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= Why Fuel from CO, (CO, Electrofuels)

Outline

The Nordic Energy Research project and partners

Infrastructure and Feedstock
Solid Oxide Electrolysis

Summary
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Future transportation energy demand
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Heavy transportation will account for the majority of the
transportation energy demand
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The road to sustainable fuels?

Source

Storage

Battery Performance?
Biofuel Availability?

HALDOR TOorsoE (M



Biomass availability and demand

Biomass ressources and potential demand 2050
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The Challenge...

Ragnarock Int. Conference on Climate Changes, 23 June, 2009, Milan, Italy
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Introducing CO2 Electrofuels
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Traditional Wood to MeOH
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CO, Electrofuels Wood to MeOH
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Output is doubled. Oxygen is for free
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A third generation biofuel?
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The CO, Electrofuel Project
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Is CO, electrofuels a viable and competitive technology for the Nordic countries?




Nordic Project Background
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Further studies required on:
= DME infrastructure

= Feedstock, electricity, CO,,
water & steam etc.

= Reduction of electrolysis
CAPEX & OPEX

DME CH3;0CH,

for
Fuel
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On board Methanol to DME conversion
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store and transport

DME Is an excellent
'Diesel’ fuel

HALDOR TOPRSOE (B



IS

Feedstock analys

Power

2

CO

.|.. ..T =5

a

CHEMREC £#

Enerqgy to Succeed

el

LS el
(] l_ o r!

o h

Ea Energy Analyses

SORPA

Flokkum og skilum

HALDOR TOorsoE (M



Biogas in Denmark
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Upgrading to from CHP to pipeline quality
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65% more with CO, electro-gas..............

HALDOR TOorsoE (M



Load balancing issues
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Future trends in electricity cost distribution
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A possible energy infrastructure
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http://www.energinet.dk/

Solid Oxide Fuel Cells & Electrolysis

650 — 800 °C
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Solid Oxide I-V curves

>,
.
QD
()]
= 67
o oM
> 20
Z 0.6 - \
:  SOEC
0.4 - N
0.2 -
-4 -3 -2 -1 0 1 2 3
Current density i [A/cm?]
OTU No Kinks and same slope
> Higher current in SOEC mode
o

HALDOR TOorsoE (M



Heat iIn SOFC and SOEC mode
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https://inlportal.inl.gov/portal/server.pt?open=512&objID=255&mode=2

High electrolysis efficiency at high temperature

Thermodynamic data for H,O electrolysis
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High pressure operation

LA 850°C. 50% 1, + 50% H,0. Air
> Facilitates fuel synthesis in SOEC mode
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SOEC Durability - Cells
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Is this (economically) viable?

Wood to Methanol price estimates
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Summary

® Biomass ressources are limited and additional fuels are
relevant for heavy transportation

= CO, Electrofuels can provide BOTH additional heavy
transportation fuels AND power grid load balancing.

= SOEC may be an enabling technology for CO,
electrofuels due to:
— High efficiency
— Optimum syngas composition through H,O and CO, electrolysis
— SOFC and SOEC synergies
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