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Theworkd one i n t AlpStone:Shajeges to usé a variety of mobile and stationary storages

to allow for extended accessibility and the integration of renewable energies0 and t he est abl
and maintenance of this study receive funding fromthe Eu r o p e a n AlpimeiSpanedPsogramme
2007-2013,as a part of the "European Territorial Cooperation”.

The sole responsibility for the content of this publication lies with the author. It does not necessarily
reflect the opinion of the European Union. Neither the European Union nor the Member States of the
Alpine Space, is not responsible for any use that may be made of the information contained therein.
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1. Summary

Storage needs in the EU

Several countries in the EU have already achieved very high renewable energy (RE) rate in their
electricity supply though very few energy stores are installed in the EU in general. This is however
due to a relatively high hydropower and biomass contribution to RE electricity supply. In fact very few
countries in Europe have already high shares of intermittent RE generation from wind power and PV
plants. For this reason, they still can deal with the present level of intermittent generation without
major stores. One of the more comprehensive studies evaluating the need for storage in Europe®?
has investigated the case of a pure 100% RE electricity supply of the EU, MENA and central
European states with wind and PV power only. The main findings are:

9 Dispersed installation of PV and wind power plants is more cost-effective than concentration in
areas of high natural potential.

I The optimum wind-PV mix is about 67% wind and 33% PV for the investigated area on the
average.

1 About 900 GW new high-voltage direct current (HVDC) grid lines are required.

1 The need for long-term (seasonal) storage is much higher than the need for short-term storage
and the required energy storage capacity corresponds to about 10% of the annual electricity
consumption.

9 The overall electricity costs, taking wind and PV plants, new HVDC grid lines and stores into
account, amount to 11.9 ct/kwh. Wind and PV plants contribute 70%, stores 20%, and new
HVDC grid lines 10% to the costs. The extension of national grids and grid services are not
considered in the calculation.

The greater importance given to grid extension compared to storage in this study might be due to the
fact that grid operators were involved in its establishment. However, it reflects also a general
tendency of EU policy which emphases very much the integration of EU member state economies.

Storage in the wider EU policy context

The EU energy policy is embedded in a wider policy which aims at creating an internal market,
protection of the environment and at ensuring an overall sustainable development. These objectives
are not ends in themselves, but serve the overriding objective of economic and social progress within

'T. Thien, R. Alvarez, Z. Cai, P. Awater, M. Leuthold, A.

European electricity supply system with a high share of
? http://www.genesys.rwth-aachen.de/index.php?id=publications [retrieved on 1 August 2013]
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the EU. The latter serves the overall aim of preserving peace, democracy and respect of human
rights. The fact that EU policy is often more explicit with regard to the economy than for environmental
protection and sustainable development, is due to the greater EU competence for the former than for
the latter and related to the fact that the latter entered historically later into EU policy and respective
legislation.

For the concrete EU policy with regard to energy, the basis is laid by the provisions of the Treaty on
the Functioning of the European Union (TFEU). Art.26 (2) paves the way for the liberalisation of the
energy market - and contains intrinsically a preference for grid extension rather than for storage to
deal with intermittent generation. Grid extension, notably across EU member state borders, is a visible
expression of the internal market, while storage seems to favour energy autonomy, self-sufficiency,
and local markets rather than free exchange of energy across the EU.

The current EUpol i cy framework relevant in the context o]
fi Eur o p e?® WithirRthioframework, five targets for the EU in 2020 are defined®. The 20-20-20
objective to lower greenhouse gas emissions by 20% (or even 30%, if the conditions are right)
compared to 1990, to provide 20% of the energy from renewables, and to increase in energy
efficiency by 20% compared to the reference year® are one among five targets. It is the main driver for

all EU activities in the field of RE including energy storage. It can also be found in earlier documents

than those relating to the Europe 2020 strategy and it has entered in several EU legislative and other
documents.

DG ENER working paper iThe future role and chall en

With regard to storage, the European Commi ssi onds DiorbBmargy (DGENER) G ner a
i ssued a working paper entitled AThe future role a
the state-of-the-art of storage and the position of the relevant E C 6 s reBpgénsible for energy. The

main findings formulated in that document are:

I The EU has limited storage capacity at the moment which is almost exclusively pumped
hydro-storage in mountainous areas. (p.1)

I fEnergy storage needs, and patterns of access are changing (e.g. not only driven by
demand side variations0 and st orage systems wil/ need
dynamically than in the past. (p.7)

% Europe 2020; http://ec.tipa.eu/Europe2020/index_en.htm [retrieved on 6 March 2013]

* Europe 2020 targets;

http://ec.Upa.eu/Europe2020/Europe-2020-in-a-nutshell/targets/index_en.htm [retrieved on 6 March 2013]

® It seems to be impossible to find a primary source mentioning the exact reference year for the energy efficiency increase
target.
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9 fin the short term, electricity storage needs to fill the gap between the ramping down time
of wind and solar and the ramping up time of back-up plantsd6 ( mai nly f ossi |
power pl ant s) bdcluppiwer lisaisually teceslovii to compensate for rapid
ramping up/ down of windo (p.5)

