THE GERMAN ENERGY TRANSITION
NUCLEAR PHASE-OUT 2021/22 - STATUS AND OUTLOOK

NUCLEAR ENERGY CONFERENCE 2015
LINZ, MAY 19TH

Presented by Claudia Kunz
Energy Advisor, Renewable Energies Agency, Germany

: AGENTUR FUR
: ERNEUERBARE

o0

unendlich-viel-energie.de



: RENEWABLE

: ENERGIES

: AGENCY

* renewables-in -germany. .com

1. AEE - Identity and Mission

2. The Energy Transition: German climate and

energy policy targets

3. Status and current developments in the German

power sector

4. Outlook and vision: 100 % Renewable Electricity

Scenario (“The new power world”)

5. Conclusions

The German Energy Transition - Nuclear Energy Conference, Linz, 19th May 2015



RENEWABLE

AEE: PROVIDING ADVOCACY FOR O &
RENEWABLE ENERGY

: AGENTUR FUR
: ERNEUERBARE
: ENERGIEN

Federal Ministries

R

Bundesministerium
flr Wirtschaft
und Energie

. % Bundesministerium
fiir Erndhrung
und Landwirtschaft

Industry Associations

DO

RRTEh S50 Hp

FLEAN ENERGY

=1

m Schmackd® OSTWIND W

SOLAR IS

ABO
A winac ##musen WIND »

ergiequelle

eeeeee bles-in-germany.com

Founded by the Renewable
Energy Industry Assiociations
and the Federal Ministry of
Environment in 2005

financial support by companies
of the renewable energies
sector

Current projects supported by
the Federal ministry for
Economic affairs and Energy
and the Federal Ministry of
Food and Agriculture
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UNDERESTIMATED,

COMBATTED...

« ,We construct Growian to demonstrate that it Klimaschiitzer
does not work." unter sich

Kernkraftwerk Brokdorf und Windenergie: CO,-AusstoR = Null

(GUnther Klatte, RWE-Manager, 1981)

« ,Evenin the long-term solar, hydro and wind
energy won'‘t be able to cover more than 4 % of
our power consumption."

Wer kritisch fragt,
ist noch langst kein
Kernkraftgegner.

(Advertisement of the German Electricity Industry, June
1993)

« ,Renewables and nuclear energy are ideal
partners for a climate friendly power supply”
(German Atomic Forum, 2009)

“The use of solar energy in Germany is as
reasonable as the cultivation of pineapple in

(13 verbieiAen Sicherheitastandard, Alvo) Trolbaaes ader Kermhratt T
Dt inh Mar die Fraget
. Viain penge Lowte stellen hritiehm Progen Wir sech. Dume wneers

Schbefaten Kiitiher sind wic sahat.

Bon S merrnarger

(RWE-CEO Jurgen Grossmann, January 2012) o
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ENERGY TRANSITION —PoLIcY  OQ &
TARGETS

1. Climate Change: e
reduce emissions of greenhouse gases O rtarmmse Ly
by at least 40 percent by 2020 and by @lemsiang
80 to 95 percent by 2050, each &l Grohnde

compared to 1990.

2. Nuclear phase-out:
still 9 nuclear power plants with an

Biblis A dcrafenrheinfem

electrical power of approximately 12 U alalsivis

GW (97 TWh/a) in operation (8 erippsburg 20l weckarwestheim -~

switched off in March 2011); - :;35:

phase-out in stages until the end of i

2022.

(next: Grafenrheinfeld end of 2015) Nuclear power plant sites in Germany
Source: BMWi
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TARGETS

3. Renewable Energy: increase the share of RE

* in gross final energy consumption to 18 % by 2020, ...
60 % by 2050,

* In gross electricity consumption to 40-45 % until 2025,
55-60 % until 2035 and at least 80 % by 2050,

« for heating to 14 % by 2020,
* Inthe transport sector to at least 10 % by 2020.

4. Energy Efficiency:

* Reduce primary energy consumption by 20 % by 2020
and 50 % by 2050.

* Reduce electricity consumption by 10 % by 2020 and
25 % by 2050 (baseline: 2008).
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Share of Renewable Energies in Germany's Energy Market
from 1998 to 2014
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Renewable Energies in Germany Replace
More and More Nuclear Power

Gross electricity generation from Renewable Energies and nuclear power, billion kilowatt hours

Renewable
Energies
160.6

Nuclear
power

271

2009 2010 2011 2012 2013 2014

Electricity generation from renewable energies
has increased by 50 percent to more than
160 bn kilowatt hours since 2010.

: RENEWABLE
: ENERGIES
St : AGENCY
Source: AG Energiebilanzen; as of 3/2015 * renewables-in-germany.com
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GREENHOUSE GAS EMISSIONS
NOT ON TRACK
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BIG SHARE OF RENEWABLES — OO0
BUT COAL AND LIGNITE STILL

: AGENCY

Germany's power mix in 2014

Renewable Energies contributed 160.6 billion kilowatt hours or 26.2 percent to gross electricity
production. The share of renewables in electricity consumption increased to 27.8 percent.

