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Energy in the European Union
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EU-27 in Comparison
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Population Area GDP-PPP GDP/ capita
[million] [km?] [trillion US-$] [US-$]

France 63.7 550 000 2.086 33,334
Germany 82.5 356 854 2.910 35,442
UK 60.4 244 820 2.230 36,523
EU-27 500 4 324 782 15.247 30,513
USA 307 9 826 630 14.264 46,859
China 1345 9 640 821 7.916 5,963
India 1198 3 287 240 3.288 2,162
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Gross Energy Consumption and Energy Mix in the EU 27

in million tons of oil equivalent, 2006
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Gross Energy Consumption & Energy Mix in selected EU States

in million tons of oil equivalent, 2006

= Gross Energy Consumption by Fuel
3
=
3
g 140
%
(2]
S 120 -
c
=
E 100 | [ Solid Fuels
80 Il Oil

[] Natural gas

[l Nuclear

[l Renewables

[J Other

Q
dl\@ < ¥
64 . 0?0 &\'O'Q
« <
> e
o“‘& &
,{Q
Institut fir Energieforschung 06.10.09

Systemforschung und technologische Entwicklung (IEF-STE) Hake, J.-Fr., Fischer, W., Martinsen, D. Sander, M.



-

JULICH

FORSCHUNGSZENTRUM

100%
80%
60%
40%
20%

0%

&

Gross Energy Consumption by Fuel;

Member States and EU 27

@

nlim

(/
S
%
%,

(\ ¢? (\ ™
QS s O

> Q
& g *\

@ Other

B Renewables
B Nuclear
0 Natural gas

H Oll

W Solid Fuels

Source: EU Commission (2009):
EU Energy in Figures 2009

Institut fir Energieforschung

Systemforschung und technologische Entwicklung (IEF-STE)

06.10.09

Hake, J.-Fr., Fischer, W., Martinsen, D. Sander, M.



Gross Electricity Generation in selected EU States
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Source: EU
Commission (2009): EU
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Gross Electricity Generation; Fuel Mix of EU27 and selected Member

States
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Import Dependency of selected EU States: Oll
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Electricity prices industrial consumers 2008 (1. quarter, EUR/100kWh)
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EU Energy Policy Challenges

Competiveness:

- Open internal markets

- Interconnections (Trans-European Networks)
- European electricity & gas network

- R & D*

how to
balance ?

Security of Supply:

- Diversification

- EU oil & gas stocks & management

- International dialogue (consumer & producer)
- R & D*

Environmental protection:
- GHG reduction policies & EU- ETS
- Others (NO,, particles ...)

* Focus clean coal, CCS, renewables, efficiency, nuclear.
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Coping with challenges: development of EU-Energy & Climate Policies*
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EU energy technology strategies

Research and Development

Energy related activities within the 7th research framework program should
contribute to a sustainable energy system.

Supported technologies include:
» Hydrogen and fuel cells
» Renewables (fuel, electricity, heating and cooling)

» development of CCS technologies as proposed by the Zero
Emissions Fossil Fuel Power Plants European Technology Platform

(ZEP)
» Energy efficiency
» Smart grids
» Nuclear security, new fission reactor types and fusion
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The Strategic Energy Technology Plan

On November 22 2007, the Commission published a Strategic Energy
Technology Plan (SET) that defined the following key challenges:

>

YV V V V

Y

Market competitiveness of renewables
Cost efficiency of energy storage
Commercialization of fuel cells
Generation |V fission reactors
Construction of the ITER fusion facility

Networks and other supporting technologies for low-carbon energy
generation

Basic research on energy efficiency
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Conclusion: Diversity of EU Energy Policies

National states are the predominant actors in European energy policy, as
guaranteed by the ECT (e.g. national veto in Art. 175 II).

This leads to an interconnected but diversified European energy system,
where interests, problems and assets are allocated on the national

rather than the EU level.

The EU increasingly influences these national energy systems indirectly,
mostly through the common market policy, the Emission Trading
Scheme and the Trans-European-Network program.

