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Renewable enerqy sources ( RE.S) have become more and more relevant
in the European and global energy markets.

RE technologies help ...

- decreasing import dependency

- diversifying sources of production, and

- contribute to a sustainable development.

Recent political developments in Europe ...

10 January 2007 ..  The Commission publishes the Renewable Energy Road Map
(COM (2006) 848 final) (as part of the integrated energy and climate change package
“Energy for a changing world”)

9 March 2007 ... The Council of the European Union agrees ...

> to increase RES-share in EU energy mix up to 20% by 2020
- Binding overall RES target for each Member State
ie. —> National targets covering the whole enerqy sector.

- Minimum 107% biofuels in each Member State.

23 January 2008 .. The Commission publishes the Proposal of the new RES directive ...
... the overall 20% target for RES was broken down into national RES targets for 2020 ...

1 Intelligent Energy



RES-H - energy output [Mtoel/year]

RES-E - energy output [TWh/year]

Green-X balanced scenario
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» Future perspectives: .. a scenario on how to meet the new

challenge ...
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20% RES by 2020 W Total realisable RES potential up to 2020

- proposed national RES targets O Proposed RES targets for 2020
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> Core Objective - Method of approach

Support instruments have to be
. effective for increasing the penetration of RES-E and

- efficient with respect o minimising the resulting public costs over time.

Public costs or transfer cost for consumer / society (due to the promotion of RES-E) are defined as direct premium
financial transfer costs from the consumer to the producer due to the RES-E policy compared to the case that consumers
would purchase conventional electricity from the power market.

This means that these costs do not consider any indirect costs / benefits or externalities
(environmental benefits, change of employment, etfc.).

Example: 2000mwi
Feed-in tariff for e R

a wind power plant

(1 MW, 2000 MWh/year) premium:
50¢/mwn . p Year'ly
. B ransfer cost:
Market Price  onventional electricity ~ 40 €/MWh 100'OOO€ /year
- Financial premium =
= 90 - 40 = 50 €/MWh Peon’
40</mwh

> Yearly transfer cost =

= Premium * Generation = |
= 50*2000 = 100 k€/year 1 Intelligent Energy
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> Core Objective - Method of approach

>

price, costs
[€/MWh]

Pmc (1 ..............................................................................................

Producer surplus (PS)

MC

Market clearing

The criteria used f or the price = price
eva /U af /'0 N o f for certificate <
various instruments

are based on:

P rrmsmmmmmmenen s e

‘Minimise generation costs

-Lower producer profits

Quota Q quantity
------------------------------------------------------------------------------------- [GWh/year]
: Transfer costs for consumer _ .
PS+GC-p:.*Q
-..(?99'.?'9.09.'.99?1%.f.‘?.r..?’.‘?.(?'.?t.Y).........................................:
pc ... market price for Ppwmc ... marginal price for MC ... marginal
(conventional) RES-E (due to generation costs

electricity quota obligation)
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The 6reen-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
*Allowing forecasts up to 2020 on national / EU-27 level

Base input Economi Scenario
information conomic Information
market and policy
Country o assessment Policy
selection potential, costs, strategies

offer prices selection
Technology
selection * Social behaviour
Power Investor/consumer
generation Simulation of Externalities
(Access Database) market interactions
Electricity RES-E, CHP, DSM Framework
demand reduction power market, EUAs SR
(Access Database) ’ (Access Database)

¥

Results Costs and Benefits on a yearly basis (2005-2020 )

Reference clients: D6 RESEARCH, DG TREN, DG ENV, Sustainable Energy
- Ireland, German Ministry for Environment,
- European Environmental Agency, eftc.
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“This research project is supported by the Eurapean Cammission, G Research under theFifth Framework Programme
and contributing ta the implementation of the Key Action "Sack e

of sustainable development. Msthodalagies for glot

Deriving optimal promotion strategies
forincreasing the share of RES-E g
In a dyhamic Eutopean electricity market sy

Platform Win2000 SP3
Win XP SP1

Version 4.4.3

Thomas Faber, Claus Huber, Gustav Resch Tl’

Energy Economics Group
Vienna University of Technology WIEN

viewg optimal prometion sty
Sraltion, Renls A

Ooa& v @2

Select IGErmany jled onshore

Germany
Wind onshore

Feedin taif | Tendring system| Tradable Green Cenficates | Addiionsl instruments |

¥ Feed in tariff
# Fixed tariff

© Premiurn tariff
Walid for plants not elder than 19 year(s)

Guaranteed tariff for 20 year(s)
" Flatrate

Walug E/Mivh
# Stepped rate
Maximum value 8626 &MWh Fullload hoursto 1300 hd
Minimum value B1.74 EMWh Fullload hoursta {3276 -

TARIGI MK Do per year

o e e
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The Green-X approach:
Dynamic cost-resource curves

Potentials Costs of electricity

by RES-E technology (by band) *by RES-E technology (by band)
by country by country

DYNAMIC costs ,

COST-RESOURCE CURVES —

by RES-E technology .

