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thyssenkrupp in profile

We are an international group of companies

comprising largely independent industrial

and technology businesses
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Our businesses
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thyssenkrupp Uhde: Uniquely positioned market leader in providing

one stop shop solutions based on inhouse technology and EPx capability

Leading global plant engineering We create & realize value by providing Market leader with an installed base of
company for a variety of chemicals technology as well as project delivery >3,000 chemical & process plants
such as ammonia & methanol know how built across 100+ years
I I I
@ Offering innovative technology portfolio Close to our customers with a global Standardization & modularization of
& focus on developing and offering footprint and strategically placed key 00/ plants to improve project execution
future leading clean technologies locations
@ Bridgeville
@ Toky:
) Houston Cairo () Al Khobar

Riyadh @
Yo O0on® Abu Dhabi  umpai
Pune
Bangkok~ Map TaPhut

@® Headquarters @Erunei Darussalam
® Key locations ® Jzkarta
® Locations @Novalima

Johannesburg
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Overview: We support customers across diverse industries and

value chains - both as technology provider and project execution partner

Sustainable agriculture Clean chemicals & Circular systems &
& NH; derivatives energy vector emission reduction

. e . Ammonia Biomass Methanol to 8 Carbon Phospho-
UFT® Urea Gas Oleo- Propylene 8 Polyester /
. . PLA/ Bio Iso Propyl High
Vinyl Chain Plastic Alcohol Pressure Eq.
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What is ammonia and were can we find it today?

Nitrogen +

~180 million tons per year, Hydrogen

~80% is processed into fertilizer

Other applications:
e.g. cooling, chemical processes
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Ammonia: An ideal hydrogen carrier

g N

Hydrogen only liquefies Ammonia liquefies at a
at extremely low temperatures: temperature slightly below
a household freezer:

-253°C -33°C

This consumes up to 40% of the energy ...and has a higher energy density than
hydrogen (by volume):

3 3 O/O more energy

bound in the hydrogen

&



Ammonia production pathway
From gray to green and blue ammonia

Current situation

Grey ammonia

* Use of ammonia as chemical feedstock, but mostly for fertilizer
production (85%)

Expectation:
* Requirement to reduce CO, emissions in all industry sectors
will also threaten existing producers addmona\ efforts
. . roducers
* Increasing use of ammonia also as fuel for

because it does not emit any CO, during combustion and as

transport medium for hydrogen new markets
for producers

Future requirement

Green ammonia

delayed
an

- based on hydrogen from electrolysis of water, using

renewable energy
immediate
implementatio

 Production of ammonia with significantly reduced CO, emissions:

* Production of ammonia without CO, emissions:

L

Blue ammonia

— using fossil feedstocks (natural gas)

— utilizing CO, for other purposes (CCU) or storing it under
ground (CCS)

Ammonia: Market growth and new production pathways
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What are the market drivers for the new low carbon ammonia energy market?
Clean ammonia as a future market for the fertilizer industry

Two fundamental shifts... ...driven by a range of factors
o _ Regulatory pressure across regions with end of free CO2 allowances in
@ FX'S""“Q U:st'slh'ftl WA ertilizer & industrial EU ETS most significant
rom 'grey' to 'clean t t . . :
ammo%iay @i erilizer & mdustra End-consumer demand for climate-friendly food pushes companies to
decarbonize value chain
9 New 'green energy’ R /I i i
end-uses emerge Hydrogen carrier Spatial m|sr_natch between global H2 demanq a.md supply, whereby. key
for which 'clean' |/ N demand regions (i.e., EU, Japan, Korea) have limited local supply options

ammonia is required

Industry push to decarbonize, as indicated by IMO target of 50% GHG
‘.‘I%bv Maritime fuel reduction by 2050 and further corroborated by Maersk announcement of
8 ocean going vessels on decarbonized fuel by 2025

Power generation ammonia with aim to meet stringent decarb targets while utilizing existing

% Government-mandated quotas in Japan & Korea of co-firing clean
coal assets

The ammonia market is undergoing a fundamental shift, opening up new sectors and increasing the need for ‘clean ammonia’
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How big will be the market in the next years?
Clean ammonia demand — blue remains dominant option till mid-term

Offtake chances based on identified drivers Expected FID decisions till 2030
[ | 9 [ |

* North America and ME are most cost
competitive; Australia and India
accelerating, supported by domestic

23 fertilizer subsidies

I
I
———=—
I
I

T3 - * Nordics, Spain and Portugal will be
[0 | U production sites for green by 2030,

supported by carbon price

22
* North. Africa, South. Africa, Namibia,

) Chile and Brazil show good long-term

potential, but lack of infrastructure
which may delay the onset of projects
* Ammonia Combustion and Maritime
2.1 mmtpa H, in o, indicates massive upsides in mid-long
JP+KR & ! ! term — need support from regulatory
2.5 mmtpa H, in EU 114 bodies

L

» EU, South Korea and Japan are net

Ammonia Ammonia Maritime Clean Upside (H2 Upside Total Blue-ATR Blue-SMR  Green  Additional . .
importers of Ammonia - market for

as H2 Combustion Fertilizer ~ Carrier) (Maritime) (Upside) or Synloop Potential

Carrier (Blue-ATR) cracking

Japan, S. Korea & Germany showed acceptance for Blue as a transitional step — acceptable Carbon Intensity still unclear!

