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1. Targets as cornerstones of the
German ,,Energiewende”
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. Tarééts of the Energy Concept 2010 . izes®
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Greenhous Shareof Overall Primary Electri- Energy Trans-
e gases alectr. share energy city consump port
(vs. 1990) CONSUmMp  consump in
tion tion buildings
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The triangle of electricity policy
l for 2020 / old government

>

izes
'gGmbH
Institut fOr ZukunftsEnergie me

Systel

35% Renewables

Other Framework

10% Reduction

conditions

* 3 further NPPs
off-grid

 no significant
storage expansion

e Grid restrictions
eliminated?

25% CHP
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The triangle of electricity policy

izes o
l | new government
40-45% renewables till 2025
no reduction target 25% CHP till 2020
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2. The German electricity system in
2012
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. Gross electricity generation 2012 izes *
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Gross electricity generation bdew

by energy sources in 2012 Emargie. Wassar: Leken.

Gross electricity generation in Germany in 2012: 617 billion kilowatt-hours*

Natural gas 11.3% gyl oil, pumped

storage and other
6.0%

Hard coal 19.1%

Wind 7.3%
Erneuerbare Biomass 5.8%
21,9%
Water 3.3%
Photovoltaic 4.6%
\\\ —__Municipal waste
0.8%
Lignite 25.6% Nuclear energy
16.0%
Sources: BDEW, AG Energiebilanzen, status: 12/2012 * provisional, partly estimated
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Development of renewables for

l electricity generation
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Development of electricity supply from renewable energy sources in Germany

B Hydropower
[ Wind energy
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* solid and liquid biomass, biogas, sewage gas, landfill gas and biegenic fraction of waste; geothermal electricity supply is not shown
due to small quantities involved:; BMU - E 11 according to Working Group on Renewable Energy-Statistics (AGEE-5tat); as at July 2n3;
all figures provisional

142.4

2012

10 [ Leprich, December 3, 2013, Athens ]

€1L0Z NING :224n0S



n o = Y
= Development of wind power izes ”
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Development of electricity supply from and installed capacity of wind energy plants (onshore and
offshore) in Germany
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. Development of solar power izes. .
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Development of electricity supply from and installed capacity of photovoltaic plants in Germany

[ Electricity supply & Installed capacity

5 - 35
326
=
an - 30
- 25,0
§25- # | % <
=
=
g =
= =
= 20 - 2 =
= 178 E
= =
= : £
= =
= 15 — | 15
: 5
= &
= 10.6 =
B | o F=
2 10 10
6.1
5 - a2 O 5
29 i
21 @
o
oL . _ = o I_l 22 a1 44 BE My 19.6 264 o
1990 1995 2000 2001 2002 2003 2004 2005 2008 2007 2008 2008 2010 2011 2012

12 [ Leprich, December 3, 2013, Athens ]

€1L0Z NING :224n0S



e —_—— o

|
1IZ€eS.....
Institut fOr ZukunftsEnergieSysteme

3. The technical components of the
future electricity system
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- System Part #1 |zesg§n>;

52 - 55
GW PV ]

The VRES (wind,

PV, water) will

cover half of the Variabie

total power

generation in the Renewable

medium run — due

to that they will Energy

determine the Sources

rationality of the

system

40-70 GW
Onshore

5-71 GW
Offshore
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By the way:

The development of wind and PV is increasingly less
justified with CO,, reduction targets, but increasingly
with

* increase of added domestic value

* job creation

* reduction of import dependency

» stabilization of electricity prices in the long term
 export opportunities of the system

 efc.
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Facilities for o
System Services N Vari
(FISS) are T ariable
network-related Renewable
facilities, usually

=
large power plants nerdy

Sources

S P
Ystem servic®

System Services

* voltage control
« frequency control
* reactive power

* re-establishment
of power
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Infrastructure as a system requirement

~ _. ;

mmunication \/Distributic;n

\Co

Renewa ble

Energy

ources

L Feed-in
’ Netv’vorks
” f

Networks
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Systel

\exibility Optio,,

Variab le
Renewable

Energy
Sources
8

Flexibility optio™®
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. The future electricity system izes ¥

GmbH
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4 technical system
components:

- VRES
FfSS
 FO
Grids
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4. System design: How to finance the
future electricity system?
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1st segment 1Z€S....

Systel

Variable

Renewable

Energy

SOUFCGS
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. Hypothesis: the markets will not do it! )

izes. .
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Market prices are declining; one of the reasons is the
,merit order effect“ which will continue

Preisentwicklung der Baseload Jahresfutures fiir die Jahre 2013 - 2017 seit

Preiseffekt AKW Moratorium Januar 2011
70
65
60 - :"N}M“ ALV A A, .
Ll WA Phelix
. A W A L) Baseload
A ~ A Year
= 'y
£ T R \\ Futures

Januar 2011 April 2011 Juli 2011 Oktober 2011 Januar 2012 April 2012 Juli 2012 Oktober 2012 Januar 2013 April 2013