While the Lisbon Treaty gives the EU more weight in energy policy, the
position of the member states will remain strong. Therefore EU
energy policy will remain a fragile balance of national and European
interests, problems and instruments.
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EU Climate Change Control Regime
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The Framework: UNFCCC and Kyoto Protocol

UN Framework Convention Kyoto Protocol
on Climate Change

"... stabilization of GHG » ... binding mitigation goals
concentrations in the for signatory countries ...
atmosphere at an appropriate « ETS. JI. and CDM
level ...” o
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In the focus of EU policy:
EU-GHG Policies and the Emissions-Trading-System

EU 20-20-20 target for 2020
(December 2008 “Climate action and renewable energy package”):

 Cutting GHG emissions of EU 27 by at least 20% of 1990 level (30% if other
developed countries commit to comparable cuts).

* Increasing renewables to 20% of total energy production.

 Cutting energy consumption by 20% of projected 2020 levels by improving
energy efficiency

Main instrument > EU ETS: - phase | (test-phase, NAPs, overallocation & free
allocation emission rights), - phase Il 2009-12 (NAPs with Commission control
and reduced emission rights), - phase Il after 2013 (EU allocation system
without NAPs, differentiated auctioning, new sectors).

Institut fir Energieforschung 06.10.09
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What has to achieved:
EU-15 Kyoto targets for 2012 and their distribution (“EU-bubble”)

2008—-2012 targets under the
Member State Kyoto Protocol and in the
“EU bubble®
Austria -13.0%
Belgium -7.5%
Denmark -21.0%
Finland 0.0%
France 0.0%
Germany -21.0%
Greece 25.0%
Ireland 13.0%
ltaly -6.5%
Luxembourg -28.0%
Netherlands -6.0%
Portugal 27 .0%
Spain 15.0%
Sweden 4.0%
United Kingdom -12.5%
EU-15 -8.0%
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What has been achieved:
Development of EU-15 CO,-Emissions

4500
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What has to be done:
EU-GHG Emissions and Kyoto targets

The 2010 projection figures are based on existing domestic policies and measures, already implemented by the member states.
Figures are in Megatan (Mt CO2-e0).

FROJECTIONS KYOTO TARGET

EU MEMEER STATE 20032 2004 2005 2010 2012 % UNDER KYOTO TARGET
ESTOMIA 21.2 212 207 1248 <0 ] 52.7%
LATwr A 0.7 0.7 0.9 126 233 I 41.5%
BULEARLA - g5.0 698 271 127 .3 I 31.6%
RORAMLA - 1601 | 159327 1925 2500 I 26.0%
LITHLUAMLA 16.7 211 226 324 941 I 29.0%
HUNGAR™Y 233 J2.5 (805 274 1149 I 23.0%
FOLAND 3B2A 2957 =949 420 551.7 I 23.0%
CZECH REFUBLIC 19475 19471 1456 1945.7 120.5 I 19.2%
SLOWAKLA 1.1 435 (487 553 g7 . 13.2%

% [ MHITED KINGDON Gas GE0.4 |657.4 it L a] G733 . 12.2%
SWEDEM T0.g g7 &Y (== 752 | T2%
GERMANY 10244 (1025 | 10015 9554 orza 1 1.8%

U OWER BYOTO TARGET

LUXEMBOLR G 11.2 12.8 12.7 142 =l I S6.0%
ALSTRIA gz.h g1.2 (933 gz.h G657 I 347 %
SFAIN q07 .4 g425.2 4406 4102 2316 I 23.7%
ITALY a77 .3 205 5322 SBT3 g425.7 I 20.9%
FIMLAMD 254 21.2 [69.3 245 711 I 19.5%
SLOWEMIA 19.7 199 (203 216 126 . 16.1%
DEMMARK 725 g2z 624 G265 S48 . 194.2%
FORTUGAL 837 2456 (855 28 7.4 . 13.7%
IRELAND Gs.4 G256 694 G624 G3 . 2.5%
GREECE 137.2 1376 1392 150.4 1286 - T.T%
HETHERLAMDS 2154 2184 (2124 211.8 200.4 || 5.7%
BELG(UM 147 G 1476 1438 19416 1359 || 4.2%
FRAMCE GG0.9 5561 (5534 aate] falatl) | 0.9%
hALTA 31 2.2 2.4 2.2 NO TARGET

CrFRUS 9.z 9.9 a4 122 NO TARGET

SOURCE: EEA, bazed on EU Member States greenhouse gas inventories. NnvemberEDDT.*Only three of EU-15-countries on track up to Now
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What will be done:
EU legislation to implement the 20 - 20 -20 target

