TOWARDS A RENEWABLE ENERGY
ECONOMY

FRAUNHOFER INSTITUTE FOR SOLAR ENERGY SYSTEMS
ISE

Christopher Hebling, PhD
Director, Division Energy Technology
IRENA Electricity Storage Workshop

Akasaka Station TKP Conference Centre
Nov. 7th, 2014, Tokyo, Japan

Fraunhofer Institut for Solar Energy Systems
ISE, Freiburg, Germany

christopher.hebling@ise.fraunhofer.de

\

~ Fraunhofer

ISE



The Energy Concept of the German Government

Targetes for the year 2020 2050
Reduction green house gases - 40% - 80/95%

Share of renewables on
the electricity consumption 35% >80%

Reduction primary energy
consumption -20% - 50%

Energiekonzept
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Development of Energy Efficiency and Renewable Energy in Germany
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Transition to a Solar Energy Economy
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Energy Storage Technologies
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Local Hydrogen Storage in gas tube fields
Zirich, Switzerland, 24 tubes of 250m length (1.5m), 70 bar, 714.000 Nm? Natural Gas
1.5 GWh Storage Capacity when filled with Hydrogen

Source: Rosetti Marino - Italy
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Local Hydrogen Storage in gas tube fields covered with PV
Renewable Energy Peakshaving Facility with Hydrogen Storage

Transformer station
Electrolysers/
FC containers H2 compression /
decompression

Utilities Control room

Plant
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Hydrogen storage (covered)

~ Safety barrier

Energy storage capacity: 1.5 GWh 'R Rosetti Marino - Italy




Reduction of Greenhouse Gas Emissions until 2050

German energy-related CO,

emissions (2011):
» 20 % of Europe
> 2.5 % of world
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Optimization of Germany’s future energy system based on hourly
modeling
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Optimization of Germany’s future energy system based on hourly
modeling

Comprehensive
analysis of the
overall system

REMod-D

Renewable
Energy Model — Mobility (battery-

electric, hydrogen,
Deutschland conv. fuel mix)
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Electricity
generation

erneuerbare Energien
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decentralized centralized

I I e at erneuerbare Energien primdre Stromerzeugung fossil-nukleare Energien
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Storage

erbare Energien
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Heat buffers in buildings
Total ~320 GWh (e.g. 7 Mio units
with 800 Litres each)
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Large scale heat storage In district
heating systems
Total ~350 GWh (e.g. 150 units with

bédude mit k / Waédrmenetze mit Tiefen-Geothermie
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Summary

B Reduction of energy-related CO, emissions by 80 % and above are possible

B Lower cost for the energy system on the mid to long term

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

B Flexibilization of residual electricity production and electricity use in all end-use sectors (mobility,
heating) is needed

B Investments needed for components and systems in all energy conversion and end-use sectors
=» Many groups of investors including citizens

B Solutions on the local and regional district level
will play a dominant role for decentralized systems

B Results can be transferred to other
industrialized regions or countries
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Thank you for your attention

Fraunhofer-Institut fur Solare Energiesysteme ISE

Christopher Hebling, PhD
Director Energy Technology Division

www.h2-ise.de
christopher.hebling@ise.fraunhofer.de
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