-by country
4 by year

>
potential

Dynamic aspects \\
- Costs: Dynamic cost assessment | (technological change)
(Po tentials: Dynamic restrictions Y, (technology diffusion)

...............................................................................................................................................
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"National policy
optimisation versus
harmonisation”

- Results of 6reen-X model
runs recently conducted
within the EIE project

o 1156 TWh
Historical development (improved national

Indicative RES-E Target (2010)

Introduction of harmonised policies (2015) polici
BAU-forecast
L

35%7

Strengthened national policies

- ====. Technology-specific
harmonised FIT scheme

1 TWh

Non technology-specific

deployment [%)]
N N
o (@)
s

0 harmonised TGC system (BAU)
OPT o currently updated } 159
4N  and extended Ty
(6O-trade, eftc.) s
0% T T T T |
Invesh_'qafed 1990 1995 2000 2005 2010 2015 2020

Cases" :ooooooooooooooooooooooooooooooooooo.

: NO HARMONISATION HARMONISATION IN 2015

Improved Technology- Non technology-
national specific % specific 3
policies support ; support
Efficient & effective Feed-in tariffs Eluota obligation based
national policies - harmonised on TGCs - harmonised

...............................................................................................................................................
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Total electricity generation from RES (EUZ5)
as share of gross electricity demand

BAU scenario .. how far will we come with current RES policies?
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P (3) RQSUltS - Results from the Green-X model

Total electricity generation from RES (EUZ5)
as share of gross electricity demand

BAU versus Improved national polices

40%
)
D I 35%
o £
o
25 30% -
8 >
25 25% -
c s
=5
-2 20% -
c O —
DR U with low energy
; 3 prices
O =

~4==BAU - continuation of
current national RES-
E policies
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Improved national
) ~ 2 B o Bl [y ]
BAU scenario policies scenario
1200 1200 -
% Wind offshore
i il Wind onshore
S 1000 1000 -
= Tide & wave
@ Il Solar thermal electricity
o 800 ‘ 800
o=  Photovoltaics
>0
s> S S s Hydro small-scale
= £ 6008 MR 600 -
e E : nﬂ,l[m" : B Hydro large-scale
[}
° # Geothermal electricity
: 400 400
L ¥ Biowaste
(7))
w B Solid biomass
o 200 200

# Biogas
& Total stock (end of 2004)

2005
2007
2009
2011
2013
2015
2017
2019
2005
2007
2009
2011
2013
2015
2017
2019

... both cases based on purely national support schemes
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(3) Results
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Breakdown of investment needs

for new RES-E plant

(installed in the period 2005 to 2020)on EU-25 level

BAU scenario

Breakdown of cumulative investment needs
for new RES-E plant (installed 2005 to 2020)

Wind
offshore BiOQO?S < Blgvgao/ste
0 6,1 :
%48 g biomass iy
o,
& Geothermal
electricity
0,2%
. - Hydro large-
Wind ' Total: 234 Slll. € e
onshore "‘ 4.9%
35,3%
Hydro small-
scale
|‘ i 1,4%
B
Tide & wave Solar thermal I it
1,4% electricity otovoltaics

0,
4.4% 18,5%

Improved national
policies scenario

Breakdown of cumulative investment needs
for new RES-E plant (installed 2005 to 2020)

Biowaste
_ Biogas  gglid 4,1%
offV\s/ ;::re 7,6% piomass
22,5% 11,8% Geothermal
j electricity
0,2%
/ Hydro large-
_ : scale
M Total: 3?0 Bill. € .
Hydro small-
scale
Wind 2,3%
onshore 5
26,5% /
. Solar thermal Photovoltaics
T|de1 8(;0\7 e electricity 18,6%
= 1,0%
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Cost reduction within the

due to technological learning

Resulting cost
reduction for
RES-E
technologies

Cost reduction - share of initial

investment costs (2005) [%]

100% &

90%

80%

70%

60%

50%

— Hydropower
=¥ Geothermal electricity
@ Biomass - cofiring & large-scale plant
—— Solid biomass - small-scale CHP
—— Gaseous biomass
B Gaseous biomass CHP
=—0—\Wind energy