- A Directive revising the EU Emissions Trading System (EU ETS), which covers
some 40% of EU greenhouse gas emissions;

- An "effort-sharing" Decision setting binding national targets for emissions from
sectors not covered by the EU ETS;

- A Directive setting binding national targets for increasing the share of renewable
energy sources in the energy mix;

- A Directive creating a legal framework for the safe and environmentally sound use
of carbon capture and storage technologies;

- A Regulation requiring a reduction in CO, emissions from new cars to an average
of 120g per km, to be phased in between 2012 and 2015, and further to 959 per
km in 2020. (contributing more than one-third of the emission reductions required
in the non-ETS sectors);

- A revision of the Fuel Quality Directive requiring fuel suppliers to reduce
greenhouse gas emissions from the fuel production chain by 6% by 2020.

Institut fir Energieforschung 06.10.09
Systemforschung und technologische Entwicklung (IEF-STE) Hake, J.-Fr., Fischer, W., Martinsen, D. Sander, M.
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The Main instrument: a modified EU-ETS for phase Il

Capped EU emissions: 21% below 2005 levels by 2020 to 1,720 Mtly, 1.74 %
linear reduction of emission rights per year.

 Enlarging the ETS on new sectors (petrochemical, aluminium, aviation)

* GHGs avoided through CCS are to be credited as 'not emitted*. > up to 300
million allowances available to subsidise (among others) the construction of 12
CCS demonstration plants.

« EUETS auctioning:
- power sector full auctioning from 2013 onwards (exception for eastern Europe

countries full auctioning in 2020 )

- industry 20% auctioning in 2013, 70% in 2020, 100% in 2027; but energy &

export intensive industries (most of them) all allowances for free if “significant

risk of carbon leakage" (sectors to be determined by Commission 12/2009).
 EU solidarity fund: 10% of ETS emission quotas reserved for a "solidarity fund"

to help poorer countries from Central and Eastern Europe.

« Flexibility and third countries: Limited use of CDM & JI. 3% of member states'
total emissions in 2005 or more, depending on international agreement.

> Sectors not covered by the ETS (transport, buildings, agriculture, waste): 10%
below 2005 by 2020. > different national targets according to countries' GDP.

\
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EU-countries: GHG reduction in non ETS sectors

(1) (2)
Feduction target in sectors not
Tg[r]gzeécs coverad by the EL ETS compared to
2005
AT -16.0%
BE -15.0%
B 20.0%
Y -5.0%
C7 8.0%
DK -20.0%
EE 11.0%
F -16.0%
FR -14.0%
CE -14.0%
EL -4 0%
HLU 10.0%
E -20.0%
IT -13.0%
LV 17.0%
LT 15.0%
LU -20.0%
MT 5.0%
ML -16.0%
PL 14 0%
FT 1.0%
RO 19.0%
ZK 13.0%
=1l 4.0%
ES -10.0%
ZE -17.0%
JK -16.0%
Institut fir Energieforschung 06.10.09
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Conclusion: EU Policies and Strategies

The EU is influencing national energy policy by setting the agenda and using
her competencies in “neighboring” policy fields.

However, most policy instruments of the EU failed to deliver the desired effects:
» The prices for gas and electricity raised despite open market policies.
» The EU 15 Kyoto target (-8%) are difficult to meet.

» Energy dependence is increasing, a common foreign EU energy strategy
Is still quested:

» Import dependency of the EU is high and projected to rise even
further

» Since 2004, oil and gas imports to the EU have been disrupted
several times, harming especially the new member states in Eastern
Europe.

» Despite several attempts to address the topic, EU crisis reaction
mechanisms remain weak and no common foreign policy approach
exists. This is evident in the cases of the Nabucco and the Nord
Stream Pipeline

Institut fir Energieforschung 06.10.09
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Future Climate — Alternative Climate Change
Control Regimes
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Future Climate

Engineering Solutions

The Future Climate project is based on national
action plans for the reduction of greenhouse gas
emissions developed by project partners.

These national plans will show how it is possible
to make the necessary reductions in greenhouse
gas emissions (GHG) domestically while
maintaining focus on economic growth and
increased energy self-sufficiency.

Participating associations develop their own
national climate action plans. The plans give a
technical evaluation of the national possibilities
for reducing climate gas emissions to a level
matching IPCC's the best case scenario.

