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Outline

1. Overview
2. Preliminary results
» Characteristics of RES

» Potentials and future pathways of RES and their
contribution to Security of Supply in the EU

3. Implications for security of energy supply
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Overview of WP 5.5 - Renewables

o Partners: Fraunhofer ISI (lead), TU Vienna, FEEM, Ramboll, ERSE
e Duration: Month 9 — Month 24 - Start December 2008

Overview of RES-characteristics } 1st Deliverable

2nd Deliverable

Costs of RES-measures and policy support }

Potential impact of RES on the security of supply

3rd Deliverable

General risks and opportunities of RES }

Summary and Conclusions
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Characteristics of RES — Policy background

Characterization of currently applied policy measures in the EU:

| | [Pericedriven [Quantitydriven [ |

IS1

Regulatory | Investment [ONIGNES gl + Tendering system ¢ Environmental
focused incentives for investment taxes
« Tax credits grant « Simplification of
¢ Low interest / » Connexion
Soft loans charge_s,
(el (S =1d(0) B« (Fixed) Feed- » Tendering balancing costs
based in tariffs system for long
« Fixed Premium term contracts
system « Tradable Green
o Production tax Certificate system
incentives
Investment IS Elg=el e [<]g « Voluntary
focused Programs agreements
+ Contribution
Programs (S
 Green tariffs B Quota obligation
- 19 Member States apply Feed-In Tariffs in the electricity sector W Feed-in tariffs
- 6 Member States apply a quota system O Tax and investment
: : : i . incentives
- The heat sector is mostly dominated by investment incentives
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Characteristics of RES — RES development totall
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Historic RES development in terms of gross final energy:
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RES-share in final energy
consumption

Final energy based on RES
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mm Transport Production ™= Electricity Generation ™ Heat Production «<++ RES-Total Final Share

Heat sector still dominates the RES contribution (57%)
38% renewable energy is generated in the electricity sector
Transport sector plays a marginal role at a recently increasing share

Generally, RES contributed to 9.7 % of gross final energy demand in 2007
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Characteristics of RES — RES development on sectoral basis

Historic RES development on sectoral level:

Heat Generation [Mtoe/year]

Electricity generation [Mtoe/a]
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-  Dominance of biomass energy
in heat sector

- Strong growth in the transport
sector at comparatively low level

-  Broader technology portfolio in
the electricity sector
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Characteristics of RES — Economic characterisation

Heat Transport Electricity
Solar thermal heat & hot water = ~ Wind offshore |
1 <l *Biomass-to- t o Wind onshore |
Heat pumps 3 Liquid £ = Tide & Wave
© i |
9 Is] | i A I -
Biomass (non-grid) - pelets 5 Ugnoceluosie | “ 1| Sola hermal electiiy | |5
_ . BB bioethanal | Z Photovoltaics | g [ Pv:430to 1640 €/MWh > |
Biomass (non-grid) - wood 2 Hydro small-scale &
H [=1 . B + I |
chips 1| [ e Bioethanal Hydro large-scale H
. ) I X g S —
Biomass (non-grid) - log wood < g = Geothermal electricity >
1 [ Bindiesel Biowaste g
Geothermal - district heat (Solid) Biomass | i m—
1 | | - o
Biomass - district heat (Solid) Biomass co-firing | :-
J } | Biogas
v B WD By AW 0 50 100 150 200
Costs of heat (LRMC - Payback time: 15 years) Costs of electricity (LRMC - Payback time: 15 years)
[€/MWh] [ERan!
120% —+—Hydropower
115%
= 110% .
g 105% Egﬁ % O o=oo-mo-o =>~Geothermal electricity
c 100% -
E o o5% % Lol _ToTotoLS 0o 5| ~©-Solid biomass - cofiring &
S 8 oo %9%9@@@ large-scale plant
o N ‘O--o~ QQ o4
L 8% N ~x == ~0-Solid biomass - small-scale
S E . 8% S s = FOr0—0 | CHP
5L c 5% > SN - —o—Gaseous biomass
VE 0 70% + o
= 8 o 5% o ™ —o-Gaseous biomass CHP
o < 60% "OS
S ES % . ™ O+
é = £ s50% ol - [ - =0O—-Wind energy
0 45% = ==
o 8 20% < TPl =O-Tidal & wave
B 0, 1
2 o I N A »
S ~ —Solar thermal electricity
O © ® O N ¥ © ® O N T © © O
S 8 3 8 2 3 3 & 8 8 & & 8 -
& 8 8 8 R 8 8 R R & & & = Photovoltaics
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Characteristics of RES — Identification of risks

