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Energy and climate policy vision in Germany by the “Energiewende” or Energy
Transition concept 2011

ARenewable energies are to provide thamain share of German energy supply in the
future.

AEnergy consumption should be significantlyeduced and energy efficiency should be
Increased.

AThe energy supply is to Bafer, more affordable andenvironmentally friendly until
the year 2050.

AGermany is to become one of tineost energy-efficient and environmentally friendly
economies in the world in the future widompetitive energy prices and a high level

of prosperity.
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Energy and climate policy objectives in Germany

AThe futureshare of renewable energies should be
A35% of gross electricity consumptidoy 2020 andB0% by 2050
A18% of gross final energgonsumption by2020 ands0% by 2050

AReduction of greenhouse gas emissions by 40% by 2020 and bg0 to 95% by 2050
(compared to 199

AEnergy consumption should besignificantly reduced andenergy efficiency should be
increased.

AReduction of primary energy consumption by 20% by 2020 andy 50% by 2050
(compared t02008)

AReduction of electricity consumption by approx25% to 2050
APhase out from the use ohuclear power
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Phase out of nuclear plants in Germany
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Demand load and residual load - 50 % share of RES

100 - —Demandload —Residual load
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Demand and residual load
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Hour [N]

AExcess renewable power up to 27 GW

ARenewable surplus production ~TRVh about 1 % of the electricity production by wind
and photovoltaics

AStorage capacity requirement ~ ? / Pow#s x capacities ?
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Demand load and residual load - 80 % share of RES
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AExcess renewable power up to 78 GW

ARenewable surplus production ~ 43 TWh, about 13 % of the electricity production by
wind and photovoltaics
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Short-run Effects

In the short run, renewables with nearly
zero marginal costs replace technologies
with higher marginal costs. This means:

0 Reductions in electricity produced by
dispatchable power plants (lower load
factors, compression effect)

Power (GW)
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0 Reduction in the average electricity
price on wholesale power markets
30% Penetration level
Wind Solar
o Gas Turbine {OCGT) -B7% -51%
E’ Gas Turbine (CCGT) -71% -43%
T | coal -62% -44%
2 Nuclear -20% -23%
;-;,: Gas Turbine {OCGT) -B87% -51%
1-&;- €| Gas Turbine (cCGT) -79% -46%
& 8| coat 69% -46%
& Nuclear -55% -39%
Electricity price variation -33% -239%
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Together this means declining
profitability especially for gas
(nuclear is less affected)

No sufficient economical incentives
to build new power plants

Security of supply risks as fossil
pants close

Source: NEA/OECD




Long-run Effects

In the long run the reduction in load factors will lead to declining shares of high-fixed
cost technologies.

0 New investment in the presence of renewable production will change the
generation structure

0 Renewables will displace base-load on more than a one-to-one basis
—> Declining profitability will increase the risks of new investment
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Changes in the installed electricity capacity by fossils already happen in

Germany

Y
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Necessary transmission-grid extension until 2022

A Gridextension

AAGlines 1,700 km

A Additional AGircuits 2,800 km

AUpgradingof AGcircuits 1,300 km
%2 h ADClines 2,100 km
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Alnvestment: 2Million €
=" Aszenario 2022;
- Awind offshore: 13.0 GW
~ Awindonshore 47.5 GW
APhotovoltaics54.0 GW
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Additional topics in Germany

APhase out of coal

AReduction of the process specific emissielZero emissions of the energy related
processes

ADiscussion to forbid engines in cars

ACarbon emission free buildings

A...
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Energy and climate policy objectives in the EU-28

AForenergy conversion units coverdy the ETS (Emission Trading System), a binding
reduction of emissions by a total of 21% in relation to 2005 according to EU Directive
2009/29/EC. For thphase 3 of the EU ETS (22020 a linearreduction factor of
1.74% of allowances, compared to 20@®)12average is given.

AlnMarch 2011, the European Commission magaposal for a reduction of 80-95%
of greenhouse gas emissions compared to 1990 by 2050 in its "Roadmap for the
transition to a competitive lowcarbon economy by 2050"

Aln October 2014, the Commission adopted the Climate and Energy Package with the
objectivesfor the year2030. The targets a0% greenhouse gas reduction, 27%
renewable energy share and thereduction of primary energy consumption by 27%.
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Times PanEU Model
EnergySystem Model/ll

Characterization TIMES PanEU

European energy system model
EU28 Norway,SwitzerlangBaden-Wiirttemberg

Technologyoriented, bottomup optimization model
with perfectforesight

Countryspecific detailing of the energy generation and
the demand sector, as well as detailed mapping of the
boundary coupling line capacities according to ETSO

Intertemporal optimizationn the
period2010—- 2050

12 subannual time segments
(four seasonal and three daily segments

Emissions: Greenhouse gases (CO2, CH4, N20

Sectorbased: public and industrial energy supply,
industry, households, Commercial ataditiary sector,
transport, agriculture and refineries

Objective function: minimization of the total costs
(optimization model)
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Times PanEU Model

EnergySystem Model 11/

Energy prices, Resource availability
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Scenario definition

0
ETS (65 %)

EU landerund
sektortbergreifend80 %) v v
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Klimaschutzplan (90 %) v v v

IER Universitat Stuttgart 28.11.2017 16



I International
Aviation
O Transport

C

O Acriculture

O Commercial

B Industry

B Umwandlung/
Erzeugung

io comparison

S22 +960639D -N3
I +n3

T %0639 +n3
I +%06 39-n3
I %0639 -n3

ﬁ O Residential

EI__I

17

28.11.2017

2050

S39 +%60649 -N43
+N3

%0639 +Nd
+%06 49 -Nd
%0639 -N3

i

'

2040

S39 +9%0649 -N4
+N3

%0639 +Nd
+%06 49 -Nd
%0639 -N3

2030

S39 +%60649 -N3

+N3

%0639 +N4

2020

Germany in a scenar

+%06 49 -N3

%0649 -N3

onsnels

ission in

'

[ s

900
800 A
700 A

CO2 em

2010|2015

T
) o o o o o o
o o o o o o
O o < ™ N —

[IN] uolssiw3-¢0D

IER Universitat Stuttgart



Primary energy consumption in a scenario comparison
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Coal consumption in Germany in a scenario comparison
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Net electricity [TWh]

Electricity generation in Germany a scenario comparison
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Marginal CO2 prices
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Some Conclusion and Outlook

AWe should be carful and avoid a related a single strategy without diversification of the
energy system.

AThe cooperation in the energy market over all kind of boarders is the only way to make it
possible to achieve the 1& target achievable.

AThedecarbonisatiorof the whole energy systems needs a new thinkiragcombination
between resource/energy efficiency and a digital world
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