Source: Uhde Internal, IHS
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When will we see the new market?

Global EPC costs are on the high side, and political decisions are being delayed.

Competitiveness lag

|
at least 15 years corridor
of market development

Grey
including

Carbon Cost )

Blue

Green

Due to several global crises, EPC
costs are currently at high cost
scenarios.

Political decisions on carbon
taxes are being delayed.

Different global standards for
defining low carbon ammonia.

Different cross-border
approaches.

Integrated oil companies and
hydrogen rich countries are likely
to play a major role in the clean
transition.

Due to political uncertainties and lack of approved technical standards, we see a delay in the market ramp-up

Source: McKinsey September 2022
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Nothing is moving?

EU sets the target for 10 million tons, Japan with 3 million tons and South Korea ~ 4 million tons of H2 demand by 2030

EUROPE
Hoim i
e News & Analysls v Interviews Policy Development Tracker Morew

Germany to import green h
] ydrogen on alar
ic_ale with H2Global from 2027 (German) - 9e

e DPA \nternaf\‘-‘“a\ w nbY 2032

ald cost €20 billio

s national hydrogen grid co

yo im0 *® O 27

Germ‘mY'

story bY DPA \r\temat\ona
O 7

Hydrogen for industry: Germany gets serious with Algeria
OiL B'OFUELS By Nikolaus ). Kurmayer | Euractiv ( Est. 3min 5. Feb. 2024 (updated: 8 14. Feb. 2024) e

CARBoﬁT'T"“:" C‘l"\‘z

Q News -
A ! BIOMETHANE
uStral,a WEEK

t lea,

SL 15 i
- 3nd potentiglly 5o mU':;]"ZON MLOf green hydrog \£ SPORYS SCIENCE BUSINESS
S e

WBIZ LIFESTY!
WORLD INDIA SHO!
VIDEOS  GRAVITAS

¢ WION ' . . S
Germany boosts green energy ties with India ahe
Chancellor Scholz's visit -

Sighant Sibal « Updated: Sep O

Australia and German

.
initiati Y in $660m hyd .
Initiative Ydrogen funding
Angela Macdonald Sruigh

Aust
and James Hall iy 1'31? has signed a deal with the German government fi G s,

- F:t investment in Australian hydrogen projects as s lZFISMSO million of

lative . . = . ai
Eee 10 SUPPOIt SUppiy of the low-emissions fuel to the E ot
D= L2 tetand help replace Russian gas. € European
B Gife this avacen —
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e German hydrogen strategy:
— >50% hydrogen import quota
— Ammonia as main hydrogen carrier identified

e Germany will invest till 2032 around €20 billion in a
hydrogen pipeline network.

— Three locations of ammonia import cracker

» H2Global initiative

— Australia is joining the H2Global initiative with
$660 Mio.

— Uhde client Fertiglobe as winning bidder in
H2Global pilot auction for supply of renewable
ammonia at a delivered price of €1,000 per ton
into Europe.



Pioneer in green fertilizer from renewable energy — thyssenkrupp Uhde
First ammonia plant in Egypt (1950s, Aswan Dam)

Gamal Abdel Nasser
inaugurates dam and
plant in the 1950s

330.000 t/year green fertilizer (@ammonium nitrate) from hydropower
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Completing the final puzzle piece in the clean hydrogen transportation chain

up to up to
Electrolyzer 6 000 . 5 000 ; —
mtpd per train mtpd ammonia — @ Fuel
Hydrogen , , as feed
— Ammonia
production

Sustainable energy

D

Vv

Green steel
chemicals

N\

Ammonia
cracking

R

Ammonia storage Transport

C) Nitrogen j\ Single tank with up to
45,000 NiZ
Air separation unit ] mt storage volume
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Energy flow diagram
Hydrogen transport via ammonia and cracking

-1% Transport boil-off

<1% Storage losses

Hydrogen from cracked
ammonia has still roughly
Green Hydrogen Ammonia Hydrogen 4 5 - 5 OO/O

electricity from 51-56% 45-50%
(100%) Electrolysis of the initial energy of the
65-70% green electricity

~14-17%

~30-35% Ammonia cracking

losses

Ammonia synthesis
losses

Electrolysis losses
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Ammonia cracking | Go to market timeline

thyssenkrupp Uhde offers technical _
and commercial packages for large- Demo plant in
scale installations, continuously operation

enhancing the design based on _
operational insights from the De;sjlgn freclaze for
demonstration plant emo plant
2030

0
,2025 e

2024
1st commercial
plant in operation

2022
1st PDP contract
for commercial
plant
Lab plant in
operation

thyssenkrupp Uhde GmbH
17 | 12th November 2024 | Ammonia: Powering the Hydrogen Economy of Tomorrow | Thore Lohmann

Offentlich * Entwurf zur Diskussion




business.

* Political clarity and internat

required.




Innovate.

Integrate.

Impact.

thyssenkrupp Uhde GmbH
19 | 12th November 2024 | Ammonia: Powering the Hydrogen Economy of Tomirrow | Thore Lohmann

Offentlich * Entwurf zur Diskussion



Thank you for your attention

Friedrich-Uhde-StraBe 15
44141 Dortmund, Germany
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