I Arhe dynamic behaviour of storage is even more important than its long-term capacity.o
(p.5)

I The fact that storage needs are presently lower in Europe than in the past, and that some
pumped hydro plants are lacking profitability, is due to the much more interconnected
electricity grid. (p.15)

1 When the intermittent renewable share of electricity generation exceeds 25%, intermittent
RE generation needs to be curtailed in periods of low consumption in order to avoid grid
perturbation. (p.5)

9 fitis important to ensure that electricity from RES keeps its RES label, even if it has been
stored before the final consumption. Possible feed in tariffs should not be affected by
intermediate storage.o(p.6)

T iGas storage is ¢é closel YWPRIinked to electrici:t

I Heat and cold storage should be promoted because they are much cheaper than electricity
storage. (e.g. p.5)

The conclusions drawn by DG ENER are:

f Ahere should be a stronger focus on storage in EU energy and climate policies, and
improved coordination between the issue of storage and other key policy issues.fi(p.13)

1 Alncreasing capacities and e f f iiscsean nas i mais of
technological challenge (p.9), and, attributing a strong weight to hydrogen and derived
fuels and chemical base materials (bio-methane, bio-methanol, etc.), in particular the
costs, efficiency and operation flexibility of electrolysers should be improved. (p.21)

1 ACreating appropriate market signals to incentivise the building of storage capacity and
provision of storage services.fi(p.9)

{1 Muilding up a European-level market and common balancing markets, as exist in Nordic
countries and between Germany and Austriai  a nothpedsation schemes for storagefi .
(p.9)

I Ahe grid tariff should be based on the principle of cost causality: if an energy storage
system is systematically using the grid during off-peak periods and not during peak
periods, it should not generate grid investment. (p.12)

I There is a need for harmonising the tariffs for access of storage systems to the electric
network. (p.17)
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Hence, the DG ENER has come to the conclusion that the main reason for the presently lower
storage needs lies in the cross-border electricity grid connections which allow cross-border balancing
of residual demand fluctuations. Consequently, the DG ENER working paper adopts a position which
attributes the highest importance to balancing out the residual demand by strong electric grids,
including cross-border exchange, to compensate the strong intermittency of wind and PV power
generation. The DG ENER places less importance on the option of storage, and demand side
management is partly seen as an independent means for dealing with intermittent generation (p.4 and
24) and partly as an option which is made possible by extended grids (p.10) or storage (p.3).

However, the pace at which the European electricity grids are extended is far slower than required for
dealing with the quickly raising share of RE
preference given to grid expansion as priority measure to deal with increasing intermittent power
generation there will be a larger scope for alternative ways such as storage because the power grid
expansion cannot cope with the speed of intermittent power generation expansion.

EU legal documents and pursued objectives

European legal documents which are relevant in the context of energy storage are in particular the
following ones:

{1 Electricity Market Liberalisation Directive (EMLD)®
f Renewable Energy Directive (RED)’

These directives require transposition into national legislation before being legally binding. This
transposition needs some interpretation and for that purpose the understanding of the objectives of
the directives is important.

The overarching objectives pursued by these directives are the liberalisation of the energy market,
common protection, security of energy supply, environmental protection including combating climate
change, social and economic cohesion, promotion of technological development and innovation, and
provision of opportunities for employment and regional development, especially in rural and isolated
areas.

® Directive 2003/54/EC of the European Parliament and of the Council of 26 June 2003 concerning common rules for the
internal market in electricity and repealing Directive 96/92/EC (Electricity Market Liberalisation Directive);
http://eur-lex.Upa.eu/LexUriServ/LexUriServ.do?uri=0J:L :2003:176:0037:0055:EN:PDF [retrieved on 28 February 2013]
" Directive 2009/28/EG of the European Parliament and of the Council of 23 April 2009 on the promotion of the use of
energy from renewable sources and amending and subsequently repealing Directives 2001/77/EC and 2003/30/EC
(Renewable Energy Directive - RED);
http://eur-lex.upa.eu/LexUriServ/LexUriServ.do?uri=0J:L.:2009:140:0016:0062:EN:PDF [retrieved on 28 February 2013]
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Further, the promotion of infant new technologies is a general objective pursued by these directives
and other European policy documents. This is specifically important for storage which falls into the
category of new infant technologies.

2. Storage technology checkl i st

There are no conclusions on storage technology and markets that can be formulated for the EU as a
whole which are much different from what can be said for the Alpine countries. See national
assessment reports.

3. Renewable energy status

31Share of RE in electricity gross cons

Figure 1 shows the status of renewable energies (RE) in gross electricity consumption of EU
countries in 2010. It is worth noting that several countries have already achieved very high RE supply
rates though very little stores are installed in the EU in general. This can essentially be explained by
two facts:

I Some countries like Austria have a high electricity generation share from hydro power a part of
which is storage hydropower or even pumped storage hydropower whose output can be
quickly adapted to changes in the electricity demand.