Preis Baseload Future 2013

Preis Baseload Future 2014

Preis Baseload Future 2015
e Preis Baseload Future 2016 == Preis Baseload Future 2017
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VRES will not be able to recover
their investment costs through the
(wholesale) markets for the
foreseeable future
=»there has to be a “funding
mechanism”
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Funding mechanisms for VRES izes ¥
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mechanisms with technology / regional differentiation
Feed-in .
tariff Premiums
market premium in cttkWh capacity premium
sliding fix (in €/kw)
adminis- adminis- adminis-
tered auction tered auction tered auction
technology neutral mechanisms
. Quota
Premiums Obligation
fix market premium capacity premium
(in ct/kWh) (in €/kW)
adminis- adminis-
tered auction tered auction
W Cuota obBgation Feed-in premium
Feed-in tariffs
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The German discussion on

electricity prices

EEG-Umlage fiir Haushaltsstromkunden in Deutschland

IN EURO-CENT PRO KILOWATTSTUNDE

6,24
5,28

The levy

3,53 3,59

2,15

1,30
041 054 063 078 0% gl
b ] i Sl -

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
Quelle: BMU, EEG / KWK-G, Reuters

izes *
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bdew

Strompreis fir Haushalte

Durchschnittlicher Strompreise eines Drei-Personen-Haushaltes in ct/kWh
Jahresverbrauch von 3.500 kWh

28,73

25.23 2589 ﬂm

23,69 0126
23,21 m mouaﬁ‘ V5,217
wozs 133530 M52

D

17111653 1611171

u;]3941432 ﬁ ’
:719 179 )
2,28 0133 11,79 ’ 1'79

1,79 1,79

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013
mErzeugung, Transport, Vertrieh = MwsSt. mKonzessionsabgabe = EEG-Umlage* mKWK-Aufschlag m§19-Umlage = Offshore-Haftungsumlage m Stromsteuer

* ab 2010 Anwendung AusgleichMechV Quelle: BDEW, Stand: 04/2013

Monatlic rsonen-
ooy Energy costs
Rund drei Viel d Auto,
ein Viertel auf Strom.
Strom
(inkl. EEG-Umlage]): Benzi‘n
75 Euro (25,4%) : o
(3.500 kWh/a) “ 40 L [39,3%]
Heizdl: 104 Euro
(35,3%)
(1.400 l/a) o
Quellen: BMWi, ei Berech o0
'Stuaencle:nOh’Z[ﬂ3I SRR www.unendlich-viel-energie.de
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thaushalts

n Warenkorb.

Wohnen, Gas und
andere Brennstoffe
(28,3 %)

Freizeit,
Unterhaltung,
Kultur, Nachrich- L
tenubertragun
l1lo.7
Nahrungsmittel, :
Getranke, Tabak
(14,3 %)

Verkehr (13,2 %)

EEG- Umlage

- . 0,3%)

Strom* (2 2\

Beherbergungs- und Gaststat-
tendienstleistungen (4,4 %)

Gesundheit und Bildung (4,7 %]
Bekleidung, Schuhe,

Einrichtungsgegen- andere Waren und Dienstleistungen
stande (10,5 %) (7,4 %)

i

IfnE, eigene Berechnungen; Stand: 10/2011

Quellen: Statistisches Bundesamt, BMWi, UNB, * exklusive EEG-Umlage cfj
e

. . P
www.unendlich-viel-energie.de &




The ,,best” funding mechanism @
. — /4
- is the FIT izes.

= it has low financing costs due to low investment risks
= it has been very effective

= it has accomplished a broad variety of private
investors to participate in funding the plants

= it is easy to administer

= it has brought the cost down significantly
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. At the end of the day .... izes ¥
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- Scenario 2011 A; all renewables; pricepath A -

150
|:| Photovoltaic

Electrici
photovo alc

100 |

50

Bxen 1UDIFKUMGES; 121111

150

Cumulative differential costs, billions EUR(2009)
tn
=

200 |
[ Cumulative value 2041- 2050: -543 billions €

250 —----- [~————-—-—-——-- [~——~—=—-———=-- C—--—-—-
bis 2010 2011-2020 2021-2030 2031-2040

Figure 19: Cumulative system-analytical differential costs of entire provision of energy from
renewables in Scenario 2011 A for 10-year segments and price path A

... an electricity system based on renewables is
cheaper than one based on fossile fuels or nuclear
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. 2nd segment izes....
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To do:
%
The S
Q .
renewables N Variable

have to take
over Renewable

Energy

SOUFCGS

/ < Stem ServicSg
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- 3rd segment izes. .

To do:

Better /
harmonisation Variable
between the
dispatch Renewable
markets and

the VRES Energy

SOU rces

/ S Stem ServicSg \

o |
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4th segment izes. -

Variable

Renewable

Energy

SOUFCGS

System Service®

Q )

W . &
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i The design of capability mechanisms ... izes “
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= |Ss necessary in order to ensure the supply of the
public good “security of supply”

= |s complicated

= s very difficult with respect to timing

=S

=S

N0ou

N0ou

d avoid large free-rider effects

d be compatible with the necessities of the

system transformation and climate policy

= should be harmonized at least with mechanisms of
neighboring countries
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= The center of the German Energiewende is the
electricity system

= The future electricity system will be dominated by
variable renewable energies; they will define the
rationality of the system

= Therefore the challenge is much more than “market
integration” of renewables; it is a fundamental “system
transformation”

= To finance the future electricity system one has to have
a specific funding mechanism for VRES

= To guarantee security of supply as a public good one
has to complete the system with capability mechanisms

____that reward the provision of capacity
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Thank you very much for
your attention!

Institut fur ZukunftsEnergieSysteme (IZES)

Altenkesselerstr. 17, Gebaude A1
66115 Saarbrucken
Tel. 0681 — 9762 840
Fax 0681 — 9762 850
email: leprich@izes.de
Homepage www.izes.de
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