria set contains four criteria categories: Basic information, Effectiveness,

Efficiency, Side effects

= Sub-categories (described in the following table) were analysed on the basis

of the literature review:

Compiled Criteria-Set for Impact Assessment

Criteria

Sub-criteria

Explanation of sub-criteria

Basic information

Policy area

With which policy area is the measure associated?

Type of measure

Does the measure support adaptation in terms of reducing
impacts, reducing exposure, enhancing resilience and
adaptive capacity (including increasing awareness of
adaptation needs and options), or enhancing opportunities?

Effectiveness of adaptation

Relevance
Relevance of the How important is the climate change threat addressed by the
measure measure? (What economic values, ecosystem functions and
socio-cultural values are at stake, and to what extent are
they affected by climate change impacts? Is there an
indication of overriding public interest, e.g. critical
infrastructures, public health — to be informed by Subtasks
1.2/1.3)
Avoided damage What portion of the targeted potential damages can be
avoided by implementing the measure?
Windfall profit Would or at which part would private stakeholders
implement the measure autonomously?
Dynamic incentive Does the measure initiate further activities for adaptation to
climate change?
Scope of effect At which spatial level does the measure have an effect?
Urgency
Timescale At what timescale does action need to be taken?
Time-lag How long is the time-lag between implementation of the
adaptation measure and the effect of the measure?
Timeframe for What is the timeframe during which the measure will have an
measure (lifetime) effect?
Interactions between

adaptation measures

Interactions

Does the measure affect other sectors or agents in terms of
their adaptive capacity?

Flexibility

Regret/no-regret

Does the measure contribute to overall sustainable
development, alleviate already existing problems and bring
benefits for other social, environmental or economic
objectives than adaptation?
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Scenario-variability Is the measure effective under different climate scenarios
and different socio-economic scenarios?

Potential for Can adjustments be made later if conditions change again or
adjustments if changes are different from those expected today?

Efficiency/ costs and benefits

Cost/benefit-ratio How hight are the benefits of the measure relative to the
costs? Are the costs justified by the benefits

Administrative What are the costs of the adminstrative implementation of
burden the measure?

Side effects

Economic side effects
Effect on Does the measure give an incentive for innovation / can it
innovation and deliver a competitive advantage for the EU economy?
competitive
advantage
Effect on Does the measure have effects on employment?

employment

Environmental effects

Synergies with Does the measure create synergies with mitigation (i.e.
climate mitigation reduce GHG emissions or enhance GHG sequestration)?

Positive effects on Does the measure have positive or negative effects on the
biological diversity conservation of biological diversity (other than directly
intended as an adaptation effect)?

Positive effects on Does the measure alleviate or exacerbate other

other environmental pressures?
environmental
pressures
Socio-economic effects
Distributional What are the impacts on different social or economic groups,
impacts are there expected impacts on particularly vulnerable
groups?

Effects on well- Does the measure enhance well-being and quality of life (e.g.
being and quality inthe urban environment)?

of life
Stakeholder How does the measure enable or restrict stakeholder
involvement involvement and public participation in decision-making

processes?

S Step 3: Analyses of benefits of the adaptation measures (as part of impact assessment)

Overview of existing benefit components

Estimation of quantitative benefit parts: benefit under climate change
scenarios, transfer of information for different EU countries (dependent on
data availability different assumptions for country adjustments necessary)
Analysis of qualitative benefits



= Establishing of cost-benefit-ratios, together with cost data from Task 2.2



3 Task 2.1: Screen key policy areas and identify a
daptation measures (EAA)
3.1 Energy

3.1.1 Analysis of current EU policies towards climate change adaptation
efforts

The results from the screening of key policies for the energy sector have been presented in
the Interim Report Task 1 (version from 13.04.2011; cf. page 88, xIs-file added).

For task 2.1, energy policies and identified climate change impacts for this sector have been
further assessed. In addition to the first screening under Task 1, two relevant green papers
have been identified and added (Green paper: A secure, sustainable and competitive
European energy network COM(2008) 782; Green Paper. A European strategy for
Sustainable, Competitive and Secure Energy).

The following overview provides insights if or how climate impacts and risks are addressed in
existing policies for the energy sector. It can be concluded that adaptation is not at all
mentioned in directives, regulations or standards for the energy sector. The only general
references to climate change adaptation so far can be found at the level of green papers (cf.
below).

EC directives, regulations and decisions on fossil fuels are not depicted below since not
tackled here in terms of adaptation. A quick screening of related policies also did not show
any references to adaptation.