1 Some other countries like Sweden have a high electricity generation from biomass power
plants whose output can equally be changed relatively quickly in order to comply with demand
changes.

I.E. very few countries in Europe have already high shares of intermittent RE generation such as wind
power or PV plants. For this reason, they still can deal with the present level of intermittent generation
without major stores.

See national assessment reports for more details.
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Figure 1: Share of renewable energies in gross electricity consumption of EU countries in
2010
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32Need for storage in the EU as a whol e

One of the major studies evaluating the need for storage in Europe® has investigated the boundary
case of a pure 100% RE electricity supply of the EU, MENA and central European states with wind
and PV power only. The study considered storage and grid extension/ reinforcement as means to
deal with the intermittency of wind and PV power. The main conclusions that can be drawn from the
results of this study are:

I It makes sense to generate electricity from wind and PV not only in those areas which have
the highest potential, but in a more or less equally distributed way.

I The optimum wind-PV mix is about 67% wind and 33% PV.

1 About 900 GW new high-voltage direct current (HVDC) grid lines are required.

I The need for long-term (seasonal) storage is much higher than the need for short-term storage
and the required energy storage capacity corresponds to about 10% of the annual electricity
consumption.

I The overall electricity costs, taking wind and PV plants, new HVDC grid lines and stores into
account, amount to 11.9 ct/kwWh.

I Wind and PV plants contribute 70%, stores 20%, and new HVDC grid lines 10% to the costs.
The extension of national grids and grid services are not included in the costs.

Taking into account the approach chosen in the study, a few corrections to these conclusions might
be necessary:

1 The study proposes strong grid extension. If less grid extension is implemented, the need for
storage is higher. But the need for both can be lower if demand side and generation
management is taken into account.

I The need for short-term storage, respectively alternative flexibility options (demand side and
generation management, local grid optimisation) is presumably underestimated, because
generation facilities and grid infrastructure is aggregated per region and a simulation time step
of one hour was chosen in order to facilitate the calculations.

1 PV plants alone account for 3.1 ct/kWh out of the estimated total electricity costs of 11.9
ct/kWh. Presumably, the latest dramatic cost decrease of PV modules has not yet been fully
taken into account and PV plants would cost significantly less than estimated if the scenario
would be implemented.

The scenario is about to be further developed. The results are public.®

8 T. Thien, R. Alvarez, Z. Cai, P. Awater, M. Leuthold, A. Moser , D U. Sauer, iStor ag

European electricity supply system with a high share of
? http://www.genesys.rwth-aachen.de/ [retrieved on 1 August 2013]
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4., I nsti tuti onal framewor k

There exists no specific institutional framework to deal with energy storage in the EU. The topic is at
present worked on by existing institutions dealing with RE or energy in general.

5. Education and training

There is no specific education and training on energy storage in the EU. The topic is at present a
subordinate part of courses on RE or even more generally on energy.

6. Policy i nitiatives and pl ans

6.1.1 The legal basis for EU energy policy

The EU me mb pdicy with eegaedstddrenewable energies (RE) and energy storage moves
largely along lines defined by the European Union (EU). For this reason, a comprehensive
presentation of the EU policy framework is essential for understandingt he EU me mbeaergy st a't

policy.

Legal basis for energy policy in the TFEU

The legal basis for EU energy policy is laid by art.194 of the Treaty on the Functioning of the
European Union (TFEU):*°

Ailn the context of the establishment and functioni
to preserve and improve the environment, Union policy on energy shall aim, in a spirit of solidarity

between Member States, to:

(a) ensure the functioning of the energy market;

(b) ensure security of energy supply in the Union;

(c) promote energy efficiency and energy saving and the development of new and renewable forms of

energy; and

(d) promote the interconnection of energy networKks

1% consolidated version of the Treaty on European Union and Treaty on the Functioning of the European Union (2012/C
326/01), Official Journal of the European Union C 326, volume 55, 26 October 2012, English edition, ISSN 1977-091X;
http://eur-lex.Upa.eu/LexUriServ/LexUriServ.do?uri=0J:C:2012:326:FULL:EN:PDF [retrieved on 18 March 2013]
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TFEU art.194 (2) sets also a limit for the competence of EU energy policy:

fi é shall not affect a Member State's right to determine the conditions for exploiting its energy
resources, its choice between different energy sources and the general structure of its energy supply
é 0

TFEU art.194 shows that EU energy policy is committed to two main objectives, the establishment of
the internal market and the preservation of the environment. Both objectives have equal importance,
but might be in competition when it comes to concrete measures. Furthermore, they are no final ends

of EU policy in themselves, but i n erarchimeadns and éhe obj e
specific objectives of energy policy. For this reason, it is worthwhile to have a closer look on the legal
basisforthe EUOGSs i nt er endarbonmentlrpélieytand @mtle hierarchy of objectives within

EU policy.

