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MAJOR CHALLENGES OF THE 21st CENTURY
ENERGY DEMAND CLIMATE CHANGE

LIMITED RESOURCES ECONOMIC DEPENDENCY
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EMPA RESEARCH ON ENERGY AND ENVIRONMENT
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MATERIALS SCIENCES FOR ENERGY TECHNOLOGY

GOAL: Elaboration of the scientific basis in 
order to sustainably secure the future energy 
demand of the humanity by innovative 
technical solutions.

ZIEL: Die wissenschaftlichen Grundlagen zu 
erarbeiten um den zukünftigen Energiebedarf 
der Menschheit durch innovative technische 
Lösungen nachhaltig zu decken.

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

STRATEGIE: Wir forschen an relevanten
Problemen, entwickeln kreative Ansätze und 
etablieren realistische Lösungen für die 
zukünftige Energietechnologie.
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MATERIALS FOR ENERGY TECHNOLOGY

Primary Energy Conv. Energy Storage Use of Energy

• Photovoltaic
• Solarthermal Power
• Windpower
• Hydropower
• Geothermal Heat

• Biomass
• Coal, Oil, Gas
• Batteries
• Hydrogen
• Ammonia
• synth. -CH2-
• Methanol

• Engines
• Turbines
• Heat & Heattransport
• Light
• Fuel Cells
• Thermoelectricity

• Intensity
• Efficiency
• Continuity

• vol. Energy Density
• grav. Energy Density
• Efficiency

• Efficiency
• Dynamics
• Power Density
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SUN ENERGY

ELECTROLYSE

ENERGY

COMBUSSION

2 H2O → 2 H2 + O2

STORAGE

M + ½H2 → MH

100% -> 40’000 km2

10% -> 700 x 700 km

Empa, Andreas Züttel, Section Hydrogen&Energy

HYDROGEN AS AN ENERGY CARRIER



Andreas Züttel, Switzerland, 11/2/20091

VOLUMEN DER WASSERSTOFF SPEICHER

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

4 kg Wasserstoff 3 l Benzin / 100 km = 0.3 kWh / km

110l
57l33l26l

Mg2FeH6 LaNi5H6 H2 (liquid) H2 (200 bar)



HYDROGEN DENSITY

Ref: A. Züttel, “Materials for hydrogen storage”, materialstoday, Septemper (2003), pp. 18-27 
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LiBH4 → LiH + B + 3/2 H2
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THIN FILM AND ORGANIC PHOTOVOLTAICS

short term medium term long term
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GOAL: Costs down < 1€/Wp



ADVANCED ENERGY-EFFICIENT BUILDING

Solutions Typical solutions for façades, roofs and HVAC

Existing Situation Retrofit Design Options New Buildings



Extinction

Airpollution

WaterpollutionClimatechange

Resources

Erosion

Toxicity

ENERGY CYCLE ASSESSMENT



Ref.: NZZ am Sonntag vom 14.5.2007

ENVIRONMENTAL IMPACT OF FUELS
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Ref.: Mark Zimmermann, Björn Olsson & Sandro Macchi

DEMONSTRATION DEVELOPMENT



BOOK & SYMPOSIUM
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SPACE FOR ENERGY CARRIERS 

50 kg , 70 l Gasoline
Q = 650 kWhtherm W = 200 kWhmech

1000 kg , 1000 l Battery
W = 200 kWhmech

P = 30 kW   Pmax = 150 kW

100 t, 130’000 l Gasoline
Q = 1300 MWhtherm W = 780 MWhmech

4’000 t , 4’000 m3 Battery
W = 800 MWhmech

P = 50 MW  Pmax = 200 MW



Andreas Züttel, Switzerland, 11/2/20092

ENERGY CARRIERS
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