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Drivers for the Hydrogen Economy
Energy supply security and CO, are key
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Hydrogen Production — Our Vision

first “clean”, ultimately “green”
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Public Drivers for the Hydrogen Economy

CO, reduction

— Renewables offer greatest CO,, reduction when used as
replacement to current fossil fuel electricity generation

— Fossil fuel-derived hydrogen, with Carbon Capture and
Sequestration, offers scope for affordable, low-carbon
hydrogen

Security of supply

— Renewables do not provide sufficient supply levels in
short timeframe to move beyond best use in electricity
generation

— Through 2025 we must look at the broad range of fossil
fuels (e.g., Natural Gas, Coal) and biomass feedstock for
hydrogen production



Why “green” hydrogen comes later:
Resource Availlability
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Public Drivers for the Hydrogen Economy

CO, reduction

— Renewables offer greatest CO, reduction when used as
replacement to current fossil fuel electricity generation

— Fossil fuel-derived hydrogen, with Carbon Capture and
Sequestration, offers scope for affordable, low-carbon
hydrogen

Security of supply

— Renewables do not provide sufficient supply levels In
short timeframe to move beyond best use in electricity
generation

— Through 2025 we must look at the broad range of fossil
fuels (e.g., Natural Gas, Coal) and biomass feedstock for
hydrogen production



Cost of Hydrogen at the Retall Site
Excluding CCS (Carbon Capture and Storage)
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Cost of Hydrogen at the Retall Site
Excluding CCS (Carbon Capture and Storage)
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Breakdown of CO2 emissions
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Breakdown of CO2 emissions
90% CO, capture at Central Production Facility

@ captured
20 [ distribution & retail
B manufacturing
T M upstream
g 15
@)
=
7))
C )
S 10
7))
@
=
)
o 5
O
0 ]
central CCS cgntral CCS cc_entral CCS
gaseous liquid liquid

(LNG-integrated)

. F O F -



Cost of Hydrogen at the Retall Site
Excluding CCS (Carbon Capture and Storage)
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Cost of Hydrogen at the Retall Site
Including Carbon Capture

H, cost ($/kg)
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NOTE: Cost of CO, Capture included at 50 $/ton avoided;
CO, Distribution and Storage costs excluded, as this
can  significantly vary (indicative range —10 $ to +20%/ton.




CO2 emissions (g/km)

Clean Hydrogen for Transportation
The impact for the end-user & manufacturer
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Vehicle assumptions

LH, (standalone)

LH, (integrated)

Hydrogen-FCV, 3.3 liter goe/100 km = 0.9 kg H2/100 km
Gasoline DI HEV, fuel consumption 5.2 liter/100 km
Based on GM-LBST European WtW study (Sept 2002)

Well-to-tank analysis:

Shell assessment, 90% CO,, capture
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Conclusion — The Case for Clean Hydrogen

« Key public drivers for supporting the Hydrogen Economy are
reducing carbon emissions and ensuring security of supply;

« At present, renewables are most effective in replacing stationary
power sources;

 Hydrogen made from a range of fossil fuels, notably NG and coal,
can alleviate transport-sector dependence on imported oill;

 Hydrogen delivery is more cost-effective via larger-scale production
than e.g. Forecourt production;

e Larger-scale Hydrogen production allows cost-efficient Carbon
Capture and Sequestration;

 Distribution and Retall of both Gaseous Hydrogen and Liquid
Hydrogen offer promise, being comparable in terms of cost and
environmental performance;

* “Clean Hydrogen” will reduce transport WtW emissions by some
80% compared to gasoline/diesel hybrids.



www.shell.com/hydrogen



Why “green” hydrogen comes later:
Carbon Savings: 1 GWh Renewable Electricity replacing ..

(stationary sector)
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Hydrogen Production — Technology options
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Adapted from John A. Turner, Science, 285, 687 (1999) for EU-HFP-SRA