Link of internal market and environmental policy to overarching EU policy aims

In the Treaty on European Union (TEU)", the following passages shed light on the foundation of, and
the relation between, the internal market and environmental policies:

i € CONFIRMING their attachment to the principles of liberty, democracy and respect for human
rights and fundamental freedoms and of the rule of

DETERMINED to promote economic and social progress for their peoples, taking into account the
principle of sustainable development and within the context of the accomplishment of the internal
market and of reinforced cohesion and environmental protection, and to implement policies ensuring
that advances in economic integration are accompanied by parallel progress in other fields,

€0 (TEU preambl e)

firhe Union shall establish an internal market. It shall work for the sustainable development of Europe
based on balanced economic growth and price stability, a highly competitive social market economy,
aiming at full employment and social progress, and a high level of protection and improvement of the
quality of the environment. It shall promote scientific and technological advance. 6 ( TEU art . 3 (!

The pr eamb | peinciplesbfdibertyhdemoéracy and respect for human rights and fundamental

freedoms and of the rule of lawo , at the top of EU policy. Their
overarching aim of EU policy and the ultimate reason o f the EUOG6s existence. i
feconomic and social progresso i s al ready a s ec custdiagablg develbpmentt, i v e,
finternal marketd  a remironfinento , which are quoted dacsntextsqta bel pri
' see 10
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considered in achieving the general aim of economic and social progress, can be regarded as tertiary
objectives. Energy policy founds its basis in, and is itself a means for achieving, sustainable
development. Hence it is a quaternary objective. The hierarchy of EU policy principles, aims and
objectives is shown in Figure 2.

The internal market was seen by the founding fathers of the European Union'* as a means to achieve
peace, democracy and respect of human rights in Europe, not as an end in itself. The reason why
sustainable development and the protection of the environment came much later on the EU agenda
lies in the historically later awareness of the need for these policies.

liberty, democracy, respect
for human rights,
fundamental freedoms, rule

of law <:§

legal basis for means to achieve

. . _/
\\IJ> economic and social
" <

legal basis for means to achieve

<l> sustainable development,

internal market, protection

//j of the environment <r|\\

legal basis for means to achieve
\‘IJ> promotion of energy L
efficiency, energy saving,

development of new and
renewable forms of energy

Figure 2: Hierachy of EU policy aims and objectives

Source: Analysis of the author

The overarching position of the principles mentioned in the TEU preamble and the effectiveness of
the derived policy in achieving the respect of these principles over the last decades was recently
acknowledged by the Nobel Peace Prize awarded to the EU:

firhe Nobel Peace Prize 2012 was awarded to European Uni on ( EU) 6f or over
to the advancement of peace and reconciliation, democracy and human rights in Europed.*?

'? Founding Fathers of the European Union, http:/en.wikipedia.org/wiki/Founding_fathers_of the European_ Union
Lrsetrieved on 19 March 2013]

Decision of the Nobel Committee to award the European Union the Nobel Peace Prize 2012;
http://www.nobelprize.org/nobel prizes/peace/laureates/2012/# [retrieved on 18 March 2013]
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The Nobel Prize committee mentions, in addition to two of the principles quoted by the TEU preamble,

a | speaceiand reconciliationo . This recalls the mentioned mai
European Union after the Second World War: to avoid for ever that a war might again devastate
Europe.*

Relation between internal market and environmental policy

TEU art.3 (3) quoted above underlines that the
general policy aims, thus putting it even at the service of sustainable development and protection of
the environment. Nevertheless, the EU treaties provide more comprehensive and more specific
provisions on the establishment of the internal market than for the protection of the environment. E.g.
TFEU s peciThe Mesbet States shdil coordinate their economic policies within the Uniono
(TFEU art.5), but an equivalent article is missing for environmental policy. This does however not
mean that the protection of the environment is finally less important than the establishment of the
internal market, but first of all that the EU has less competence for the former than for the latter as it
can be seen from TFEU art.3 and art.4.

According to these articles, the internal market and the environment, and explicitly also energy, are
ar e a shamd conipetence between the Union and the Member Stateso but in TFEU
aspects of the internal market and commerce are also mentioned as policy areas where the EU has
exclusive competence: "the establishing of the competition rules necessary for the functioning of the
internal marketd  a nodhmaim commercial policyo . Opposed to that, onl vy
centr al part of e thes conservatior oftnadine potodidalcrgsourcel under the
common fisheries policyd f a k field of exclasive EU competence.

Further passages within the TFEU that cast light on the relation between the internal market and the
environment, and on the role of the EU in both policy fields, are:

fEnvironmental protection requirements must be integrated into the definition and implementation of
the Union's policies and activities, in particular with a view to promoting sustainable development.o
(TFEU art.11)

The formulation is due to the fact that the objective of environmental protection and the principle of
sustainable development are issues which entered EU legislation in the course of history and notably
much later than the policy aim of economic integration and the establishment of the internal market.

