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Challenges Mobility and Utilities

Challenges: New storage system Challenges:
and fuels,
Reduction of COz- respectively: Increase of renewables
Emissions In many countries focus
Dependency on oil Hydrogen on wind/solar energy
Battery

Reduction of harmful and
particle emissions

Grid management

Development of storage
Reduction of noise systems
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Applications for New Fuels in Transportation

Fuel Cell

Drive Cycle

Intra-urban Highway-cycle Highway  Source: GM
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Hydrogen - Opportunities for Utilities

* large scale centralized production of hydrogen

— Fossil fuels (coal) with CO2 capture and
storage (CCS)

— Renewables, like large offshore wind farms

— Hydrogen has to be delivered from the
production site to the filling station

« produce and supply hydrogen at the filling
station
— On site electrolyser/reformer
— Delivery of hydrogen directly to the dispenser

— Run the production according to grid/customer
requirements (grid management, tariff
incentives, etc..)
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Coal Gasification with CCS

— combined cycl

—> fuel cell

—>

synthesis

shift con

— CO +
H,O

Hydrogen co-production
=> for internal use in fuel cells or gas turbines
=> as feedstock for the chemical industry
=> for distribution to automotive and domestic sector

Limited volume of CO , through shift conversion

=> for transport to geological storages
T
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Opportunities for CO2-free production of hydrogen

Renewable Energies

— Regarding the overall efficiency of our energy system electricity
generated from renewables should be primarily used directly as
electricity

— But there is a potential for renewable electricity not utilizable for direct
use

« Storage and system integration of fluctuating renewable sources
(wind, solar)

 Ultilization of the offshore-potential of wind energy
— Biomass gasification
— Green certified electricity

— Hydrogen as an energy carrier might cause a strong pull to further
develop renewable energies
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Vattenfall one of the largest wind farm operators | n EU
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Volatility of Wind Feed-In in the Vattenfall Europe Transmission

Grid in Germany (2007)

Max Feed-In 7.511 MW
Min Feed-In MW
Max increase over ¥z h 638 MW
Max decrease over ¥ h 977 MW
Max increase over 60 min 1.601 MW
Max decrease over 60 min 1.618 MW =
. . Daily Maxima and Minima M.a).qmum
Hl_ghest difference between Max and (1/4-h-average) & Minimum
Min on one day 6.398 MW
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Hydrogen Storage in Caverns

* Hydrogen storage in caverns offers much more capacity compared to
compressed air

* Example for 100,000ms3 volume:
— Hydrogen: 155GWh
— Comp. air: 0.22GWh

 Load shift possible
« Option long term storage



Conclusions

* From a utility perspective hydrogen offers the opportunity to
— supply a clean fuel to the transportation sector
— manage the grid
— store electricity

* Today, most of these options are economical not yet feasible and need
further development

* Technical development and business initiatives (like H2-Mobility) show,
that the economical break even can be achieved within the next
decade
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Opportunities for CO ,-free production of hydrogen

Fossil with CO, capture and sequestration

Applicable for all fossil fuels

with coal a long lasting energy carrier can be used for
hydrogen generation

Only suitable for large scale production

Large potential for the reduction of CO,

Process technology is under development (IGCC)
evaluation of different sites for sequestration is ongoing



