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MAJOR CHALLENGES OF THE 21t CENTURY
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EMPA RESEARCH ON ENERGY AND ENVIRONMENT

Solid Oxide
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MATERIALS SCIENCES FOR ENERGY TECHNOLOGY

GOAL: Elaboration of the scientific basis in

order to sustainably secure the future energy e
demand of the humanity by innovative — B 1'—-.,@
technical solutions.

Polymer Photovoltaics ,,gn'.; 4 n”|7

ZIEL: Die wissenschaftlichen Grundlagen zu
erarbeiten um den zukutnftigen Energiebedarf o
der Menschheit durch innovative technische .
LOsungen nachhaltig zu decken.

Solid Oxid Fuel Cells

STRATEGY: We do research on relevant
problems, develop creative ideas and
establish realistic solutions for the future

" i
energy technology. H = _F Hydrogen Storage
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STRATEGIE: Wir forschen an relevanten == T,
Problemen, entwickeln kreative Anséatze und Biofuels SRRRERERRRRRRR T
b LRI .

etablieren realistische Losungen flr die L
zukunftige Energietechnologie.

Integrated Energy Systems for Buildings



MATERIALS FOR ENERGY TECHNOLOGY
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HYDROGEN AS AN ENERGY CARRIER

STORAGE

M+ %H, » MH

ELECTROLYSE
2H,0 - 2H,+0,

ENERGY
100% -> 407000 km?2 COMBUSSION
10% -> 700 x 700 km
@

\ Empa, Andreas Zuttel, Section Hydrogen&Enerqgy \



VOLUMEN DER WASSERSTOFF SPEICHER

4 kg Wasserstoff 31 Benzin /100 km = 0.3 kKWh / km

Mg,FeH, LaNiH, H, (liquid) H, (200 bar)

Ref.: Louis Schlapbach & Andreas Zittel, NATURE | VOL 414 | 15 NOVEMBER 2001 | pp. 353-358



HYDROGEN DENSITY
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Ref: A. Zittel, “Materials for hydrogen storage”, materialstoday, Septemper (2003), pp. 18-27




FOCAL AREAS

STRUCTURE AND DYNAMICS
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STABILITY AND KINETICS

LiBH, — LiH + B + 3, H,
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THEORETICAL MODELLING

Z. Lodziana R. Caputo

G(T,p)=H(S,V)-TS(T,p)+ pV
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DEVELOPING AREAS
NANO-DIFFRACTION
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THIN FILM AND ORGANIC PHOTOVOLTAICS

GOAL: Costs down < 1=€/Wp
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ADVANCED ENERGY-EFFICIENT BUILDING

Existing Situation Retrofit Design Options New Buildings

Pl

Solutions Typical solutions for fagades, roofs and HVAC



ENERGY CYCLE ASSESSI\/IENT

Toxicity

Extinction

Climatechange

Waterpollution



ENVIRONMENTAL IMPACT OF FUELS

Treibhausgasemissionen und Umweltbelastung von Biotreibstoffen

Mur dee Treibstoffe im grinen Berexch schneiden sowohl bei Treibhausgasen als auch
beir Limweltbelastung besser ab als Benzin
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Ref.: NZZ am Sonntag vom 14.5.2007



DEI\/IONSTRATION DEVELOPMENT

132 kWh
500 W 400kg / 200l

Elektrizitat
1.5 kW

Photovoltalk

Batterie Elektrolyseur Wasserstoff ~ Verbrennung
Sonnenkollektor Speicher

heisses Wasser
e
Do

kaltes Wasser

Ref.: Mark Zimmermann, Bjorn Olsson & Sandro Macchi



BOOK & SYMPOSIUM

Edited by Andreas Ziittel,
Andreas Borgschulte, and Louis Schlapbach

Hydrogen as a
Future Energy Carrier

(MWILEY-VCH
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January 24-29, 2010
Hotel Hirschen, Wildhaus, Switzerland

Registration online;
www.empa.ch/h2e-symposium

B Subjects

+ Hydrogen production
* Hydrogen storage
+ Fuel Cells

B Steering Commites

Maximilian Fichtner
Ronald Griessen
Jens Norskov
Shin-lchi Orimo
Andreas Zittel

B Invited Speakers

Peter Edwards
Rainer Kirchheim
Krijn P. de Jong
Ridiger Bormann
Rex Harris
YoungWhan Cho
Etsuo Akiba
Konstantinos Boulouchos
Ewa Ronnebro
Duncan Gregory
Jean-Marie Tarascon

B Program
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Applications

» Theory and Modelling
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The Netherlands
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M Registration
Conference fee CHF 200~ (ca. Euro 130.=)

incl. proceedings and social event

Participants
Single room p. P CHF 1090.— {ca. Euro 725-)
Double room p.P CHF 990.- (ca. Euro 660.-)

special rates incl. hotel roam for 5 nights, coffee breaks, break-
fast, lunch, dinner and conference dinner excl. beverages

Deadline
Registration and abstract submission: October 31, 2009

Registration online: wwaww.empa.ch/h2e-symposium

B Location
Karlsruhe  Stutigart Konstana
Barel Schatfhaumen Krpuriingen

Munich

Hotel Hirschen, Wilihaus
Phone +41 T 598 54 54

nfof@hirchen-wildham o
wawahirschen- wildhaus ch

B Organized by

Empa — Materlals Sciences & Technology
Department Environment, Energy and Mobility
Laboratory for Hydrogen & Energy
Uberlandstrasse 129, CH-8600 Dibendorf

Phone +41 44 823 4692, 4038
Fax  +4144 823 4022
E-mail hZe{@empa.ch

EMPAG
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SPACE FOR ENERGY CARRIERS

50 kg, 70 | Gasoline
Q = 650 kWh W =200 kWh

therm mech

1000 kg , 1000 | Battery
W =200 kWh

mech

P=30kwW P, =150kwW

100 t, 130’000 | Gasoline
Q = 1300 MWh W = 780 MWh

therm mech

4’000t , 4000 m3 Battery
W = 800 MWh

mech

P=50 MW P,__ =200 MW

Airbus A380 Fuel Tank Locations



ENERGY CARRIERS
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