With respect to cohesion policy, pertinent funding schemes might become accessible for
adaptation measures in the energy sector.

Focus on Networks:

e Requlation (EC) No 67/2010 of the European Parliament and of the Council of
30 November 2009 laying down general rules for the granting of Community
financial aid in the field of trans-European networks®

No reference to adaptation

e Regulation (EC) No 680/2007 of the European Parliament and of the Council of 20
June 2007 laying down general rules for the granting of Community financial aid in
the field of the trans-European transport and energy networks (TEN Financial

Regulation)?

! http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=0J:L:2010:027:0020:0032:EN:PDF.

2 http://tentea.ec.europa.eu/download/legal framework/8 _regulation 6802007.pdf.



http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2010:027:0020:0032:EN:PDF
http://tentea.ec.europa.eu/download/legal_framework/8__regulation_6802007.pdf

No reference to adaptation

e Decision No 1364/2006/EC of the European Parliament and of the Council of 6
September 2006 laying down quidelines for trans-European energy networks?

No reference to adaptation

e Green Paper on a secure, sustainable and competitive energy network (COM(2008)

782)°
Addresses adaptation:
< p8: Related to this, the implications of climate change for Europe's energy networks, for

example the positioning of plants, power lines and pipelines, need to be taken into
account.
e Commission requlation (EU) 838/2010 and 774/2010 on transmission charging®

No reference to adaptation

e Directive 2009/72/EC of the European Parliament and of the Council of 13 July 2009
concerning common rules for the internal market in electricity®

No reference to adaptation

e Regulation (EC) No 714/2009 of the European Parliament and of the Council of
13 July 2009 on conditions for access to the network for cross-border exchanges in

electricity’
No reference to adaptation

e Directive 2005/89/EC of the European Parliament and of the Council of 18 January
2006 concerning measures to safequard security of electricity supply
and infrastructure investment®

No reference to adaptation

e REGULATION (EC) No 713/2009 OF THE EUROPEAN PARLIAMENT AND OF THE
COUNCIL of 13 July 2009 establishing an Agency for the Cooperation of Energy

Regulators’®

No reference to adaptation

Focus on Supply:

® http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=0J:L:2006:262:0001:0001:EN:PDF.

* http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=COM:2008:0782:FIN:EN:PDF.

*http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=0J:L:2010:250:0005:0011:EN:PDF and http://eur-
lex.europa.eu/LexUriServ/LexUriServ.do?uri=0J:1.:2010:233:0001:0006:EN:PDF.

® http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=0J:L:2009:211:0055:0093:EN: PDF.

7 http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=0J:L:2009:211:0015:0035:EN:PDF.

8 http://mwww.energy.eu/directives/|_03320060204en00220027.pdf.

® http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=0J:L:2009:211:0001:0014:EN:PDF.



http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2006:262:0001:0001:EN:PDF
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=COM:2008:0782:FIN:EN:PDF
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2010:250:0005:0011:EN:PDF
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2010:233:0001:0006:EN:PDF
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2010:233:0001:0006:EN:PDF
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2009:211:0055:0093:EN:PDF
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2009:211:0015:0035:EN:PDF
http://www.energy.eu/directives/l_03320060204en00220027.pdf
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2009:211:0001:0014:EN:PDF

Green Paper on a sustainable, competitive and secure energy (COM(2006) 105)*°

Addresses different demand patterns where European citizens have to adapt:

< p4: Access to energy is fundamental to the daily lives of every European. Our citizens
are affected by higher prices, threats to the security of energy supply and changes to
Europe’s climate.

< And in general terms at p5: Sustainable development. How can a common European
energy strategy best address climate change [not clear if adaptation is meant here],
balancing the objectives of environmental protection, competitiveness and security of
supply? What further action is required at Community level to achieve existing targets?
Are further targets appropriate? How should we provide a longer term secure and
predictable investment framework for the further development of clean and renewable
energy sources in the EU?

Council Requlation (EU, Euratom) No 617/2010 of 24 June 2010 concerning the

notification to the Commission of investment projects in energy infrastructure

within the European Union™*

No reference to adaptation

Directive 94/22/EC of the European Parliament and of the Council of 30 May 1994 on
the conditions for granting and using authorizations for the prospection,
exploration and production of hydrocarbons?*?