Tidal & wave

Solar thermal electricity
=+ Photovoltaics

T T T T T T T T T T T T T T 1
N © I~ 0 O O «~ N OO I IO © ~ 0 O O
O O O O O ™ ™ ™™ ™™ ™™ ™ ™ v v v« «
o O O O O O O O O O O O O O o o
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Cost of electricity - at present (2005)
& future expectations (2020)

B present (2005) cost range
% future (2020) cost range

Wind offshore % IiW %
Wind onshore g 7 ;
Tide & Wave g / %
Solar thermal electricity § b %
Photovoltaics ,Z 233333232 gig Emﬂéfm
Hydro small-scale : "|V
Hydro large-scale F "|7 7
Geothermal electricity ||IV %
Biowaste g =iﬁ%
(Solid) Biomass 7 %
Biomass cofiring |II/ 2
Biogas /7 A ‘ ‘

0 50 100 150 200 250 300
(Long-run marginal) Cost of electricity [€/MWh]
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(Average) financial support for new RES-E plant Improved
Unit: €/MWh s national

This indicator shows the dynamic development of necessary financial support for new lici
RES-E installations (on average). .. The amount represents from an investors point- policies
of-view the average additional premium on top of the power price guaranteed (for a

. ; . . : VEIsus
period of 15 years) for a new RES-E installation in a certain year, whilst from a
consumer perspective it indicates the required additional expenditure per MWh,, ¢ for BAU
a new RES-E plant compared to a conventional option (characterised by the power price).

70 Wind offshore 28 46
; 29
- Wind onshore 32
Tide & wave ,— 59
50 - A Solar thermal electricity
Photovoltaics
40 21

Hydro small-scale 38
o8 \X Hydro large-scale g 15
N Geothermal electricity 28 u7

20 - Biowaste 3‘}]
=== |mproved national policies

48
48

Solid biomass

for new RES-E plant [E/MWh gs]

e

..Improving national policies:
hlgher RES dep/a ymem‘ with less spe(:/f/c supporf

..............................

Financial support (premium to power price)

..............................................................................................................................................
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Transfer costs for consumer Improved
(due to the promotion of RES-E) national
Unit: M€/year or €/MWhycyan policies

Transfer costs for consumer / socfety (sometimes also called additional / premium
costs for consumer / society) are defined as direct premium financial transfer costs
from the consumer to the producer due to the RES-E policy compared to the case BAU

that consumers would purchase conventional electricity from the power market.

Versus

#» Wind offshore

28 Il Wind onshore 25
Tide & wave /
Il Solar thermal electricity =~ 20 7
M(”(ﬂ(| - Photovoltaics H i
e il
|

N
o

vy
|H B Hydro large-scale
il

[Billion €/year]
o

m H“ ¢ Hydro small-scale 15 -
Il

M(H( [

-
(@)
|

due to RES policy

® Geothermal electricity 10 77]"” .

# Biowaste

Yearly transfer cost for society

H Solid biomass

..impro Vin% national policies:
higher RES deployment requires
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..................................... h
o

......................................



Consequences of possible

nergy harmonisation and

lg"m ..... ()RESUIS - reouts ram the Greont moce
Transfer costs for consumer Improved
(due to the promotion of RES-E) national
Unit: M€/ year or €/MWHhscuinn policies
Transfer costs for consumer / society (sometimes also called additional / versus

premium costs for consumer / society) are defined as dlirect premium financial
transfer costs from the consumer to the producer due to the RES-E policy BAU
compared to the case that consumers would purchase conventional

electricity from the power market.

=7/¥=|mproved
national policies

- BAU -
continuation of
current national
RES-E policies

N W A 01 O N 00 ©

Yearly transfer cost for society
due to RES policy (premium per
MWh gross demand) [€/MWh el

2020 -

\ \ \ \ \ \
< (o] © N~ (o0} »
~— ~— — ~— ~— —
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Improved
national
Remark: policies
How can (national) support policies versus
BAU

be strengthened / improved?

» Remove non-financial deficits
- i.e. administrative barriers (planning, bureaucracy), technical barrier (grid connection /
extension)

» Target new support schemes solely to new RES-E installations

» Guarantee, but strictly limit the duration of financial support
» Include the full basket of available RES-E options

» Set incentives to accelerate future cost reductions

1 Intelligent Energy || Europe
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(3) RQSUltS - Results from the Green-X model
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Improved national policies
VErsus

Harmonisation
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(3) Resu ltS - Results from the Green-X model
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Breakdown of electricity generation  Improved national policies

from new RES-E p/am‘ versus Harmonisation
(installed in the period 2005 to 2020)on EU-25 level

Wind offshore

Wind onshore
Tide & wave

% Harmonised technology-
specific support with

less novel technologies
(from 2015 on)

Solar thermal electricity
Photovoltaics

Hydro small-scale
B Harmonised

technology-specific
support (from 2015 on)

Hydro large-scale
Geothermal electricity

Biowaste B Improved national

policies

Solid biomass

Biogas

0 50 100 150 200 250

Breakdown of electricity generation by 2020
from new RES-E plant (installed 2005 to 2020) [TWh/year]




Consequences of possible

énergy_ harmonisation and
conomics H H H
coordination scenarios
roup
(3) Resu ltS - Results from the Green-X model

..............................................................................................................................................