Risk of RES technologies:

Long-term impacts Operational impacts

Economic

* Development of cost
reduction

* Raw material prices
(e.g. steel, silicon)

* Electricity generation
costs

Import dependency

* CSP from North Africa

* Biomass imports
(transport distance,
state of aggregation)

Climate change

impacts

* Hydro: Changing
utilisation

*Wind: Impact of storms

*Biomass: Change in
BM-Potential

Feedstock
competition

* Biomass availability
and prices

*Harvesting season

Variability of RES-
output

*Wind in particular on

short-term
(Remedies: Back-up
capacity; Grid
reinforcement; DSM)

e Solar

(comparatively good
correlation of peak load
and demand)

*Hydro

(Inter-annual variability)

Technological
risks

» Geothermal
(Hot-Dry-Rock and
Earthquakes -
Basel)

Political risks

* Political factors
hampering RES-
development
(Non-economic
barriers, policy
uncertainty)
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Identification of risks — The Spanish case

Installed Electricity Generation Capacities of Spain (2008)

IS1

Situation: g 2
*High share of CCGT Y
*High share of RES, in particular 3 s . I o . -
hydropower and wind S0
_ o o & & \\(;;J o ;5’@ ‘\@ S;s
Legal differentiation between large & < < & & & &
. . 0‘(0 Q‘g\e‘ o Q’{\Q’
centralised and small decentralised power = T
plants (Ordinary Regime vs. Special
Reg I me) Electricity Generation of Spain (2008)
*Phasing-out of nuclear power plants g
foreseen after end of lifetime is achieved z "
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Identification of risks — The Spanish case

Hydropower at the Iberian Peninsular (1/2)
Situation:

Hydropower plants are concentrated on a
few rivers

Limited cross-border transmission
capacities

~ Biscaya

Santander

\

; H ot W& P v
E ; ; i ! o
% SIS 7 A J/ Cartage i
e o ‘7 \ - T ¥ ; y i
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s o ': e o
A e X

Regarded Country
L Neighbouring Country

Net Export Transfer Capacities
) Net Import Transfer Capacities
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Identification of risks — The Spanish case

Hydropower at the Iberian Peninsular (2/2)

Electricity Generation of the Iberian Peninsula
25 - -
= Major Drought Major Drought
=
= 20
=
L
S 15 a A — v Al
@
=
S
z 10 AA
5 5
£
(W1 ]
£
P
o
= 5
JanOOJuIOOJanOlJuIOlJaIOZJuIOZJan03Ju|03JanO4Ju|O4J1105Ju|OSJanOGJuIOGJanO?JuIO?
|y dro Power = Nuyuclear Power Conventional Thermal Power == Net [mports

Management of drought periods:
 Import capacity of electricity restricted
 Stronger use of conventional power, in particular by CCGT

\

é;’é%%cs Z Fraunhofer raunt

roup ISI




Identification of risks — The Spanish case

Wind electricity

Record wind power feed-in
Wind power provides 53% of electricity

—
o]

Wind Power Production Record

w:wgg

40

35

530

)
<)
§ 8 25
demand in the morning hours of £ 6 =
November 8, 2009 (Sunday) S, s
(=1 K
t - 15 §
5§ ¢
. = 10
—->Reactions 5 O V¥V \
« Reduction of CCGT-output G 2 °
« Electricity exports (85% of capacit “ °
] y exp ( P y) f & & & QQO’I S & & &
» Charging of pump-storage power ST oY oY %\,w'-" ,\0"" SV oY oY YWY
. <3 P o' : : S o’ o N O
plants (38% of capacity) e ° cos Yy
CJLload (Sccondary Axis) = Wind Power Combined Cycle
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Characteristics of RES — Identification of opportuni ties

Opportunity to increase Security of Supply due to RES:

Decentralised Mainly indigenous No fuel cost .
Portfolio effect
character resources (except BM)
* Location closed to * Reduction of import « Reduction of price risks * Diversification of
demand dependency induced by fossil fuel power plant
- Less infrastructure prices portfolio
risk

* Price effect of wind power
* Reduced impact on feed-in

electricity system in
case of shutdowns

- Estimation of the future contribution of RES to increasing Security of Supply in
the EU by means of scenario analysis with Green-X
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Outline — Scenario analysis with Green-X

1. Introduction and background information

2. Methodology and assumptions

3. RES deployment according to policy storylines
» In terms of generation
» In terms of corresponding costs

4. Sensitivity cases

5. Conclusions
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National RES targets for 2020 the proposed definiti  on

80% B RES potential 2020 - share on current (2005) demand
5 # Proposed RES target for 2020
g 70% ® RES share 2005
S
<8}
S 60%
o
= 50%
>
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L 40%
()
£ 30%
©
2 20%
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c 10%
N
¥ 0%
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Note: Additional potentials do not include biofuel imports

How the European Commission set the targets ... ,FLAT RATE" & ,6DP-Variation”
.. i.e.t RES-target,q,0 = RES, 0059, + 50% *RES\ ey o + D0%*"RESyey 5. GDP-weighting"-"first mover bonus"




The &reen-X model

The core objective of the project 6reen-X was
to develop a computer model allowing an assessment of
the future deployment of RES in the ‘real world'.

Derived objectives are:

to describe the potential & the accompanying cost of the various RES-E options in a brief and suitable manner for
model implementation;

to model the impact of policy instruments;
to address dynamic aspects in a proper way, including:

— Future technological changes - e.g. a reduction of investment costs or efficiency improvements
due to technological learning

— Technology diffusion - i.e. the impact of non-economic barriers for RES-E

.. to derive a picture of a likely future
as close as possible to reality ..
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The &reen-X model

Simulation model for energy policy instruments
in the European energy market

*RES-E, RES-H, RES-T and CHP, conventional power
*Based on the concept of dynamic cost-resource curves

Deriving optimal promotlon strategies
forincreasing the share of RES-E &

Platform Win2000 SP3

-Allowing forecasts up to 2020/2030 on national / EU-27 level s
Base inpu — Scenari F e 10
information conomic. Information *

market and pOllcy % Energy policy instruments - Electricity.
Country ' assessment <= Policy e i

selection potential, costs, strategies Comany
Offer pr|ces Se|eCtI0n Wind enshore
Tech n Ology Feed intaif | Tendsiing system| Tradebia Grean Certiioates| Addtional instuments |
selection % Social behaviour o
Power Investor/consumer & Fixedtaif
Ang € Fremiumtariff
generation SimUIatlon Of EXternaIItleS Walid far plants nat elderthan m years)
(Access Database market interactions iu:a:le;ed\anﬁfur W year(s)
Electricity RES, CHP, DSM Igiilndeirivgr:ls(  mm
i & Steppedrate |
dAe\mand lgduct:)tlon power market’ EUAs (ACC@SS Database Max\mumvalfep 85,26 E/MWhH Fullload haursto [1800 -
(Access Database % Mirinrvalue [ 6173 SN Fuloadheusto [ 3] ;

Ok Cancel |

607.574,41 GWh

Results Costs and Benefits  on a yearly basis (2006 -2030 )

1985 %
19,58 %

555,582,651 GWh
1797 %

Reference clients: European Commission (DG RESEARCH, DG TREN, DG ENV),

Sustainable Energy Ireland, German Ministry for Environment, European e i
Environmental Agency, Consultation to Ministries in Serbia, Luxembourg,
Morocco, efc.