14 European Union, http://en.wikipedia.org/wiki/European_Union [retrieved on 18 March 2013]; the passage on the main
motivation to create a European union after the Second World War is contained also in the German and French articles in
Wikipedia, but it is missing in the Italian version
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Hence, they are not less important than the latter, but simply not yet fully integrated in EU policy for
historic reasons.

firhe internal market shall comprise an area without internal frontiers in which the free movement of
goods, persons, services and capital is ensured in accordance with the provisions of the Treaties.o
(TFEU art.26 (2))

This provision paves the way for the liberalisation of the energy market - and contains intrinsically a
preference for grid extension rather than for storage to deal with intermittent generation! Grid
extension, notably across EU member state borders, is a visible expression of the internal market,
while storage seems to favour energy autonomy, self-sufficiency, and local markets rather than free
exchange of energy across the EU.

firhe Union shall ensure consistency between its policies and activities, taking all of its objectives into
accoumt( BFEU art . 7)

This article can be considered as the essential guideline to follow whenever concrete measures have
to be defined in a field of conflicts between competing EU policy aims. The substance of the article
says that no single objective can determine EU action alone and all measures should be consistent
with all EU objectives.

Detailed provisions for the EU®&s enwv9lr onment al

fiL. Union policy on the environment shall contribute to pursuit of the following objectives:

& preserving, protecting and improving the quality of the environment,

0 protecting human health,

o0 prudent and rational utilisation of natural resources,

0 promoting measures at international level to deal with regional or worldwide environmental
problems, and in particular combating climate change.

2. Union policy on the environment shall aim at a high level of protection taking into account the
diversity of situations in the various regions of the Union. It shall be based on the precautionary
principle and on the principles that preventive action should be taken, that environmental damage
should as a priority be rectified at source and that the pollutershou | d pay. 0

Practically, the obligation to combat climate change set out in art.191 (1) plays the most important role
for the promotion of renewable energies, and thus for the promotion of energy storage, by the EU. For
the design of measures which promote renewable energies the four action principles mentioned in
art.191 (2) are important:
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Precautionary principle

Preventive action principle

Rectification at the source principle (i.e. as little end-of-pipe measures as possible)
Polluter pays principle

= =4 =4 =

The topic of energy embedded in a wider EU policy

Hence, the EU energy policy is embedded in a wider policy which aims at creating an internal market,
protecting the environment and to ensuring an overall sustainable development. These objectives are
not ends in themselves, but serve the overriding objective of economic and social progress within the
EU. The latter serves the overall aim of preserving peace, democracy and respect of human rights.
The fact that EU policy is often more comprehensive and specific with regard to the economy than for
environmental protection and sustainable development derives from the greater EU competence for
the former than for the latter, and from the fact that the latter entered historically later into EU policy
and respective legislation. The concrete EU energy policy as it is presented in the following must be
understood against this background. For understanding the leading ideas that guide EU energy
policy, the understanding of the principles of the internal market and the protection of the environment
are essential.

6.1.2 Europe 2020

The current EU6s policy framework relevant i n

fi Eur o p e’ \ithiR thidframework, five targets for the EU in 2020 are defined:*®

1. Employment
1 75% of the 20-64 year-olds to be employed

2. R&D
1 3% of the EU's GDP to be invested in R&D

3. Climate change and energy sustainability
1 greenhouse gas emissions 20% (or even 30%, if the conditions are right) lower than 1990
1 20% of energy from renewables
f  20% increase in energy efficiency compared to the reference year’

'*> Europe 2020; http://ec.lipa.eu/Europe2020/index_en.htm [retrieved on 6 March 2013]

1% Europe 2020 targets;

http://ec.Upa.eu/Europe2020/Europe-2020-in-a-nutshell/targets/index_en.htm [retrieved on 6 March 2013]

It seems to be impossible to find a note mentioning the exact reference year for the energy efficiency increase target.
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4. Education
9 reducing the rates of early school leaving below 10%
9 atleast 40% of 30-341 year-olds completing third level education

5. Fighting poverty and social exclusion
9 atleast 20 million fewer people in or at risk of poverty and social exclusion

The third target (20-20-20 until 2020) is the main driver for all EU activities in the field of renewable
energies including energy storage. It can also be found in earlier documents than those relating to the
Europe 2020 strategy and it has entered in several EU legislative and other documents.

Table 1 shows the specific national targets within the Europe 2020 strategy. Table 2 shows the
progress made by the European Union as a whole with regard to the 20-20-20 targets since 2005.

For better understanding the specific paths along which the EU attempts to achieve its objectives with
regardto REand storage, and the activities developed |
latter, and further bearing in mind TFEU art.7 which stipulates that the EU shall ensure consistency

between its policies and activities, taking all of its objectives into account, it is worthwhile to see the

20-20-20 target in the context of the other EU targets on the agenda. A closer look on the formulation

of the priorities for Europe 2020 shows that the main line of this EU policy is largely economy-oriented

while other topics are discussed as if they were subordinate to the economy:

i T hEeropean Union is working hard to move decisively beyond the crisis and create the conditions
for a more competitive economy with higher employment.

The Europe 2020 strategy is about delivering growth that is: smart, through more effective
investments in education, research and innovation; sustainable, thanks to a decisive move towards a
low-carbon economy; and inclusive, with a strong emphasis on job creation and poverty reduction.
The strategy is focused on five ambitious goals in the areas of employment, innovation, education,
poverty reduction and climate/energy.

