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Hydrogen- the hottest thing in green energy?

® 12 October 2023

EIB signs €40m financing agreement with Battolyser
Systems

M0 October 2023

Aramco to sign Danish H2 deal in lower CO2 drive

O 12 October2023

Trafigura aspires to develop large-scale green H2 projects
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@®10 October 2023
Commission grants €100m state aid for Italian H2 project

Sources: Hydrogen Europe, 2023 and Bloomberg, 2023
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O 11 October 2023

Ballard announces orders for over 170 H2 fuel cell engines to
power Solaris buses

“ Swedish Industrlallsts Explore $6 i i’ﬁ LTy, ,
< Billion Green Steel Project in Canada B’dQC, Uuo.,( by
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= H2 Green Steel seeks access to Quebec’s hydroelectric power

= Northvolt just announced $5 billion battery plant in province

® 11 October 2023

Neste to use thyssenkrupp electrolysers at its Finnish refinery

© 9 October 2023
Repsol's 2.5MW electrolyser begins producing H2 in S°
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The demand for green hydrogen is expected to skyrocket

Potential for Exponential Growth of Global Hydrogen Demand (in mtpa)
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Source: Hydrogen Council
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Hydrogen demand directly converted to power demand

Figure 4. An lllustrative Hydrogen Colour Spectrum

Feedstock/

Terminology Technology Electricity source

* Other production pathways than
electrolysis seems overlooked

Green H'rdrognn Wind, Sclar, H}rdro,
Geothermal, Tidal

Furl:lc." Pink H}fdro-gcn Electrg|Fi5 Muclear

PRODUCTION
V1A ELECTRICITY

* Hydrogen via biomass gasification
deserves more attention

Mixed-origin grid ener

Matural gas reforming +

Blue Hydrogen CCUS gasification + CCUS ~ Natural gas, coal

« Non-weather dependent, fossil-free, 3% Sy e —
large-scale hydrogen production G2 Natural gas reforming

. Mitigate the power demand 58 -

* Process integration opportunities Y5 B S o cestfionte

° Negative COz-emissions Black Hydrogen Black coal

*GCG footprint given as a general guide but it is accepted that each category can be higher in son

Source: Global Energr Jnfm:trucfurr {GE”, 2021
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Gasification - flexible in feedstock & broad product

portfolio

Acid Gases, Sulfur
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« For every ton of dry biomass gasified, about

Gas (leaning Gas (Ieanmg & Conditioning
' v 0.1 ton of H, can be produced together
4] Iy with 1.5-2 ton of CO,, i.e., 15-20 kg CO,
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Cost for producing bio-hydrogen via gasification
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160 * Production costs methanol/methane =
hydrogen
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« (€O, captured and stored = Negative

100 emissions

« Price negative emissions = 100 € per
ton CO,

Cost for CO, transport and storage = 50
€ per ton CO,

0 10 20 30 s  Net credit = 50 € per ton CO,
Biomass price (€ per MWh)
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H, production cost (€ per MWh)
o 3

Ref: Advanced Biofuels — Potential for Cost Reduction, IEA Bioenergy, 2020
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Cost for producing bio-hydrogen via gaSification\‘.

Lo Hi CO2 comp (Lo) e==»CO2 comp (Hi)

. 90 €/MWh H, = 3 €/kg H,
. 60 €/MWh H, = 2 €/kg H,
. 30 €/MWh H, = 1 €/kg H,

l

2.5 €/kg H,

SMR + CCS
1.5 €/kg H,

Biomass price (€ per MWh)
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http://hdcoolwallpapers.com/wp-content/uploads/2015/02/HD-Zlatan-Ibrahimović-Wallpapers-10.jpg
http://hdcoolwallpapers.com/wp-content/uploads/2015/02/HD-Zlatan-Ibrahimović-Wallpapers-10.jpg
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Estimated cost of hydrogen based on solar cells and onshore

wind power beyond 2040-2050

USD/kgH,
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Ref: IEA Hydrogen Outlook, 2020



What about the CO,-abatement cost for hydrogen?

Electrolysis + liquefaction
Electrolysis + compression
Woody bio+CCS

Woody bio+CCS CO2 sold
Woody bio

Hydrogen
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Woody bio MeOH to jet
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Methanol

Woody bio

SEK/kg CO,ekv.

Ref: Hansson et.al (2023). Costs for reducing GHG emissions from road and air transport with biofuels and electrofuels, Report to Swedish Energy Agency
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What about the CO,-abatement cost for hydrogen?

Carbon dioxide abatement cost H2 pathways « Assumptions:

SEK/kg CO,ekv. * Bio-H, replaces H, from natural gas
» CO,-emssion factor of EU electricity mix
 Electricity price: 50 € per MWh

Electrolysis+Liquefaction

Electrolysis+Compression

Woody bio+CCS

Hydrogen

Woody bio+CCS (CO2 sold)
Woody bio

-2.00 -1.00 0.00 1.00 2.00 3.00 4.00

Ref: Hansson et.al (2023). Costs for reducing GHG emissions from road and air transport with biofuels and electrofuels, Report to Swedish Energy Agency
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Summary

 Gasification based bio-H, brings many attractive benefits.

 Difficult to compete with fossil-based hydrogen, but...

* The current developments of CCUS in other applications will lead to lower capital
costs.

« Every progress made within CCUS thus means more competitive gasification
systems.

 Bio-H, production cost and CO,-abatement cost likely to be lower than
the costs of power based H, in many world regions.

 Gasification based bio-H, deserves more attention!!
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