(Average) financial support for new RES-E plant
Unit: €/MWhyes

.. represents the average additional premium on top of AR L el

the power price guaranteed (for a period of 15 years) versus Harmonisation
for a new RES-E installation in a certain year..

90 - Wind offshore ‘
o) :
o 80 Wind onshore ‘
= Tide & wave
S & 70 i
% § Solar thermal electricity
o
o= 60 - ¢ Harmonised Photovoltaics
e &, technology-specific
Sges support with less Hydro small-scale ‘
£ s novel technologies
Lo (from 2015 on) Hydro large-scale ‘
o L
- =0=Harmonised Geothermal electricity
o H:J technology-specific j
=r = support (from 2015 Biowaste ‘
S o On) - q
Dge Solid biomass ‘
cU —
= O :
g e =7/=|mproved national B|ogas
© policies \ \
=
I

0 50 100 150 200 250

Weighted average (2015 to 2020) of financial
support (premium to power price) for
new RES-E plant [E/MWh geg]
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TOTAL transfer costs for consumer

Improved national policies
(due to the promotion of RES-E) P p. ,
Units: M€ or 7% (in comparison to a reference case) versus Harmonisation

Total or cumulated transfer costs for consumer in 2020 summarise both the cumulated consumer
burden within the investigated period 2005 to 2020 as well as the residual costs for the years
after 2020. Its calculation is done as follows: The required yearly consumer expenditure in the period

2005 to 2020 as well as the estimated residual expenditures for the following years after 2020 are
translated into their present value in 2005.

Harmonised non technology-specific support (from 2015 on) 36,6
Harmonised technology-specific support with less novel technologies
(from 2015 on)

Harmonised technology-specific support (from 2015 on)

Improved national policies

BAU - continuation of current national RES-E policies

32,6
0 5 10 15 20 25 30 35 40
Cumulated* transfer cost for society due to RES policy for new RES-E plant (installed 2005 to
2020) as premium per MWh corresponding RES-E generation [€/MWh ggg]
*i.e. cumulated present value (2005) of yearly transfer cost

- > Expressed in specific terms, divided by their

induced cumulative (15 years) RES-E generation | Intelligent Energy Europe
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(4) ConclusionNS  _pesyits from the Green-x model
VLIV 8°0°0°80°80°0°0°0°0°0°0°¢°6°6°6°6°¢6666 6666 SCEEETTTTRTTTRIIIINININNNFIIISISIe

- General conclusion

|\ | The key criterion for achieving an
( ' enhanced future deployment of

W8 RES-E in an effective & efficient
manner, besides the continuity and long-
term stability of any implemented policy,
/s the technology specification of

the necessary support.

1 Intelligent Energy [ | Europe
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KTV P08 8°8°8°0°0°0°0°6°0°6°8°4°¢°6°6°6°6°6°6°66 66 EEEEETTTTWTWVTVULLD S D08 8°8°8°0°
)

National policy optimisation versus Harmonisation

The results suggest that the most significant efficiency gains can

W \")® be simply achieved through an optimisation of national RES-E

! L '/ support measures. :

" Further efficiency improvements at a considerably lower level
are possible by an EU wide harmonisation of support schemes provided
that a common European power market exists. |

If a harmonised policy is pursued, a technology specific support (eg. Feed-
in tariffs, Premium systems) IS SUperior to non-technology specific (eg.
common TGC-system) with respect to cost minimisation.

A premature EU-wide harmonisation can ..

- hamper the national optimisation process as well as ..

-  the overcoming of non-economic barriers at Member State level and can ...

- lead to significant market distortions if power markets are not fully
liberalised.

In addition, there is additional benefit from the competition of non-harmonised
systems during some time as the promotion schemes can learn

mutually from each other.

)
]
]
)
]
]
]
)
)
]
]
]
)
]
]
]

g

---------

...............................................................................................................................................
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Elements of the new proposal for
a RES directive

- Discussion on GO trade -

1 Intelligent Energy || Europe
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v GO trade - Results from the Green-X model

..............................................................................................................................................