13 associations of engineers from 12 different
countries worldwide participate in the Future
Climate project.

Institut fir Energieforschung
Systemforschung und technologische Entwicklung (IEF-STE)
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Future Climate

Originator of the project
» The Swedish Association of Graduate
Engineers

* The Norwegian Society of Engineers and .
Technologists (NITO) _ 7

» The Association of German Engineers (VDI %éggg
» The Danish Society of Engineers (IDA)

Partners

 The Institution of Engineers (India)

* Institution of Mechanical Engineers (UK)

* The Finnish Association of Graduate Engineers, TEK (Finland)
 Union of Professional Engineers, UIL (Finland)

* The American Society of Mechanical Engineers, ASME (USA)
* The Japan Society of Mechanical Engineers, JSME
 APESMA (Australia)

* Engineers Ireland

 Federation of Scientific Engineering Unions in Bulgaria

Institut fir Energieforschung
Systemforschung und technologische Entwicklung (IEF-STE) Hake, J.-Fr., Fischer, W.,
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Future Climate

FUTURE CLIMATE SECRETARIAT
Kalvebod Brygge 31-33
DK-1780 Kgbenhavn V
Phone: +45 33 18 46 12

http://ida.dk/sites/climate/introduction/Sider/Introduction.aspx
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Systemforschung und technologische Entwicklung (IEF-STE) Hake, J.-Fr., Fischer, W., Martinsen, D. Sander, M.



#) 0LICH

FORSCHUNGSZENTRUM

The Case for Germany
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Germany: climate & energy targets

« Government Climate Protection Program, IKEP (2007)

» Reduction GHG emissions by 40 % until 2020 (reference year 1990).

» Increase share of renewables for electricity generation up to 25-30%
until 2020.

» Increase share of electricity from Combined Heat and Power up to
25% until 2020.

» Increase share of biofuels up to 17% of energy related fuels.

« Government Declaration (2007)

» Reduction electricity consumption by 11% through increase in energy
efficiency in 2020.

» Increase renewables in the heat sector up to 14% in 2020.

« Government Coalition Agreement (2005)

» Increase energy productivity (GDP/primary energy) by 100% between
1990 — 2020.

Institut fir Energieforschung 06.10.09
Systemforschung und technologische Entwicklung (IEF-STE) Hake, J.-Fr., Fischer, W., Martinsen, D. Sander, M.
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Challenge: Increase productivity
Development of energy efficiency in Germany:
in relation to energy productivity

aim: doubling of energy productivity 1990 — 2020 (+100%)
Status: increase of energy prclductivity of 29% since 1990

o

3,5%
target: average
3,1%

. increase/year 2005-20
3,0%
2,6%

2,5% -

i 1.8%
average changing of 20% - : = 1990-1995

energy productivity ik -+ 1995-2000
p.a. 15% | 2000-2005 <

= 1590-2005

10% 0.5% 2005-2020
0,5% -
0,0%

o o EFFIZIENZ ENTSCHEJDET &
Kraus, DENA 2008
Institut fir Energieforschung 06.10.09
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Challenge: nuclear reactor phase-out in Germany

based on the 2001 agreement companies/government & stipulated in federal atomic law (2002)

Provasionally scheduled

Plant Type MWe (net) Commercial operation shut-down
Biblis-A PR 1167 21974 2008
Neckarwestheim-1 PWR 785 1211876 2009
Brunshiittel BYWR 71 21977 20049
Biblis-B PYWR 1240 11977 2009 or 2011
Unterweser PR 1344 21974 2012
Isar-1 BYWR are 919749 2011
Phillipsburg-1 BYWR a40 21980 2012
Grafenrheinfeld PYWR 12745 Bi1982 2014
Krummel BWWR 1260 31984 2016
Gundremmingen-E  BWR 1284 411984 2016
Gundremmingen-C = BWR 12838 118845 2016
Grahnde PYWR 1360 21984 2017
Phillipsburg-2 YR 1392 4119845 2018
Brokdorf PYWR 1370 1211986 20149
Isar-2 YR 1400 419848 2020
Emsland PYWR 1329 Bi193a 2021
Neckarwestheim-2 PWR 1305 4119349 2022

total {173 20,339 Mwie

Institut fir Energieforschung
Systemforschung und technologische Entwicklung (IEF-STE)
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Challenge: Decreasing acceptance for new efficient Coal Power Plants

Geplante Kraftwerke. Mehr
Infarmationen zu den Stand-
orten und Adressen von Initia-
tiven gegen diese Plane unter
www.bund.net/klimaschutz
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Local resistance, contributed to the failure to

implement the EU CCS directive in Germany;
has to be dealt with in next legislative period.
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Desertec: the new Shangri-La?