24.836,06 Mill. Euro per year
20.744,35 M

8351 %
4.094,72 Mill. Euro per year
1649 %




4.500

Energy demand projections derived from POLES

4.000

3.500

3.000

2.500

lectricity demand [TWh]

Energy demands for all
scenarios are taken from
the POLES scenarios, but
had to be adjusted
(reduced) due to
statistical accounting
methodologies in order to
consider the European
Directive of 20% RES in
2020 on gross final
energy demand correctly!
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Primary energy prices and CO2 prices — derived from POLES

45 ~
= Oil === Natural gas Coal
40
E /
é =4 /—\
Relatively low = e
primary energy S 2
prices for all 2 20
. . [0} /
scenarios, with 5 151
strongly varying g lch
CO2 prices in =
1 0 T T T T 1
the dlfferent 2005 2010 2015 2020 2025 2030
policy storylines
CO2 prices 2005 2010 2015 2020 2025 2030
Muddling Through €it 0,00 7,94 11,90 15,86 1983 23,79
Europe Alone €t 0,00 7,75 18,62 45,05 66,71 88,51
Global Regime - Full Trade €f 0,00 6,96 12,99 26,01 45,70 62,02
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Definition of the (additional) realisable
mid-term potential (up to 2020)

Definition of potential terms

Theoretical potential ... based on the

determination of the energy flow.

o

Theoretical potential

Technical potential ... based on technical
boundary conditions (i.e. efficiencies of
conversion technologies, overall technical
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- limitations as e.g. the available land area to
2 install wind turbines)
c

% - Long-term

.- otential

2 Barriers .&I\?Iid—term 0 : 7

o (non-economic) "% potential Realisable pOfeﬂfla/...

Q " The realisable potential

c .

L] Maximal Add_ltlonal represents the maximal
time-path for realisable achievable potential
penetration ~_ mid -term assuming that all existing
(Realisable ial barriers can be overcome
Potential) - potentia i

o Policy, and all driving forces are
Historical \ Society (up to 2020) active.
deployment v Thereby, general

7Y :
Achieved parameters as e.g. mar'lfe‘r
: growth rates, planning
| | y potential constraints are taken into
' | | | — (2005) account in a dynamic context
potential has to refer to a
certain year.
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RES potentials — Total energy sector
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RES potentials — Electricity sector
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RES potentials — Heat sector
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RES potentials — Transport sector

Key parameter

B RES long term (2030) potential.- share on 2030 demand (MT)
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Scenario definition

Three main policy storylines have been investigated:

» Muddling through: Global Baseline RES development

» Europe Alone: Alternative RES development within Europe and
baseline RES development in the RoW

» Global Regime: Alternative RES development on global scale

Strengthened national policy: Accelerated RES deployment,
assuming that the European RES policy framework will be improved with
respect to its efficiency & effectiveness (i.e. strengthened national RES
support incl. flexibility mechanism for 2020 national RES target fulfillment).
These changes will become effective by 2011 in order to meet the agreed
target of 20% RES by 2020 and the ambition is continued beyond 2020.

Improvements refer to both the financial support conditions (if necessary) as well as to non-financial
barriers (i. e. administrative deficiencies etc.) where a rapid removal is also preconditioned.

With respect to the Global Regime, sensitivity runs are carried out, highlighting the importance of
efficient policy measures to be implemented. Consequently technology specific premium tariffs are
considered as well as guota systems based on technology neutral Tradable Green Certificates schemes
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Scenario results —

Muddling Through

% deployment  ,,,; .

European Union 27

2020 2030

Share of RES-E on electricity demand 16% 20%
Share of RES-H on heat demand 10% 12%