Natural Gas others Hydro Power
58.3 bn kWh 33.2 bn KWh 20.5 bn kWh
9.5% 5.4% 3.3%
._J *—
HacdCoat 34.9 bn kWh
109.0 bn kWh "
17.8% j .
Renewable ®1— Biomass
614.0 bn kWh 160.6 8.0%
Nuclear —e bn kWh
Energy 26.2%
97.1 bn KWh ——=&1— Wind (Offshore)
15-8 % 1.3 bn KWh
C 0.2%
Lignite
155.8 bn kWh B \Wind (Onshore)
25.4% 54.7 bn kWh
8.9%

Sources: AGEE-Stat. BDEW;
As of: 3/2015
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THE NEW POWER WORLD* O =

Renewable Power Scenario for

Germany mandated by the w

parliamentary group of Bindnis
90/Die Grunen of the Bundestag P R O Z E N T
« Based on a meta-analysis of several
energy studies and scenarios — no
own modelling ERNEUERBARE
ENERGIEN

* Development of a 100 %

The German Energy Transition - Nuclear Energy Conference, Linz, 19th May 2015



THE NEW POWER WORLD — OC i
ELECTRICITY CONSUMPTION

Bruttostromverbrauch in Deutschland
Zusammensetzung nach AEE-100%-Szenario

(2014: 8 TWh

Speicher\)er-
brauch:
71 TWh

konventioneller
Nettostromver-
brauch: 420 TWh

Netzverluste und
Kraftwerkseigen-
verbrauch; ——e

2014: 512 TWh
(2014:[59 Twh 30 TWh (

)

) neue

Verbraucher:
80 TWh

: AGENTUR FUR
: ERNEUERBARE
: ENERGIEN

+ unendlich-viel-energie.de

Quellen: eigene Berechnungen
Stand: 9/2014
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RENEWABLE POWER CAPACITY

Installierte Leistung zur Stromerzeugung  Wind +Solar = 260 GW

Zusammensetzung nach AEE-100%-Szenario . .
Bioenergy: more electric

(2014: 2 GW) capacity, but not more
Offshore
Winder;esrgei‘;a\; Methankraftwerke: power —> not more
Shaw biomass input

Y,

. ——Rigenergie: 20 GW
Ong%c?r]éél' el (i) \ J

Windenergie: ———
90 GW

Geothermal power very

— - Pumpspeicher: 10 GW )
uncertain

Geothermie: 5 GW
« Different solutions
Wasserkraft: 5 GW possible, also more power
for heat and transport

Photovoltaik: A
135 GW

(2014: 38 GW!

: AGENTUR FUR

: ERNEUERBARE
Quellen: eigene Berechnungen w : ENERGIEN
Stand: 9/201 4 : unendlich-viel-energie.de
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THE NEW POWER WORLD -
POWER PRODUCTION

Bruttostromerzeugung in Deutschland
Zusammensetzung nach AEE-100%-Szenario

Photovoltaik:

135 TWh -
Bioenergie: 48 TWh
Offshore Wasserkraft: 25 TWh
Windenergie: -
140 TWh Geothermie: 25 TWh
Methankraftwerke:
22 TWh

Pumpspeicher: 9 TWh
Onshore
Windenergie:
234 TWh

: AGENTUR FUR
: ERNEUERBARE
Quellen: eigene Berechnungen w : ENERGIEN
Sta nd: 9/201 4 . unendlich-viel-energie.de
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Wind + Solar = 80 %

Bioenergy = the same
as 2014

Power surplus of
almost 40 TWh can be
exported, used for heat
or transport services or
other purposes



CHALLENGES IN THE POWER O i
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Renewable Power Production, Load and Residual Load in 2012
Source: BET 2013
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GW Szenario 2030
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Renewable Power Production, Load and Residual Load in 2030
Source: BET 2013
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CHALLENGES AND SOLUTIONS O &
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The first 25 % of renewables could be
integrated into the existing power system

A
A\

Exact forecasts

* In order to achieve the next 25 % the system

has to change: | ) e
it
« Transition to flexible production and -

consumption

Equalization | = nEy  Exact forecasts of
of fluctuations ) ""  electricity demand

« System services by Renewables

« Grid expansion and grid modernisation
*  For the further transformation we need

 New storage capacities

« Coupling with heat and transport sector
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SOLUTIONS FOR THE POWER
SECTOR: SMART GRID

Das intelligente Stromnetz

Volatile Erzeuger
Solar- und Windenergie- m Steuerbare Erzeuger
anlagen erzeugen Strom Steuerbare Erzeuger produzieren Strom bei

abhangig von Witterung . wenig Wind und Sonnenschein.
und Tageszeit. Photovoltaikanlagen

Erzeuger speisen |
Strom in das Netz. |

Windanlagen

Lastvariabler

Kommunikations- und Steuerzentrale

SroEverbraucher Die Kommunikations- und Steuerzentrale ist das Herzstiick des intelli- i
Grofiverbraucher, wie z.B. genten Netzes. Sie erfasst samtliche Daten im Stromnetz und steuert Speicher
Kiihlhauser, konnen ihren Verbraucher entnehmen Stromproduktion und -verbrauch. Speicher nehmen tiber-
Bedarf teilweise an das Strom aus dem Netz.

schiissigen Strom auf
und speisen ihn bei
Bedarf ins Netz.

Stromangebot anpassen.

Hausinterne Steuerungseinheit mit Smart Meter Elektroauto

Das E-Mobil ladt, wenn ausreichend erneuerbarer Strom
vorhanden bzw. die librige Last gering ist. Bei Bedarf

kann es Strom zuriickspeisen.

Agentur fiir
Erneuerbare

www.unendlich-viel-energie.de ~ [Energien

Der Smart Meter (= digitaler Stromzahler) liefert Daten zu Stromverbrauch und -preisen.
Der Stromkunde kann seinen Verbrauch darauf ausrichten. Die Steuerungseinheit
steuert Hausgerate abhangig von den Strompreisen und den Vorgaben der Bewohner.

Warmepumpe
Die Warmepumpe lauft in lastschwachen Zeiten, z.B. nachts, und
wenn viel Windstrom produziert wird.
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