To ensure that the Europe 2020 strategy delivers, a strong and effective system of economic

governance has been set up to coordinate plicy ac
This illustrates that t he REwmdrememy stolade@ets itpimpoitaoce wi t
andmoment um by the contribution that it can provide

climate change abatement and energy sustainability, above all the contribution that it can provide to
economic growth.

'8 Europe 2020, priorities;
http://ec.Upa.eu/Europe2020/Europe-2020-in-a-nutshell/priorities/index_en.htm [retrieved on 6 March 2013]
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Table 1:

P 1
Source: European Commission ?

Europe 2020 targets for individual member states (part 1)

Europe 2020 targets’

Energy
efficiency
EU/Member Employment R&D in % of co? s ot Early school Tertiary Reduction of population at
i rate (in %) GDP reduction targets? energy energy leaving in % il O ol o T
% consumption in p
Mtoe
-20% 20% increase in
El (compared energy efficienc:
headline 75% 3% bt 20% e 10% 40% 20,000,000
e o equalling
levels) 368 Mtoe
-20%
Result cannct be calculated because of
el 73.70-74% 265272% (R 20% 206.9 Mtoe 10.30-10.50% 3750-38.0% differences in national
levels) methodologies
AT 77-78% 3.76% -16% 34% 7.16 9.5% 38% 235,000
BE 73.2% 3.0% -15% 13% 9.80 9.5% 47% 380,000
BG 76% 15% 20% 16% 320 1% 36% 260,000
cYy 75-77% 0.5% -5% 13% 0.46 10% 46% 27,000
Maintaining the number of
1% persons at risk of paverty or
cz 75% . 9% 13% n.a. 5.5% 32% social exclusion at the level of
(pubic:secioronly) 2008 (15.3% of total population)
with efforts to reduce it by 30,000
330,000
DE T7% 3% -14% 18% 38.30 <10% 42% (long-term unemplayed)
DK 80% % -20% 30% 083 <10% Atleast 40% 22,000
. with low work intensit;
Reduce the at risk of poverty rate (after social
ER 8% 3% 1% G 97 S, 40% transfers) to 15% (from 17.5% in 2010)
EL 70% to be revised -4% 18% 270 9.7% 32% 450,000
1,400,000~
ES 74% 3% -10% 20% 25.20 15% 44% 1.500.000
42%
Fl 78% 4% -16% 38% 421 8% (narrow national 150,000
definition)

!As set by Member States in their National Reform Programmes in April 2011

“The national emissions reduction targets defined in Decision 2009/406/EC (or “Effort Sharing Decision”) concems the emissions not covered by the Emissions Trading System. The emissions covered by the Emissions Trading System will be reduced by 21% compared to 2006 levels.
The corresponding overall emission reduction will be -20% compared to 1990 levels.

*Addition of national targets

EUROPEAN
CONN 55100

1o Europe 2020 targets; http://ec.Upa.eu/Europe2020/pdf/targets_en.pdf [retrieved on 6 March 2013]
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Table 1: Europe 2020 targets for individual member states (part 2)

p 2
Source: European Commission 0

Europe 2020 targets

Energy
efficiency
Msher Employment R&DIn % of cor - of Early school aitiary, Beducing ot papuistion &t
a8 ate (in %) GDP reduction targets ener energy leaving in % L) § K o prvstyanate
targets . v corsumptionin ng in% exclusion in number of persons
Mtoe

Reduction of the
anchored at risk of poverty rate by
FR 75% 3% -14% 23% 34.00 9.5% 50% one third for the period
2007-2012 or by
1,600 000 people

HU 75% | 1.8% 10% 14.65% 2.96 10% 30.3% 450,000
approx.2%

IE 69-71% (2.5% GNP) -20% 16% 275 8% 60% 186,000 by 2016

T 67-69% 1.53% -13% 17% 27.90 15-16% 26-27% 2,200,000

LT 72.8% 1.9% 15% 23% 1.14 <9% 40% 170,000

LU 73% 2.3-26% -20% 1% 0.20 <10% 40% Notarget

(A% 73% 15% 17% 40% 0.67 13.4% 34-36% 121,000

MT 62.9% 0.67% 5% 10% 024 29% 33% 6,560

=40%
NL 80% 25% -16% 14% n.a. <8 % 45% 100,000

expected in 2020

PL 1% 1.7% 14% 15.48% 14.00 4.5% 45% 1,500,000
PT 75% 27-33% 1% 31% 6.00 10% 40% 200,000
RO 70% 2% 19% 24% 10.00 1.3% 26.7% 580,000

Reduction of the % of women and
men who are not in the labour force

Well over (except full-time students), the
SE 80% % A% 45% 1280 <10% 40-45% long-term unemplayed or those on
long-term sick leave to well under
14% by 2020
Sl 75% 3% 4% 25% na. 5% 40% 40,000
SK 72% 1% 13% 14% 1.65 6% 40% 170,000
No target in % v No target in Notarget in Existing numerical targets
& NRP | Notergetim:NEE s e o NRP NRP of the 2010 Child Poverty Act