24% 26%
12% 14%

RES-deployment - in relative terms

Share of RES-T on transport fuel demand 1% 1% 6% 7%
Share of RES on final demand 9% 11% 13% 15%
Share of RES on primary demand 7% 8% 11% 14% (Eurostat convention)
10% 12% 16% 19% (Substitution principle)
ountry % RES-E % RES-H % RES-final Proposed RES
breakdown 2010 2020 2030 IPLEGINPIPI P 2020 2020% targets
Austria 64% 63% 61% 29% 28% 32% 1% 4% 5% 28,9% . 28,9%
Belgium 6% 10% 11% 4,3% & 4,3%
Denmark 34% 34% 43% 31% 34% 36% 0% 0% 0% 22,7% 22,7%
T Finlang S0 2AT 255 29.4% O 29, 4%
: H : France 18% 22% 24% 17% 16% 19% 2% 10% 12% 16,2% 16,2%
: « No target achievement ;|  comen sow o sew
: : Greece 12% 19% 22% 17% 21% 25% 1% 6% 7% 15,1% 5 15,1%
: : Ireland 13% 21% 35% 9,1% ¢ 9,1%
: : Italy 21% 29% 29% 4% 5% 7% 1% 5% 6% 10,3% o _ 10,3%
: H 1 H Luxembourg 4% 4% 4% 2,9% D * 2,9%
;o Hal’d|y any COﬂtI’IbUtIOI’] : Netherlands 10% 9% 9% 3% 3% 3% 1% 4% 5%  4,6% sé 4,6%
: . : Portugal 40% 45% 54% 24,2% & T 24,2%
: in the heat SEC'[OI’ : Spain 34% 45% 56% 12% 15% 18% 1% 5% 6% 19,3% o = 19,3%
: Sweden 52% 56% 63% 42,2% O 2 42,2%
R M United Kingdom 10% 18% 24% 3% 4% 4% 1% 3% 5% 7,1% g 9} 7,1%
: : Cyprus 1% 2% 3% 61% 5T  61%
E . : Czech Republic 6% 12% 15% 10% 7% 5% 2% 8% 8% 8,6% 5“6 8,6%
: Estonia 3% 4% 11% 17,5% ® 5 17,5%
: e Low Iincrease of RES ; O S ST
: : Latvia 36% 38% 35% 26,7% o 9§ 26,7%
: Shal’e be Ond 2020 : Lithuania 4% 5% 11% 31% 30% 34% 0% 3% 11% 156% © © 15,6%
y . Malta 0% 1% 1% 2,6% 20 2,6%
Poland 6% 12% 15%  11% 11% 11% 4% 14% 13% 11,6% 5 o 11,6%
Slovakia 20% 23% 24% 9,2% TE  9,2%
Slovenia 27%  32% 30% 25% 28% 39% 0% 0% 1% 20,3% £ o 20,3%
Bulgaria 10% 10% 13% 11,6% S = 11,6%
Rom ania 31% 30% 30% 21% 18% 18% 0% 1% 6% 16,9% % © 16,9%
EU 27 19,6% 24,0% 26,5% 12,1% 12,2% 13,8% 1,3% 5,9% 7,0% 13,2% 13,2%
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Scenario results — Europe Alone

o European Union 27
Yo deployment ;.00 3020 2030

Share of RES-E on electricity demand 16% 20% 35% 50%
Share of RES-H on heat demand 10% 12% 20% 31%

