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Motivation
Objective - Reduction of Greenhouse Gas (GHG) Emissions

reference
year 1990

m other m energy-related CO2-emission
Germany: 1400\

A Target: -80 % upto - 95 %
(referring to 1990)

A Composition of energy -
related emissions:

A 98 % of GHG are CO,
emissions

GHG emission in Mio. t.

R 1990 2000 2010 2020 2030 2040 2050
A Sectors:

~

A Approx. 45 % in the ] ]
electricity sector Substantial reductions are

required in all "energy" sectors

~

A Rest: Heat, transport &
industry
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German energy demand of today
Composition of final energy
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Major questions

~

A How can the complex overall system be transformed
towards achieving climate targets without compromising
on security of supply and at minimal cost ?

A How can heat (buildings, industry processes) and
transportation sectors become less dependent from fossil
energy sources?
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Methodology
Cross-sectoral energy system model REMod

REMod-D

Renewable
Energy Model D
Deutschland

A Techno-economic
optimization

A Basedon system
simulation

A Hourly time scale
2015-2050

A Obijective : Minimize
total annual cost
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REMod B Crosssectoral energy system model

Decarbonisation per

fuels
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Methodology

Stock

1990 (1991 19922015 2016|2017

Conventional & renewable power (PV,
Wind, 2Z)

Buildings and heating systems
Mobility ( car fleet etc.)

Processesn industry and tertiary sector

Simulation (1 h time step) of the entire

system from 2018 to 2050

CO,-limits met »
(for all years) ?

New installations, retrofit, replacement

2018 (2019 20202048 2049 [ 2050

Conventional & renewable power (PV,
Wind, 2Z)

Buildings and heating systems
Mobility ( car fleet etc.)

Processesin industry and tertiary sector
Storage (electricity , heat)

Power-to -X-technologies

Optimization of new installations,
retrofit and replacement

goal function: minimal cumulative total
cost 2018-2050

\

~ Fraunhofer

ISE



Work from the German academies of science
Investigatedtransformation pathways

Scenario Major characteristics

C No limits for direct electricity use (e.g. heat

No restrictions .
pumps, transportation )

¢ Transportation with majority of hydrogen /
Hydrogen fuel cell drive trains
¢ High fraction of H, in gas network

C Transportation with majority of fuel /methane
(compared based drive trains
to 1990) ¢ Building heating partly based on methane

G Good progress in efficiency in industry

Power-to -Gas
Power-to-Liquid
(P2G/P2L)

C No limits for direct electricity use

C Good progess in implementing high efficiency
technologies

C Good progress in reducing energy demand

High efficiency
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Electricity generation
Installedcapacityin GW in 2050 and today

High efficiency i_ l_ | -
p2cp2 [ N
Hydrogen [N N N

No restrictions - [ N I
Today |-.-
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m Wind Offshore = Wind Onshore m Photovoltaics = Flexible power plants
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Electricity generation
Annual energyin TWhin 2050 and today

High efficiency I

P2G/P2L
Hydrogen

No restrictions

Today
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Electricity use
Annual energyin TWhin 2050 and today

Sector coupling

-85%

High efficiency _-I-

P2G/P2L
Hydrogen

No restrictions

Today _|||
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Electricity use in TWh
m Basic load m Heat pumps m Power-to-heat
= Transport Hydrogen m Synthetic fuels/gases
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Share of total

Share of total
driving distance
driving distance

Decarbonization paths in transport sector
Battery electric vehicles DHydrogen vehicles
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