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An Electricity Market for Germany‘s Energy Transition
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Share of variable renewables in produced electricity 2014
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Power generation (GW)

German electricity system volatility today

Winter 2015 - week no. 51 (December) Summer 2015 - week no. 35 (August)
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The contribution of renewables to the electricity system varies widely
depending on the season.
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Energie

Future: German electricity system volatility in 2022

Winter 2022 (November)

Summer 2022 (August)
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By 2022 renewables can cover the total demand for certain hours e.g. over midday,
but for the calm winter days conventional back-up capacity will still be needed.

Source: Agora Energiewende 2015
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Four areas to increase flexibility
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Technology neutral policies foster innovation: Different flexibility
measures are suitable for different challenges to the grid.

Source: BMU 2014
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Key elements of the electricity market act 2016

More flexibility

Strengthened market
mechanisms

air competition betwee
flexibility options

Free price formation
Strengthen incentives to uphold balancing
group commitments

Wider access to balancing capacity markets:
more competition between power stations,
consumers and storage facilities

Ensure system
security

Capacity reserve

Grid reserve

Power stations of approx. 4 GW ready to
step in exceptional situations where demand
cannot be met in any other way

Prolonged beyond 2017 to guarantee secure
grid operation and relieve congestion
Winter grid reserve

Lower carbon
emissions

Security stand-by

Monitoring of security

of suppy

Old lignite-fired power stations will be placed
on ,security stand-by“ and decommissioned
after four years

Monitoring of security of supply will no longer
focus solely on national output, but also on
European internal electricity market




% Federal Ministry W
for Economic Affairs Energle " wende
and Energy \:. Switch to the Future

Change of requirements for power plants

Residual load curve Cost-efficient power-plant fleet

peak-load
residual

demand

. Intermediate-load
in GW

= 20% VRES
~ 40% VRES

base-load

0 time [h] (one year) 8,760 0% 20% 40%
VRES VRES  VRES

Variable renewable energies (VRES) Need for peak-load increases, while base-

decrease residual demand and full-load load technologies decrease.
hours for conventional power plants.

Due to the energy transition Germany will need less base-load and more
intermediate-load in the future.

Source: Nabe 2006
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Flexibility of the German power plant fleet

Technical characteristics of conventional power plants

cost /

installed efficiency CO, emissions SECIETIS MinImm wvarm o
) rate load start up start up
capacity
€/kW % kg/MWh, % Py/min %/P h h
Hard coal 1.300 36-46 (50) 939 - 735 (676) 15-4(6) 40-25(20) 3-25(2) 10-5(4)
Lignite 1.400 32 - 43 (44) 1'2?83021?40 1-25(4) 60-50(40) 6-4(2) 10-8(6)
15-1
CCGT 700 40 - 62 503 - 347 2-4(8) 50 - 40 (30) (0.5) 4-3(2)
GT 400 37,5 640 8-12 (15) 50 - 40 (20) <0,1 <0,1

Increasing flexibility of conventional power plants allows balancing
volatile renewables.

Source: dena 2014
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Energy security: duration of supply failures in Europe 2014
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Germany maintains top energy security levels during the energy transition.
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EU energy market design — requirements and solutions

EU countries currently debate different market
designs to secure future electricity supply:

* Energy-only markets
» Additional capacity markets

« Other means, e.g. capacity payments yzq i Cavacity market

(implementation)

Capacity reserve

The future energy market needs to:

* be suitable for an inter-connected
EU-wide electricity market

strategic reserve

Not decided, other
mechanisms or no
information

* give clear price signals for new
investment

» promote regional cooperation,
including on support schemes &

- Energy only market

%
ﬂ Energy only market

Source: BMWi based on CEPS 2014, DIW 2013, Frontier 2014
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Gross power generation capacities in Germany

250 m hydro A
m geothermal
200 - — . renewable
- - photovoltaic - energies
- |
- = B BB [ | ol ® biomass
= EEE R wind /
100
® pumped hydro /
storage
50 m others
® lignite
O 4 N M I I O N~ 0 O O 4 N M < o o) o ® hard coal
O O O O O O © ©0 ©o O W ™ o « AN AN (90)
O O O O O O O O O o o o o o o o o o
AN AN AN AN AN AN N N N &N N N N N N AN AN N .gaS

Renewable expansion has led to a growth in total capacity.

Source: Eocfys 2015 based on BMWi 2015, Prognos,EWI,GWS 2014
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Development of electricity generation from renewable
energy sources in Germany
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*imcl. gas, solids, and liquids

While in the 1990s hydro was the only renewable energy source, wind
onshore, biomass and solar contribute all to the generation of electricity.
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Electricity import and export balance (load flow)

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
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Germany is a net exporter, the Netherlands imports the most electricity
from Germany.

Source: Ecofys based on ENTSO-E 2016

17-09-25 Speaker 16



% Federal Ministry W
for Economic Affairs Energie ! wende
and Energy }e. Switch to the Future

Transmission system operators in Germany and share of
fluctuating renewables

Germany
» Highest volatile capacity: 42 GW at
60 GW load
‘ * Hourly shares over 65%
: 50Hertz
Amprion
¢ 9,995 km

« 11,000 km

_ . * 48% volatile peak capacity
* 24.7% volatile peak capacity

TenneT
TransnetBW

* 3,420 km
+ 31.6% volatile peak capacity

* 10,800 km
* 49.5% volatile peak capacity

German TSOs have already handled over 75% of the power in the grid coming
from renewables.
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Source: Ecofys 2015, based on data from Transmission system

operators 2014, Fraunhofer ISE 2014, Agora 2016