No reference to adaptation

Requlation (EC) No 663/2009 of the European Parliament and of the Council of
13 July 2009 establishing a programme to aid economic recovery by granting
Community financial assistance to projects in the field of energy®®

No reference to adaptation, but establishing important funding mechanisms that my
become relevant for adaptation (cf. part 3)

Requlation (EU) No 1233/2010 of the European Parliament and of the Council of
15 December 2010 amending Requlation (EC) No 663/2009 establishing a
programme to aid economic recovery by granting Community financial assistance
to projects in the field of energy™*

No reference to adaptation

Directive 2009/28/EC of the European Parliament and of the Council of 23 April 2009
on the promotion of the use of energy from renewable sources®®

0 http://europa.eu/documents/comm/green_papers/pdf/com2006 105 _en.pdf.

™ http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=0J:L:2010:180:0007:0014:EN:PDF.

12 hitp://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=0J:C:2010:157:0002:0004:EN:PDF.

13 http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=0J:L:2009:200:0031:0045:EN: PDF.

4 http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=0J:L:2010:346:0005:0010:EN:PDF.

15 http://eur-lex.europa.eu/LexUriServiLexUriServ.do?uri=0J:L:2009:140:0016:0062:en:PDF.
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http://europa.eu/documents/comm/green_papers/pdf/com2006_105_en.pdf
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2010:180:0007:0014:EN:PDF
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:C:2010:157:0002:0004:EN:PDF
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2009:200:0031:0045:EN:PDF
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2010:346:0005:0010:EN:PDF
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2009:140:0016:0062:en:PDF

No reference to adaptation
General:

e Fifth report on economic, social and territorial cohesion®

Reference to vulnerability (p118ff); direct reference to climate change adaptation!

2 p30: To improve financial engineering instruments within Cohesion Policy, a number of
measures could be examined:
extend both the scope and scale of financial engineering instruments: in terms of
scope, to encompass new activities (e.g. sustainable urban transport, research and
development, energy, local development, lifelong learning or mobility actions, climate
change and environment, ICT and broadband); in terms of scale, to combine interest
subsidies with loan capital or other forms of repayable financing.

S pl92: A budget of some EUR 92 billion was allocated to the EAFRD for 2007-2013...
This was increased by EUR 4,4 billion in 2009, in part by reducing the amount available
under the first pillar, in order to reinforce expenditure on climate change, ....”

2 p192: Reference to EC White paper on adaptation
e Conclusions of the fifth report on economic, social and territorial cohesion: the
future of cohesion policy (2010 642, finale)17

Reference to climate change

2 p2: “As indicated in the EU budget review?2, in particular progress needs to be made in
the following key areas: concentrating resources on the Europe 2020 objectives and
targets; committing Member States to implementing the reforms needed for the policy
to be effective; and improving the effectiveness of the policy with an increased focus on
results. The explicit linkage of cohesion policy and Europe 2020 provides a real
opportunity: to continue helping the poorer regions of the EU catch up, to facilitate
coordination between EU policies, and to develop cohesion policy into a leading
enabler of growth, also in qualitative terms, for the whole of the EU, while addressing
societal challenges such as ageing and climate change”.

2 COUNCIL REGULATION (EC) No 2012/2002 of 11 November 2002 establishing the
European Union Solidarity Fund*®

No direct reference

° COMMUNICATION FROM THE COMMISSION: Trans-European networks: Towards
an integrated approach {SEC(2007) 374}*°

18 http://ec.europa.eulregional policy/sources/docoffic/official/reports/cohesion5/index_en.cfm.

 http://www.consilium.europa.eu/uedocs/cms_data/docs/pressdata/EN/genaff/119400.pdf.

18 http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=0J:L:2002:311:0003:0008:EN: PDF.

9 http://ec.europa.eu/ten/transport/legislation/doc/com 2007 0135 sec 0374 en.pdf.
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http://ec.europa.eu/regional_policy/sources/docoffic/official/reports/cohesion5/index_en.cfm
http://www.consilium.europa.eu/uedocs/cms_data/docs/pressdata/EN/genaff/119400.pdf
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2002:311:0003:0008:EN:PDF
http://ec.europa.eu/ten/transport/legislation/doc/com_2007_0135_sec_0374_en.pdf

No direct reference

3.1.2 Gap analysis

Distribution and transmission networks (including storage)

The climate-related demands on the electricity distribution networks are triggered by the
following issues:

1. Direct climatic pressures as depicted in the impact table above

2. Demand peaks e.g. for more frequent heat waves (as indirect impact on the
distribution network)

3. The EU goal to promote renewable energy (overall share of 20% until 2020, cf.
directive 2009/28/EC) which means less reliable base loads and more variable
peaks in energy production (as impact of climate mitigation policy on the distribution
network)

4. Overall change in demand patterns due to e.g. population migration, change in
tourism (as indirect impact of climate change on the distribution network)

The gap analysis for the existing policies can be summarized as follows:

The term ‘tackling climate change’ (or similar) is referred to in many regulations, directives
and the two green papers on secure, sustainable and competitive energy and energy
network. In fact, this refers solely to mitigation efforts, but not to responsive measures
urgently needed to enhance climate change resilience for distribution and subsequently
securing supply.