Share of RES-T on transport fuel demand 1% 2% 8% 10%
Share of RES on final demand 9% 11% 20% 30%
Share of RES on primary demand 7% 9% 18% 26% (Eurostat convention)
10% 13% 23% 35% (Substitution principle)
Country % RES-E % RES-H % RES-final Proposed RES
breakdown 2010 2020 2030 Bk oRwlollo Bwiik]] 2020 2020* targets
Austria 69% 83% 88% 29% 37% 46% 1% 5% 7% 37,5% 38,2% 112%
Belgium 6% 13%  20% [EGIINCTANINISEA 0% 9% 1% 9,2% & 9,2%
Denmark 35% 43% 89% 31% 38% 52% 0% 11% 18% 30,1% R 29,4%
T penma Sow 330 450 PO B 102 5 o6 o
N E France 19% 31% 47% 16% 26% 37% 4% 10% 8% 22,7% « 21,9%
: e« Exact target : Germany 14%  329% 399 INCHEMSURMIEER 4% " 8% 0% 16,7% - 16,7%
M R Greece 13% 26% 49% 16% 23% 31% 2% 8% 8% 18,9% a 19,2% 106%
: h t 1 2020 : Ireland 14% 40% 88% NSNS 2% 9% 11% 15,7% = 15,9%
N aC Ievel I Ien In E Italy 21% 30% 34% 4% 11% 27% 2% 7% 9% 14,2% = 14,6%
: : Luxembourg 4% 10%  16% [INIENNNCORNNOE 1% 6% 7%  6,2% O  7,4%
H E Netherlands 10% 23% 41% 2% 6% 13% 1% 6% 8% 10,1% © -g 11,0%
: . . . : Portugal 41%  59%  87% NEEEEENEONESEE WL ININ%  31,4% & T 34,0% 110%
: . Spain 34% 59% 86% 12% 20% 34% 2% 7% 4% 25,2% Sz 26,0% 130%
A Well contribution in all : Sweden 55% 64%  50% INSENGMNSSUSMNNBNUE 3% %%  46,1% S 3 45,5%
: . United Kingdom 11% 34% 53% 3% 8% 20% 1% 7% 10% 13,8% %Y @ 14,5%
: three ener sector : Cyprus 1% 17%  41% ISRENRSENERE A8 11,9% GG 13,4%| 13%]| 103%
E gy . Czech Republic 7% 19% 22% 10% 16% 22% 4% 9% 9% 14,9% o 5 14,8% 13% 114%
: : Estonia 3% 14% 38% SECNS00A0Y 0% 4% = 8% 28,1% T o 30,1%| 25%| 121%
E : Hungary 6% 21% 25% 8% 17% 28% 3% 12% 18% 16,4% 8—;/ 15,3% 13% 118%
: . . : Latvia 38%  60%  74% [NSERCNNNCIRGNEIE W07 NS % 44,7% _ §  45,3%)| 42%]| 108%
. . Lithuania 5% 15% 44% 32% 48% 61% 3% 15% 42% 30,4% © © 27,5% 23% 119%
i «  Ambitious increase of P i 0% 16% " 22% SR S M8% o7 20 10,30 10%| 10
. E Poland 6% 20% 33% 12% 20% 30% 6% 16% 23% 19,1% 'qC) o 17,2% 15% 115%
: RES Share be Ond 2020 : Slovakia 20% 32%  36% ICECNINCONIPNEE] 0% 7% 12% 18,4% TE 18,5%| 14%| 132%
H y E Slovenia 29% 45% 41% 24% 41% 55% 0% 2% 5% 29,5% 20 31,9%| 25% 128%
Bulgaria 10% " 20% " 33% NSNS A%E  22,5% S = 21,5%)| 16%| 134%
Romania 32% 48% 58% 21% 25% 35% 1% 20% 25% 28,8% % © 26,5%| 24% 111%
EU 27 20,4% 35,3% 49,9% 12,1% 19,7% 30,6% _2,3% _8,3% _9,7% _ 20,1% 20,1%] _ 20%]| _ 100%
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Scenario results — Global Regime / Full Trade

o European Union 27
Yo deployment ;.00 3020 2030

Share of RES-E on electricity demand 16% 20% 36% 48%
Share of RES-H on heat demand 10% 12% 19% 30%

0 103% (SUBSTITUTION)