EUROPEAN
CONN 55100

20 Europe 2020 targets; http://ec.Upa.eu/Europe2020/pdf/targets_en.pdf [retrieved on 6 March 2013]
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Table2: Progress of EU27 -20@Q0nagets $or D200 s 2 0

2
Source: Eurostat?

2005 2008 2009 2010 2011 | 2012 | Target
2020

Greenhouse | Index 1990 =| 92 89 83 85 6] B 80
gas emissions| 100
Share of % 8.5 10.5 11.7 12.5 @) B 20.0
renewable
energy in
gross final
energy
consumption
Primary 1 000 tonnes| 1,704,354 | 1,683,452| 1,596,185 1,646,839| (:) ® 1,474,000
energy of all
consumption | equivalent

(TOE)

6.1.3 Detailed energy priorities under Europe 2020

Within the frame of the Europe 2020 strategy, the EU institutions, and other bodies to which the EC
has delegated specific tasks, have released a number of documents developing the Europe 2020
strategy in greater detail with regard to energy. Among others these are:

1 Energy 2020 1 A strategy for competitive, sustainable and secure energy (communication
from the EC)*

1 Energy infrastructure priorities for 2020 and beyond i a blueprint for an integrated
European energy network (communication from the EC)*

f DG ENER working paper on energy storage®

f ENTSO-E 6 s -Ylear Network Development Plan®

The priority put on electricity grids instead of storage is obvious. For this reason, the documents on
grids need to be looked at more closely also in the context of an assessment on storage.

L http://epp.ustat.ec.lpa.eu/cache/i_2020/E2020 EN_banner.html [retrieved on 6 March 2013]

2 Energy 2020 i A strategy for competitive, sustainable and secure energy, COM(2010) 639 final, 10 November 2010;
http://eur-lex.upa.eu/LexUriServ/LexUriServ.do?uri=COM:2010:0639:FIN:EN:PDF [retrieved on 12 March 2013]

= Energy infrastructure priorities for 2020 and beyond i a blueprint for an integrated European energy network, COM(2010)
677 final, 17 November 2010;
http://eur-lex.upa.eu/LexUriServ/LexUriServ.do?uri=SPLIT_COM:2010:0677%2801%29:FIN:EN:PDF [retrieved on 11 March
2013]

% DG ENER Working Paper, The future role and challenges of Energy Storage, without date, presumably established end of
2012 or beginning of 2013

http://ec.dpa.eu/energy/infrastructure/doc/energy-storage/2013/energy_storage.pdf [retrieved on 6 March 2013]

* https://www.entsoe.eu/major-projects/ten-year-network-development-plan/tyndp-2012 [retrieved on 11 March 2013]
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6.1.4 DG ENER working paper on energy storage

With regard to storage, the European Commi ssi ono6s DiorBEnergy (DGENER) G ner a

i ssued a working paper entitled iThe f u? whioh
summarizes the position of the relevant EC 06 s rd3i@nsible for energy. The paper has been
established with the help of external experts and is not just a policy paper, but also a summary on the
state-of-the-art of storage technology and its application and use. The substance of this document
can be summarized in the following way:

I The EU has limited storage capacity at the moment which is almost exclusively pumped
hydro-storage in mountainous areas. (p.1)
T AEnergy storage needs, and patterns of

r ol

acce:¢

demand side variationso and storage systems

dynamically than in the past. (p.7)

T Aln the short term, e | e cgap betwdert tlye rasnpirgrd@avg gmen e e d ¢

of wind and solar and the ramping up time of back-up pl antsd (mainly

power plants) ( pup dower lis ausually teceslovii th aoenfensate for rapid
ramping up/ dwn of windo.

f

T AThe dy nhaviourof storage is even more important than its long-t er m capaci

(p-5)

I The fact that storage needs are presently lower in Europe than in the past, and that some
pumped hydro plants are lacking profitability, is due to the much more interconnected
electricity grid. (p.15)

1 When the intermittent renewable share of electricity generation exceeds 25%, intermittent
RE generation needs to be curtailed in periods of low consumption in order to avoid grid
perturbation. (p.5)

T Alt is important to ensure that electricity f

stored before the final consumption. Possible feed in tariffs should not be affected by
intermedi a{p®) st orage. 0

1 A"nGas storage is é cltygsetdyp2hgerked to el ectrici

I Heat and cold storage should be promoted because they are much cheaper than electricity
storage. (e.g. p.5)

Among others, the following challenges, needs for action, and conclusions are formulated:

1 AThere shoul d be atorage inEb gremny ahddinase paliaes, and

i mproved coordination between the i sé&pUld of

DG ENER Working Paper AThe future role and challenges of

ec.europa.eu/energy/infrastructure/doc/energy-storage/2013/energy_storage.pdf [retrieved on 1 August 2013]
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1 Alncreasing capacities and e f f iiscsean nas i mais of
technological challenge (p.9), and, attributing a strong weight to hydrogen and derived
fuels and chemical base materials (bio-methane, bio-methanol, etc.), in particular the
costs, efficiency and operation flexibility of electrolysers should be improved. (p.21)