Energy supply (including demand)

The supply of energy and the climate vulnerabilities thereof to which adaptation measures
have to be put in place in order to respond and secure reliable supply are:

1. Direct climatic pressures on supply facilities as depicted in the impact table above

2. Altered demand peaks e.g. due to more frequent heat waves or due to more electric
devices in consumer’s hands (all of which have to be met by supply i.e. the energy
production mix envisaged by the EU and MS)

3. The EU goal to promote renewable energy (overall share of 20% until 2020, cf.
directive 2009/28/EC) which faces less reliable base loads and more variable peaks
in electricity energy production that are not easily adjustable - also due to the climate-
induced changing demand patterns

4. Overall change in demand patterns due to e.g. population migration, change in
tourism (as indirect impact of climate change on the distribution network)

The gap analysis for the existing policies can be summarized as follows:

The term ‘tackling climate change’ (or similar) is referred to in many regulations, directives
and the two green papers on secure, sustainable and competitive energy and energy
networks. In fact, this refers solely to mitigation efforts, but not to responsive measures
urgently needed to enhance climate change resilience for distribution and subsequently
securing supply.

The urgent need to tackle climate adaptation becomes visible when looking at the yet most
common (and most important in terms of share of the total energy supply) renewable energy
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sources: these are the completely climate dependant sources provided by wind, running
water and solar irradiation.

We have excluded biomass energy and agrofuel from our analysis due to the following facts:

2 Biomass and agrofuel should be regarded as part of the agriculture/forestry sector,
since their production and vulnerability towards climate change is highly driven by
agriculture policy (e.g. subsidies or directives concerning mandatory share of agrofuel
in diesel and gasoline)

2 The potential of especially (1st generation) agrofuel to support the 20/20/20 goals is
currently highly controversial and thus an extension of at least agrofuel production is
guestionable

2 Biomass and agrofuel production compete with food production. Higher food prices
might also - purely market-based - lead to decreasing production and supply of
biomass and especially agrofuel

3.1.3 The components of the energy system

To get a coherent overview on climate impacts and recommended responses, it is useful to
distinguish between four parts of the energy system:

2 supply (including all energy production types)

2 energy networks (transmission and distribution)

2 demand (with the consumer responding to climate change by demanding
additional/less energy)

2 storage (as new envisaged part of the energy system especially responding to the
needs of expanding the share of renewables that are less suitable for base load)

Thus, the elaboration on adaptation measures is divided in two parts:

A. Distribution and transmission networks (which will include measures for storage as
part of the adaptation measures package) and for which the EU has a high political
responsibility through the TEN-E and coherence policy;

B. Energy supply (which will include measures for demand reduction/management as
smaller part for the adaptation measures package).

A. Distribution and transmission networks (including storage)

1. Impact Table:

The impact table provides a summary on climatic pressures and resulting risks for the energy
distribution networks. The summary is based on the results from the Interim Report of Task 1
from 13.04.2011 (chapter 4.7, including impact tables) but has been expanded by focusing
on specific threats to the energy distribution network.

The following chapters refer basically to the distribution and transmission of
electricity, since climate impacts on the gas distribution network seem much less
demanding and thus manageable by system operators.
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Table 3-1: Impact Table distribution and transmission networks

Climatic

pressures

Time frame
of expected
impact

Area
mainly
affected

Extreme high Decreased network capacity Medium EU-wide
temperatures negative
(2025) to
extreme
Primarily negative
electrical (2080)
transmission
networks Snow, icing, storms Increased chances on Medium NW-EU
damages to energy negative to
networks/blackout low positive
(2050)
Primarily Heavy precipitation = Mass movements (landslides, Time frame, Especially
electrical mud- and debris flows) magnitudes mountain-
distribution causing damages and ous regions
networks frequencies
uncertain
Ties of gas pipelines in
permafrozen ground cause
Primarily Melting permafrost  technical problems (this is Low for 2025  Arctic
Transmission touching only arctic supply and gradually  Eurasia
networks pipelines and not the East- increasing
(oil and gas) West gas pipelines, since the
latter ones are not grounded
in permafrost)
Higher Reduced throughput capacity
Primarily temperatures in gas pipelines
%t_orage gnd Storms in Threats to refineries and Low for 2025  EU-wide
istribution . . S
connection with coastal pipelines due to and gradually
high tides and SLR  SLR/high tide/storms increasing

2. Exploration of possible adaptation measures

Adaptation measures for the electricity distribution and transmission network responding to
climate change impacts still have a very thin base of available literature. NAS of EU
members states include adaptation in the energy sector - at least in 9 of the so far 12 existing
NAS -, but put emphasis on the supply side and build upon the specifics of countries' energy
supply mix and its vulnerabilities. Thus, scaling up of national experiences to EU level implies
major constraints - especially for energy networks.