Share of RES-T on transport fuel demand 1% 2% 8% 10%
Share of RES on final demand 9% 11% 20% 29%
Share of RES on primary demand 7% 9% 18% 25% (Eurostat convention)
10% 13% 23% 33% (Substitution principle)
ountry % RES-E % RES-H %% RES-final Proposed RES
breakdown IR IPIP k] 2010 2020 2030 2020 2020% targets
Austria 69% 81% 8/% 29% 3/% 45% 1% 6% 7% 37,4% . 38,0%| 34%| 112%
Belgium 6% 12% 15% 8,9% & 8,9%
R R ALY Denmark 35% 51% 102% 31% 38% 49%, 0% 11% 20% 32,0% 2 31,4% 105%
: t t t : Finland 29% 37%  43% S AeeYsl 0% 5% 8% 40,2% 2 40,7% 107%
‘e E g : France 19% 28% 42% 16% 25% 37% 4% 11% 8% 21,8% 21,0%
: Xact targe : Germany 14%  35%  37% NCOCHINIAVANINDRTE 4% 8% 12% 17,3% 17,2%
: . . : Greece 13% 25% 46% 16% 24% 29% 2% 8% 10% 18,5% 18,8% 105%
: achievement in 2020 : Irefand 1%  a0% 84 INSTMNMNURNINON 2% 9% 0% 152% o 15,5%
: : Italy 21% 30% 31% 4% 11% 26% 2% 7% 9% 14,0% u _  14,4%
: : Luxembourg 4% 9%  15% ISV 58% D 7,1%
: : Netherlands 10% 31% 40% 2% 7% 14% 1% 6% 8% 12,1% &S 13,1%
: : Portugal 41%  56%  79% SRS  31,9% & © 33,0% T06%
4 Lower RES-E Share due : Spain 34% 60% 90% 12% 20%  32% 2% 7% 6% 253% = 26,1% 130%
: : Sweden 55%  63%  77% [SENCNNSRSEE SO 3% 45,6% > 45,2%
: H : United Kingdom 11% 32% 51% 3% 9% 18% 1% 7% 10% 13,5% S © 14,3%
: to hlgher demand : Cyprus 1% 16%  35% SNSRI 12,2% ST 13,7%| 13%|  io%
: : Czech Republic 7% 18% 21% 10% 16% 22% 4% 8% 10% 14,8% O 14,8%| 13%]| 114%
: : Estonia 3%  22%  42% BSOS 0% 4% 7% 30,0% T 5 32,1%| 25%| 120%
M . Hungary 6% 20% 23% 8% 17% 26% 3% 12% 18% 16,2% 8'1; 15,2% ‘ltgzjo 117%
: e . : Latvia 37%  55%  72% [SECIGORIIEY 0% 8% 13%]| 43,5% o 44,0% 6| 105%
e Ambltlous INcrease Of : Lithuania 4% 16% 43% 32% 47% 59% 3% 15% 41% 30,2% %jmj 27,4%| 23%| 119%
: : Malta 0% 16%  22% IS s e%]  2.0% 2B 10,1%| 10%| 101%
: h b d 2020 H Poland 6% 19% 32% 12% 20% 28% 6% 15% 21% 18,8% = g 17,1%]| 15%| 114%
: RES share eyon : Slovakia 20%133% " 36% ISR 19,0% S 2 19,3%| 14%| 130
I Slovenia 29% 44% 41% 24% 39% 53% 0% 2% 5% 28,8% £ o 31,3%| 25%| 125%
Bulgaria 10% 20%  30% SIS 2% %% 22,1% O = 21,1%| 16%| 132%
Romania 32% 46% 57%  21% 24%  32% 1% 20%  25% 27,7% % © 255%)| 24%]| 106%
EU 27 20,3% 35,6% 47,9% 12,1% 19,5% 29,6% _2,3% _8,5% 10,3% _ 20,0% 20,0%] 20% JETYA
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Comparison — Development of different policy storyli nes

. Biofuel import

2nd generation biofuels —‘

1st generation biofuels | E——— B EA - Optimised national policies

Transport

NS

Heat pumps
EMT - BAU

Solar thermal heat. & water

S0lid biOMESS (O~ FiC]) |

Geothermal heat (grid)

Heat
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—
—
Solid biomass (grid) |———
Biogas (grid) m

Wind off Shore |1

i

WWiNd ONSh O |——————————————————————

Tide & wave | —

Solar thermal electricity

Photovoltaics |m—
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Electricity

Hydro large-scale
Geothermal electricity

Biowaste

200 300 400 500 600 700 800 900

Energy generation (electricity, heat transportfue 1)
from NEW RES plant (installed 2006 to 2030) [TWh/yr ]

Due to higher CO2 constraints for Europe, electricity wholesale prices  in the Europe Alone
scenario are higher and hence a stronger RES-E contribution is expected than at global common
CO2 constraints
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Policy sensitivity — Different policy support measur es

« Strengthened national policy:

National policy implementation in order to meet the

20% RES target

 Harmonized premium feed-in tariff. Common premium on top of the electricity
wholesale price in order to meet the 20% RES target

 Quota system based on technology neutral, tradable green certificates:
Quantity driven with a maximum price on top of the

4.500

4.000

3.000 T

cumulative energy generation by sector (2006-2030)  in
[TWh]

Global Regime - Full Trade
Strengthened nationa

4.500

electricity wholesale

Global Regime - Ful

Global Regime - Full Trade
Harmonized Feed-In premium

4500
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Quota svstem on TGC (pen75)

Globad Regime - Full Trade
Quota system on TGC (pen 150)
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Less RES generation
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to fail the 20% RES by 2020 target,
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Policy sensitivity — Different policy support measur es