- aims to cover 15% of Europe’s electricity demand by 2050.

- electricity is generated by using Concentrated Solar-thermal Power Plants
in different locations in North Africa & Middle East.

- transmission via High-Voltage Direct Transmission Lines.
- investments will add up to app. 400 bn. €.

» Desertec Memorandum of Understanding signed on June 13 2009.

» Members of the Consortium with focus on German companies: ABB,
Deutsche Bank, E.ON, Munchener Ruck, RWE, SCHOTT Solar,
Siemens ...

> Established a Desertec Industrial Initiative planning entity.

> Aims to extend it's scope by including interested companies from
other states.
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Transeuropean networks — the case of electricity

European synchronous areas

Capacity: 85 GW
Peak load: 66 GW

Consumption: 400 TWh

Population: 65 min

Capacity: 631 GW
Peak load: 390 GW
Consumption: 2530 TWih
Population: 450 min

Source: UCTE
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The German Energy system in transition

Projections of the energy system of Germany until 2050

A study within the framework of the project ,Future Climate*
in cooperation with the German Association of Engineers (VDI)
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IKARUS-LP energy system model for Germany
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Boundary conditions and demands

GDP growth: 1.4 %l/a
Population: From 82.4 millions in 2009 to 77.3 millions in 2050
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Scenarios

 Reference scenario, low prices, nuclear power retention
» Reference scenario, high prices, nuclear power retention
 Reference scenario, high prices, nuclear power phase out

» CO,-Scenario -50% compared to today, low prices, nuclear power retention

« CO,-Scenario -50%, compared to today, high prices, nuclear power retention
» CO,-Scenario -50%, compared to today, high prices, nuclear power phase out

 CO,-Scenario -75%, compared to 2000, low prices, nuclear power extension

Institut fir Energieforschung 06.10.09
Systemforschung und technologische Entwicklung (IEF-STE) Hake, J.-Fr., Fischer, W., Martinsen, D. Sander, M.



#) 0LICH

Overwiew of reference scenarios
The most important exogenous guidelines

Industry:

 Efficiency improvements

* Energy intensive parts of industrial gross product declining

» Additional options of measures for saving of process heat
demand and electricity demand

Residence, small consumers:

 Tightening up of the federal laws of energy saving from 2020
Insulation of buildings
Reduction of electricity demand for light, power,
communication, washing, cooking etc.

Transport:

* 120 g/km CO, for new cars from 2020
 Similar for trucks

 Further transfer of freight traffic from road to rail
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Reference scenarios

Primary (PE)- and final (EE) energy
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CO,-Emissions
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CO,-Reduction scenarios

CO2 reduction 50 % wrt today CO2 reduction 75 % wrt 2000
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Primary energy
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Net installed capacity of power plants
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CO, Emissions
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Annual additional costs: Additional costs of a -75% reduction scenario

Additional costs: CO2 75 %, low prices, nuclear new
buildings vs. Ref, low prices, nuclear retention
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Findings and Recommendations for Germany

Findings

Reference Cases with present/planned German regulations lead to CO, reductions
of 31 to 36,6% compared to 2008 at spec.cost up to 350€/t CO,

Total cost with nuclear power significantly lower, also allowing for reduction of up to
66% compared to 2008 at spec. cost <350 €/t CO,

Reduction of energy rel. GHG up to and beyond 50% compared to 2005 can be
achieved still assuming economic growth of 1,4%/a

Recommendations

GHG reduction is a global objective, it can‘t be achieved by Germany or EU alone

Germany'‘s and EU‘s most significant global contributions are technologies for
energy efficiencies, for less costly renewable and for safe nuclear power; global
sharing of these technologies and helping financing their implementation

The burden of GHG reduction has to be shared globally and optimized locally
safeguarding local employment

Climatologically research has to be validated continuously to assure reliable base
for costly political decisions
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