> Flexibility by means of 60-trade - Why?

Trade of Guarantees of Origin - increasing
flexibility for the fulfilment of national

2020 RES targets

» RE trade based on Guarantees of Origin (GOs) as proposed by
the EC is a controversial issue.

» Ecofys, Fraunhofer ISI and Vienna University of Technology,
EEG examined concepts, critical issues and design options of

European GO trade in a briefing paper for the German BMU.
(Klessmann et al., October 2007)

1 Intelligent Energy || Europe
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> Flexibility by means of 60-trade - Why?

Rationale of European 60 irade

» Renewable energy potentials are distributed
unevenly across Europe.

» A trading option could help MS with low RE potential to
achieve their targets at lower societal cost.

» Potentially, this could lead to lower overall costs for reaching
the European 2020 targets.

» Using standardised GOs for trade and disclosure may
avoid double counting and double selling of RE.

1 Intelligent Energy || Europe
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> Flexibility by means of 60-trade - design options

General design options under discussion

» Mandatory or voluntary trade?
» Trade by Member States or private parties?

» Restriction of trade?

-Restriction to a certain percentage (of the target)?
-Restriction of import or also expor??

-GO trade of RES-E, or also RES-A?

» Further specifications?

1 Intelligent Energy || Europe
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> Assessment: Case studly ...

.. Unrestricted 60-trade by private parties

Critical issues of GO trade are discussed for the case of mandatory,
unrestricted trade by private parties, i.e.

» Member States are not allowed to block or restrict trade

» RES-E producers can choose to sell their RES-E domestically or
to governments and utilities in other MS

» RES-E producers can participate in the support scheme of
another MS, if they have not received support in their own

country

» No further specification

Note: This is the most extreme case, alternative trade designs may limit critical effects.

...............................................................................................................................................
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» Critical issue: Time frame for trade

~Cherry-picking” between
support schemes

» If producers can choose the support system which pays the
highest support every year, they undermine the long term concept
of most European support systems.

»Problem for target compliance: RES-E production of the
same plant could count to the target of one MS in one year
and another MS in the next year.

-~ Long term arrangement needed
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> Critical issue: T echnology unspecuflc suppor"l' (GOtmde)
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» A uniform European GO price for all RES-E would be set
by the marginal price of the most expensive technology sold.

> high producer surplus (,windfall profits")
for low cost RES-E options
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> Critical issue: Technology unspecific suppor‘r (60 trade)
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- High public transfer cost may arise
(high consumer expenditures)
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> Critical issue> Economic efficiency

+: higher cost-effectiveness from the static viewpoint with regard
to generation cost ... static least cost allocation of RES-E potentials
all over Europel

[2020: -3 ... 9 billion € Fuvz7)]

-: decreased dynamic efficiency!
.. delayed deployment of innovative RES-E options
> only at higher cost applicable when needed in the long-run!

-: decreased efficiency with regard to public cost (i.e. transfer
cost for consumer) ... high producer profits may lead to a dramatic
increase of consumer expenditures

[2020: ... up to +30 billion € uves)]
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» Critical issue: ,,Cross-border subsidies™
.. sell-out" of low-cost RE potentials

»Net exporting countries would lose their low-cost RE potential.
Their cost for achieving their RE target would increase.

» The cost for net importing countries would decrease.

> Net exporting countries would cross-subsidize net importing
countries.

But: benefits for their local industries, GHG reduction,
less air pollutant

In addition: The generated electricity still needs to be integrated into the
power system of the exporting country (grid connection,
reinforcement etfc.) = integration cost, interconnectors needed?
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» Concluding remarks

» Trade restriction (Import / Export) are necessary!

6O-trade at company / private level ...
» Only voluntary tradel

» Technology-specification of support is highly recommended,
but difficult to realise!

In general ...

» (Unrestricted) private trade = hidden harmonisation!
- A public debate on pro's and con's as well as with regard to the
choice of support instrument
(TGC/GO vs. Premium-FITs) is needed!

»Remove of non-economic barriers for an accelerated
RE deployment is necessary in order to assure the achieving
of the 20% target at low public cost!

»5O-trade at Member State level is preferential > offers
increased flexibility and contributes to a low cost solution!
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Forthcoming events: Regional workshops ..
Ljubljana, 11 April 2008

London, 25 April 2008 .. Focus: joint efforts to promote
offshore wind in the North Sea?

Rome, May 2008
Germany, June 2008

\ Final conference .. Brussels, November 2008

Thanks for your
attention!

In case of questions / remarks ... |

» Email: resch@eeg. fuwien.ac.at |
> Phone: +43-1-58801-37354 |
> ‘

or