' Biofuel import ——— n
=
% 2nd generatichiuiBiiEg M GR - Optimised national policies
§ 1st generation biofuels
= [1GR - Quota tech neutral penalty 75
7~ Heat pumps

Solar thermal heat. & water
Solid biomass (non-grid)
Geothermal heat (grid)

Heat

Biowaste (grid) |

Solid biomass (grid

200 300 400 500 600 700 900
Energy generation (electricity, heat, transportfue  I)

from NEW RES plant (installed 2006 to 2030) [TWh/yr ]

Strong deviations of RES generation for currently novel, more expensive technologies which are
needed for challenging future RES targets (wind offshore, PV, solar thermal electricity)
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Costs of enhanced RES deployment

Required investment in order to meet the enhanced RES deployment in
2010, 2020 and 2030

Muddling Through - Europe Alone - Globa Regime - Full Trade -
Business as Usual Stregthened national policy Stregthened national policy
120.000 120000 120.000
100.000 100.000 100.000
- W RES-T total
QED W RES-H total
g 80.000 RESiEais 80000 80.000
8
c
=
g 60.000 60.000 60.000 1
17
g
£ 40.00 40000 — 40000 —
E r
S
£ O
| |
20.000 | . e R __ 20000 — — 20.000 ,7- | |
0 i i i i 0 i i ; ) 0 i : :
2006 2010 2020 2030 2006 2010 2020 2030 2006 2010 2020 2030

Only moderate increases are expected in the Business as Usual case

A tripling of investments is expected within the next 10 years in order to meet the target ->
Need for efficient and effective policy measures to limit consumer expenditures

Less investments have to be taken beyond 2020 due to learning effects and decreased costs
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Costs of enhanced RES deployment

transfer costs for society

Corresponding consumer
expenditures = policy costs
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180.000

150.000 -

transfer costs for society
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Tripling the investments
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: doubling of policy costs

. RES-Etotal mR
180.000

014 2016 2018 2020 202

150.000 -

120.000 ~

transfer costs for society

&

3

o

0y

&= 90.000 -
e

[}

=]

014 2016 2018 2020 2022

nergy

L
conomics % Fraun

roup

2024 2026 2028



Sensitivity cases : Costs of enhanced RES deployment
according to the different policy options

Global Regime - Full Trade Global Regime - Ful Trade Global Regime - Full Trade Global Regime - Full Trade

Strengthened national Harmonized Feed-In premium Quotasystem on TGC (pen75) Quotasystem on TGC (pen150)
200.000 200.000 200.000
200000
W'
=3
£ 160.000 160.000 160000 160000
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'E'.é 120.000 120.000 120000 120000
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©
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o
o
2
0
o
3 40.000 —  40.000 40.000 40000
©
2
é —— — — —
0 T T | 0 T T 0 0 T T
2010 2020 2030 2010 2020 2030 2010 2020 2030 2010 2020 2030

Only technology specific support options meet the 20% RES in 2020 target (left figures)

Nevertheless, technology specific options result in lower consumer expenditures due to
enhanced RES support

Increasing the limit of certificate prices hardly increases the RES generation but tremendously
increase the policy costs, hence the consumer expenditures
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Sensitivity cases : Costs of enhanced RES deployment
according to the different policy options
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Contribution of RES to decreasing import dependency

Muddling Through:

267 Mtoe avoided fossil fuel consumption in 2030 due to domestic RES
generation, meaning 78 billion Euro

Europe Alone:

540 Mtoe avoided fossil fuel consumption in 2030 due to domestic RES
generation, meaning 146 billion Euro

Global Regime — Full Trade:

539 Mtoe avoided fossil fuel consumption in 2030 due to domestic RES
generation, meaning 145 billion Euro
Oil imports can be reduced by 18%, gas imports by 51% and coal imports
even by 68%.
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Conclusions — General implications for security of ene rgy supply

 Anincreased use of RES in the electricity, transport and the heating sector
may contribute considerably to decreasing import dependency

» Additional benefits of RES with regard to the achievement of climate change
targets

» But: Decrease in import dependency involves certain transfer costs for
society

 Economic risk: competitiveness of RES is expected to improve in the future

* Other threads resulting from the specific character of RES (variable power
output) seem to be still manageable - May require certain changes in
system operation and infrastructure
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