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German greenhouse gas emissions — history and targets

German energy-related
CO, emissions (2011):

§ > 20 % of Europe
S > 2.5 % of world
2
=
c
- 800 & B mm others
-% 0.-40 % mm energy
E 600 o n559%
T
w 400 @8 B

200 main focus

of this talk
0 T T T T T

1990 2000 2011 2020 2030 2040 2050

Z Fraunhofer

ISE



Outline

M Targets of the German climate protection policy

B Analysis of a possible German energy system in 2050

Methodology

Results
Sensitivity analysis
Analysis of a selected system
Needed investments

B Conclusions & outlook

\

~ Fraunhofer

ISE



Motivation
Inter-sectorial overall energy system analysis

Guiding questions

B |s it possible to achieve Germany’s CO, emission reduction targets by
using large shares of renewable energies?

B If yes: what is the ,best” composition of such energy system?
B And what is its cost?

=» Long term perspective on macro-economic level

Approach
B Model of overall energy system based on hourly energy balance
M Generic optimizer = optimum composition and sizing of all components

B Goal function: minimum of total annual cost (re-investment,
maintenance, operation, financing)
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Optimization of the German future energy system based
on hourly modelin
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Optimization of the German future energy system based
on hourly modeling

erneuerbare Energien primdre Stromerzeugung fossil-nukleare Energien
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Optimization approach

Assumptions

CO, emissions =» available / By e \
amount of fossil energy P
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Results

minimize total ' Installed capacity of
Basic electricity demand » annual cost energy converters

Process energy in industry » ' Size of storages
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Heating technology
# mix (including
district heating
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Sensitivity analysis

Variation of
B Space heating demand of building sector (building energy retrofit)

B Fraction of heat demand in building sector covered by district heating
systems

Studying the impact of these parameters on

B Installed capacity of fluctuating renewable energies (PV, wind onshore,
wind offshore)

® Overall cost
M Capacity of CHP plants, centralized heat pumps and residual power plants

B Composition of heating technologies in single buildings
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Fluctuating renewable energy sources
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Medium and large scale CHP systems (district heating)

Installed capacity in GW,,
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Backup power plants
Installed capacity in GW,,
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Centralized heat pumps (district heating)
Installed capacity in GW,,,
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Centralized solar thermal (SDH)

Installed capacity in GW,,,
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Total annual cost
Bill. €
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Composition of decentralized heating systems

electric capacity of CHP and residual plants, GW
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Major findings of sensitivity analysis

® Deep building energy retrofit not cost competitive, although a higher
space heating demand leads to higher needed capacity of flucutuating
renewable energy sources (wind, PV)

® The fraction of heat covered by district heating has no significant impact
on total annual cost

B Installed capacity for solar district heating (SDH) depends on expansion
level of district heating

B Medium and large scale CHP is able to cover residual electricity
generation in case that district heating networks are moderately
increased

B Heat pumps (gas, electric) become the main technologies for heat supply
in buildings which are not connected to district heating networks
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Analysis of a selected system
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Electricity
generation

erneuerbare Energien primdre Stromerzeugung fossil-nukleare Energien
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decentralized centralized
H e a t erneuerbare Energien primdre Stromerzeugung I fossil-nuklefre Energien
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Storage
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Annual energy balance (TWh)

® conventional m classical load
] EH:; m heat

®hydro = mobili

m wind off ty
mwind on

mPVv

* fre = fluctuating renewable energies

m others

m boilers

m gas heat pumps

u electric heat pumps
m CHP (incl. distr. heat)
m solar thermal
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Residual load 2050
Base load minus production from fluctuating RE
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Reduction of the residual load

residual load, GWh/h
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time, hour of the year
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Reduction of the residual load
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Reduction of the residual load
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Reduction of the residual load
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Overall comparison
Today vs. 2050 optimized system

primary energy (TWh)

L

today 2050

mfossile ®mnuclear ®renewable
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Overall comparison
Today vs. 2050 optimized system

primary energy (TWh) CO,-emissions (Mio t)
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today 2050 today 2050

mfossile ®mnuclear ®renewable

\

© Fraunhofer ISE % FraunhOfer

ISE



Overall comparison
Today vs. 2050 optimized system

primary energy (TWh) CO -emissions (Mio t) annual cost (bill. €)
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1) Assumed doubling of fossil energy prices until 2050
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Capacity of solar and wind versus CO, reduction target

500 100

Solar, wind [Gw,]
Electrolysis, sabatier [Gw ]

80% 81% 82% 83% 84% 85%

reduction of CO, emissions (reference 1990)

w Photovoltaik mWind onshore mWind offshore @Elektrolyse ¢ Sabatier

\

© Fraunhofer ISE % FraunhOfer

ISE



Outline

M Targets of the German climate protection policy
B Analysis of a possible German energy system in 2050
Methodology
Results
Sensitivity analysis

