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TOPSOE SOLUTIONS ACCELERATE THE ENERGY TRANSITION
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HYDROGEN MARKET
IN 2020

Selling price: 1-2 USD/kg H,
135 billion USD (90 Mill tons @ 1.5 USD/kg)

H2 Production H2 consumption

By-product
21%

Other
6%

Methanol
14%

Natural gas
59%

*water electrolysis made up ~0.03%

Ammonia
37%

Refining
43%

TOPSOE Source: IEA, Global Hydrogen Review, 2021 © Topsoe A/S. Al rights reserved.




TOPSOE SOLUTIONS ENABLE THE ENERGY SYSTEM OF THE FUTURE WITH HIGH-
PERFORMANCE ELECTROLYSIS AND CLEAN FUELS & GREEN-MADE CHEMICALS
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HOW SOEC ELECTROLYSIS WORK
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THE DEVELOPMENT PATH OF TOPSOE’S SOEC TECHNOLOGY

Solid Oxide Fuel Cell (SOFC) developed in the '80s
*  SOFC cell and stack can also be used as SOEC
»  Electrolysis of both water and CO,

Focus on SOEC since 2015
* Demonstration and industrial SOEC units since 2015
*  SOEC cell and stack further improved

Design of 500 MW SOEC stack manufacturing plant
* Scheduled start-up in 2024

* Expansion to 1.1 GW/5 GW
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SOEC IS SIGNIFICANTLY MORE EFFICIENT THAN LOW TEMPERATURE ELECTROLYSIS

kWh/Nm? — Product Hydrogen

Low Temp 4.0 05 50 Heat Integration  33%

Stack Efficiency  67%
High Temp 3.0 05 40

Efficiency
I System Electrolysis Heat of evaporation
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SOEC’S ADVANTAGES BECOMES SIGNIFICANT AT PLANT LEVEL

Conventional
stand-alone ammonia

Energy consumption
8.4-10.5 MWh/MT

7

Alkaline electrolysis

Energy consumption
10.2 MWh/MT

Electrolyzer 96%

Air separation 2%
HB loop 2%
Utilities <1%

SOEC

Energy consumption
7.9 MWh/MT

Electrolyzer 93%

Air separation 2%
HB loop 5%
Utilities <1%
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GREEN HYDROGEN BY SOEC
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PLOT IN HERNING NEAR JYSKE BANK BOXEN
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3D RENDER OF THE FACTORY

TOPSOE
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HERNING PLANT - FROM MARCH 2023
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THE RENEWABLE DISTRIBUTED & DYNAMIC AMMONIA PLANT (REDDAP)

TOPSOE
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e Worlds first dynamic green ammonia plant
 Directly coupled to renewable power

e 200 mill DKK project

e 81 DKK funding granted from

EUDP C

The Energy Technology
Development and
Demonstration Programme

TOPSOE
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POWER-TO-AMMONIA
PREVENTION OF 8200 TONS CO2 EMISSIONS TO THE ATMOSPHERE

Existning Wind turbines
6 X 2 MW Vestas V90

50 MW

New PV power
91 hectar with bi-facial tracker PV panels
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24MTPD Power-to-Ammonia
Worlds first green ammonia plant in dynamic mode

© Topsoe A/S. All rights reserved.
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Renewable power

plant
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Green Ammonia
product

Commercial Dynamic Ammonia Green Ammonia
Electrolyzer and synthesis product
Air Separation Unit

Water

Air

NH
N, A 3

Respond to actual power and ammonia market price
Dynamic operation between 10 and 100% load
Produce Green Ammonia during curtailment
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GREEN METHANOL BY SOEC
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FLAGSHIPONE
PROJECT DETAILS

Location

FlagshipONE will be co-located with Horneborgsverket, a
combined heat and power plant (CHP) from Ovik Energi in
Ornkdldsvik, north-east Sweden. Biogenic CO2 emitted
from the Combined Heat & Power plant (CHP) will be
captured and used to produce the eMethanol.

Partnership

In January 2022, @rsted acquired a 45 % ownership share
in Liquid Wind’s FlagshipONE.

TOPSOE Scope
ModulLite™ Plant with capacity of 50,000tons per year.
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Upcycle 70,000 tens Produce 50,000 tons of
COs per year " eMethanol per year
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PERFECTING
CHEMISTRY
FOR A BETTER
WORLD
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