Nevertheless, the EU has already instruments in place to integrate national networks into a
pan-European network, which allows for mainstreaming measures as described below
mainly into the following instruments:
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2 the Strategic Energy Technology (SET) plan including the European Energy Grid
Initiative (EEGI)

2 the European Network for Transmission System Operators (ENTSO) and
2 the European Distribution System Operators for Smart Grids (EDSO-SG)
2 the very recent setup of the Agency for the Cooperation of Energy Regulators (ACER)

The measures are grouped using categories based on the Impact Assessment
accompanying the White Paper on Adaptation (COM 2009).

Note: In our review, we have included storage measures as one part of the solution to
climate-proof the distribution of (electrical) energy.

A. Technical measures

1 Climate-proof the grid (cf. measure 13-15) by

a. Transmission: Installing additional network capacities with special focus on
volatile base load countries and regions with high potential and future
dependence on non-base load capable renewable energy sources ((e.g. North
Africa -> Solar Energy (cf. DESERTEC) or North Sea (offshore wind parks)
(cf. ENTSOE 2010)) [This measure refers to smart grid activities already
taking place (cf. e.g. EDSO-SG) which yet do not take into account the threats
climate change is posing to the security of supply through the stepwise
implementation of the renewable energy goals]

b. Transmission: Installing additional network capacities with special regard on
countries and regions with storage potential (e.g. Norway -> currently solely
pumped storage units) (cf. ENTSOE 2010)[Yet, water pumping storage
capacities have the highest efficiency]

c. Distribution: Making stronger use of electrical railway network to further
decentralize the distribution and transmission network (cf. measure 12) [This
measure would allow for a cost-efficient support of additional distribution
capacities urgently needed while decentralizing energy supply with small-
scaled facilities]

2 Transmission: Detect vulnerability hot spots (Williamson 2009) e.qg. in the overhead
transmission networks (cf. measure 16 and 18) towards monitoring of

a. Mass movements

b. Storms

c. Floods

d. Overheating (cf. measure 10)

3 Transmission: Install underground cables at vulnerability hot spots [expensive,
according to ZEW, costs may exceed 10times the costs of ordinary overhead
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transmission, also the conductivity of underground cables is limited due to fast warming
and additional cooling facilities needed]

Transmission: Expand aisles through forests to the degree necessary [controversial,
but in some explicitly storm-exposed regions possibly unavoidable]

Transmission/Distribution (depending on the scope of the measure): Put slope stability
measures into place (protective forests or technical measures)

Transmission/Distribution: Set up an early warning system (Williamson et al. 2009 and
Ebinger 2011 et al.) for energy shortcuts due to

a. High demand (e.g. during heat waves or cold spells -> overheating of the
network due to overuse)

b. Extreme events (storm, icing, hail) or periods (droughts -> low hydropower and
usually also wind power, heat waves -> overheating of the transmission
cables due to high temperatures)

(cf. measure 16)

Storage:

Install new storage facilities (pumped storage units) especially in regions with volatile
base load (Ibrahim et al. 2008)

Explore potential of other storage methods (e.g. H, or CH,) to build up in parallel to
expanding renewable energy share (Ibrahim et al. 2008, URS 2010)

Mid-term: Make use and maintain existing gas distribution network for CH, transmission
and storage, once SABATIER process (‘solar fuel’, or other biochemical methods) reach
industrial application/marketability [currently research is progressing fast on new
methods for electrolysis and methanising H, to CHyJ

B. Standards and regulations

Transmission:

10

11

12

Higher standards for overhead transmission cables with respect to increasing demands
by climate change (e.g. temperature increase) and energy demands (overheating) (cf.
measure 2.d)

Empower ACER to disentangle the distribution and transmission network and foster
competition of transmission system operators leading to enhanced investments in the
energy distribution and transmission networks [most of these measures have to be
financed by power suppliers/TSOs and should not be subject to public spending, only
co-funding as put forward in measures 21-23]

Foster