Analysis of a selected system

Needed investments

B Conclusions & outlook

\

~ Fraunhofer

ISE



Analysis of investments from today until 2050
Example photovoltaics

installed capacity, GW

40 historic
20 data o
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Analysis of investments from today until 2050
Example photovoltaics

new installation and re-powering,

2015 2020 2025 2030 2035 2040 2045 2050
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Analysis of investments from today until 2050
Example photovoltaics

development of spec. cost, €/kW

GO0 -

QOO -~

DOO e Based on IEA technology
outlook, 2012

0 [ I I I I I I |

2015 2020 2025 2030 2035 2040 2045 2050
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Analysis of investments from today until 2050
Example photovoltaics

annual investment, bill. € p.a.

2015 2020 2025 2030 2035 2040 2045 2050
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Investments for RE (wind, solar PV) and battery storage
Bill € p.a.

M batteries
" wind off
B wind on

u PV

2015 2020 2025 2030 2035 2040 2045 2050

Total investments (w/o capital cost, incl. re-powering) from 2015 to 2050:
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Investments vs. saved fuel cost in bill. € p.a.

60 Assumptions
W fuel cost today
50 25 €/ MWh
B curtailment of
40 fluctuating RE
Annual increase of world market 10 % of energy
30 price for fossil fuels 0 %

M batteries

10 558§ § : A A E e e e e EE R G " wind off
IIIIII ® wind on
0

2015 2020 2025 2030 2035 2040 2045 2050 WPV
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Investments vs. saved fuel cost in bill. € p.a.

60 Assumptions

W fuel cost today
50 25 €/ MWh

B curtailment of
fluctuating RE
10 % of energy

P Annual increase of world market
price for fossil fuels 1 %

M batteries

10 s HHitbbrtttti ittt e e ® wind off
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Investments vs. saved fuel cost in bill. € p.a.

60 Assumptions
: B fuel cost tod
| Annual increase of world market e cost 1oday
50 : ! 25 € MWh
price for fossil fuels 2 % _
M curtailment of
40 fluctuating RE
10 % of energy
30
20 T

M batteries

10 5L GBS RN Ra R REEERERRAR] ® wind off
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Investments vs. saved fuel cost in bill. € p.a.

Fuel price increase 2 % =

CUlE cumulatively avoided fuel cost Assumptions
1045 bill. € W fuel cost today
50 25 €/ MWh

. B curtailment of
0
10 % of energy
vl 0 % => 660 bill. €

20 - T e
B batteries
10 & wind off
"II[ cumulative investments 470 bill. € .
B wind on
0 EEEEEEEEEEEEEEEEEEEEEEEEEEESR

2015 2020 2025 2030 2035 2040 2045 2050 WPV
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Investments vs. saved fuel cost in bill. € p.a.

i Important to notice

2015

B Only investments for major RE
sources (wind, PV) and stationary
batteries considered

In addition more investments will

be necessary for grid expansion,

other storage technologies, CHP
plants, solar thermal systems,
system integration, efficient end-
use technologies etc.
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Outline

M Targets of the German climate protection policy
B Analysis of a possible German energy system in 2050
Methodology
Results
Sensitivity analysis
Analysis of a selected system

Needed investments

B Conclusions & outlook
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Summary (1/2)

B Reduction of energy-related CO, emissions by 80 % and above is possible
and will in the long term lead to lower cost compared to the energy
system of today

B The dependence on energy imports will be significantly reduced

B This strategy is linked to significant local value and employment creation
due to installation of many thousands components and systems in all
energy conversion and end-use sectors

B Key elements of the transformation are reduction consumption (classical
electricity consumption, space heat), efficient conversion chains (electric
engines, heat pumps replacing combustion processes) and renewable
energies (electricity, heat)
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Summary 2/2

® Flucutuaing renewable energies (wind, solar PV) will become the
backbone of the electricity generation and dominate the overall system

B This calls for flexibilization of residual electricity production and
electricity use in all end-use sectors in order to make use of negative
residual load

B About one quarter of the total low temperature heat demand will be
covered by solar thermal

B Depending on the level of expansion of district heating networks an
installed capacity of 20 GW to 80 GW of centralized solar thermal systems
seems reasonable
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Outlook - next steps of model development

B Include electricity export/import

M Disaggregation/diversification of the model in various sectors, e.g.
mobility
fuel conversion chains (e.g. biomass)

introduction of a simple building typology (residential: SFH, MFH;
commercial)

B Adjustment of the model to describe
and optimize transformation pathways
=» inclusion of diffusion/exchange rates
and learning curves for all relevant
technologies

B Country studies (e.qg. Italy, California,
South Africa, ...)
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Thank you for your attention...

Fraunhofer Institute for Solar Energy Systems ISE
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