1 ACreating appr omlsfoanteativiseahe kudding of stagrage capacity and
provision of s(p3Yrage services. fi

1 ABuil di ng u pevehmarkai and pomman balancing markets, as exist in Nordic
countries and between Germany and Austagaeafi. a
(p.9)

1 AThe grid tariff should be based on the prir
system is systematically using the grid during off-peak periods and not during peak
peri ods, it should notplgenerate grid invest me
1 There is a need for harmonising the tariffs for access of storage systems to the electric
network. (p.17)

The DG ENEROG6s wobrdadlyninglinepwdthp ther majorsfindings of the AlpStore storage
assessment for Germany regarding the rating of technical maturity and potential contribution of
different storage technologies, the importance of CHP and linked heat and cold storage, the need to
link electricity, gas and transport sector, etc. However, the DG E N E Ralement that a RE
penetration of more than 25% in the electricity sector implies the need for curtailment of intermittent
RE generation in periods of low consumptions is definitely not correct as it is can be seen from the
fact that such contribution has already achieved more than 60% for a short period in Germany without
requiring nation-wide RE generation curtailment. Instead, it should be said in a more differentiated
manner that high levels of intermittent RE generation increasingly lead to local curtailments due to
grid congestion, but not at national level.

The DG ENER has come to the conclusion that the main reason for the presently lower storage needs
lies in the cross-border electricity grid connections which allow cross-border balancing of residual
demand fluctuations. Consequently, the DG ENER working paper adopts a position which attributes
the highest importance to balancing out the residual demand by strong electric grids, including cross-
border exchange, to compensate the strong intermittency of wind and PV power generation. This
position is based on the view that electric grids are the cheapest options for dealing with intermittency
of electricity generation, and it is in line with the overarching policy of market liberalisation.

The DG ENER places less importance on the option of storage, and demand side management is
partly seen as independent means for dealing with intermittent generation (p.4 and 24) and partly as
an option which is made possible by extended grids (p.10) or storage (p.3). Generation management
is only mentioned in the context of hydropower which is saidtobefir enewabl es el ectric
with excellent g e n ra6.tThedfact thatathe same eypplied for wind power and
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even more for PV is not mentioned. Also the option of virtual power plants using exclusively RE
sources is not mentioned.

6.1.5 ENTSO-E 6 s -YeamNetwork Development Plan

The ECG6s priority for power grid devel opment
management or for virtual power plants using RE sources finds its expression in an elaborate ten-
years network development plan (TYNDP) which has been developed through several rounds of
stakeholder consultations. Though not being produced by the EC itself, but by the European Network
of Transmission System Operators for Electricity (ENTSO-E)*’, the TYNDP can be considered as an
indirect expression of EU policy with potentially quasi-legal binding force because the EU institutions
refer among others to codes of practice developed by ENTSO-E:

AThe regul ators ar e eawaork guielglirte Ifoy a Eumomedntbalangng and rfeseraan
power market. This will be followed by a legally binding network code drafted by the European
Network of Transmission System Operators (ENTSO-E ) ?® f

For this reason, the TYNDP is considered here as an expression of a position which will most likely be
adopted by the EU institutions in the form of references being made in forthcoming EU documents a
part of which will have legal binding force. The key findings of the TYNDP 2012 are:

ifPer mitti ngtothe@wjects aentifiadgn ENTSO-EG6s pi | ot ,Th¥ R findsbhatO

one in three planned investments are experiencing delays in implementation due to long permitting
processes. This is why ENTSO-E consi der s t he Commi s s-fracking f
transmission infrastructure projects in its draft Energy Infrastructure Package and in particular the
proposal on a one-stop-shop and defined time lines for permit granting procedures as a most positive
step forward.

rat h

pro

RES: The TYNDP 2012 identifies the né@ donstrustionofvest

roughly 52,300 km of extra high voltage power lines clustered into 100 investment projects across
Europe. 80% of the identified 100 bottlenecks are related to the direct or indirect integration of
renewable energy sources (RES) such as wind and solar power. Such massive development of RES
is the main driver behind larger, more volatile power flows, over longer distances across Europe.

Market Integration: The commissioning of projects of pan-European significance could result in CO,
savings of 170 MtCO,, of which 150 MtCO, results from the connection of renewable generation
technology and 20 MtCO, which stem from savings due to further market integration.

T https://www.entsoe.eu/home [retrieved on 11 March 2013]
% See 24, p.12
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10-Year Network Development Plan 2012 - en tS 0@
Projects of pan-European significance mid-term
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Figure 3: TYNDP 2012 mid-term projects

Source: 10-Year Network Development Plan 2012%°

% https://www.entsoe.eu/major-projects/ten-year-network-development-plan/tyndp-2012 [retrieved on 11 March 2013]
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Figure 4: TYNDP 2012 long-term projects

Source: 10-Year Network Development Plan 2012%°

% https://www.entsoe.eu/major-projects/ten-year-network-development-plan/tyndp-2012 [retrieved on 11 March 2013]
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