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Portfolio

* Ammonia

* Methanol

* Urea

* Hydrogen & nitrates

* Phosphate fertilizers

* Granulation technologies (UFT)
* Biomass gasification (BioTFuel)

* Services




Fertilizer industry & \

Green Energy

Portfolio
* Green Ammonia
* Green Methanol

* Urea

\
D '
A

* Hydrogen & nitrates We create
* Phosphate fertilizers a livable
 Granulation technologies (UFT) ‘W’ planet‘f

* Biomass gasification (BioTFuel)

. —-——‘r"' '_ i ; Al 3

N WS A T AR, W 2 ¥

S

2

>

1<

)

T
A
gl

———

| 3

--.:I -".l'.I T — LAY
=y o
¥ = s
= = ’g*
'
s
3
= '
F i
A

o

* Services




Clean ammonia is indispensable in a net-zero world

Two fundamental shifts... ...driven by a range of factors

o ) Regulatory pressure across regions with end of free CO2 allowances in EU
0 Existing uses shift wiN’

Yo  Fertilizer & ETS most significant

from 'grey' to 'clean’ @_ _ i . . _
Immonia =7 industrial End-consumer demand for climate-friendly food pushes companies to

decarbonize value chain

New 'green energy' )
9 end-uses emerge R 7| Hydrogen carrier Spatial mismatch between global H2 demand and 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
% 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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Hydrogen carrier: as H, scales, a global shipping network is going to
emerge due to a spatial mismatch between demand and supply

Emerging global transport routes for transportation of hydrogen

Norway to
Europe

MENA
to Europe

* i
— Middle East @ 2
| toJapan & Korea
.

Brazil to

Europe _

South Africa Australia to
) to US Japan & Korea

to US

New paths bring new
challenges....infrastructure, ships,
utilization, markets...

w
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Sheet1

														» Update Map

		ID		Admin 0		Continent		UN Region		UN Sub Region		World Bank Region		Fill Color		Line Color		Label

		AD		Andorra		Europe		Europe		Southern Europe		Europe & Central Asia

		AE		United Arab Emirates		Asia		Asia		Western Asia		Middle East & North Africa

		AF		Afghanistan		Asia		Asia		Southern Asia		South Asia

		AG		Antigua and Barbuda		North America		Americas		Caribbean		Latin America & Caribbean

		AL		Albania		Europe		Europe		Southern Europe		Europe & Central Asia

		AM		Armenia		Asia		Asia		Western Asia		Europe & Central Asia

		AO		Angola		Africa		Africa		Middle Africa		Sub-Saharan Africa

		AR		Argentina		South America		Americas		South America		Latin America & Caribbean

		AT		Austria		Europe		Europe		Western Europe		Europe & Central Asia

		AU		Australia		Oceania		Oceania		Australia and New Zealand		East Asia & Pacific

		AZ		Azerbaijan		Asia		Asia		Western Asia		Europe & Central Asia

		BA		Bosnia and Herzegovina		Europe		Europe		Southern Europe		Europe & Central Asia

		BB		Barbados		North America		Americas		Caribbean		Latin America & Caribbean

		BD		Bangladesh		Asia		Asia		Southern Asia		South Asia

		BE		Belgium		Europe		Europe		Western Europe		Europe & Central Asia

		BF		Burkina Faso		Africa		Africa		Western Africa		Sub-Saharan Africa

		BG		Bulgaria		Europe		Europe		Eastern Europe		Europe & Central Asia

		BH		Bahrain		Asia		Asia		Western Asia		Middle East & North Africa

		BI		Burundi		Africa		Africa		Eastern Africa		Sub-Saharan Africa

		BJ		Benin		Africa		Africa		Western Africa		Sub-Saharan Africa

		BN		Brunei		Asia		Asia		South-Eastern Asia		East Asia & Pacific

		BO		Bolivia		South America		Americas		South America		Latin America & Caribbean

		BR		Brazil		South America		Americas		South America		Latin America & Caribbean

		BS		The Bahamas		North America		Americas		Caribbean		Latin America & Caribbean

		BT		Bhutan		Asia		Asia		Southern Asia		South Asia

		BW		Botswana		Africa		Africa		Southern Africa		Sub-Saharan Africa

		BY		Belarus		Europe		Europe		Eastern Europe		Europe & Central Asia

		BZ		Belize		North America		Americas		Central America		Latin America & Caribbean

		CA		Canada		North America		Americas		Northern America		North America

		CD		Democratic Republic of the Congo		Africa		Africa		Middle Africa		Sub-Saharan Africa

		CF		Central African Republic		Africa		Africa		Middle Africa		Sub-Saharan Africa

		CG		Republic of Congo		Africa		Africa		Middle Africa		Sub-Saharan Africa

		CH		Switzerland		Europe		Europe		Western Europe		Europe & Central Asia

		CI		Ivory Coast		Africa		Africa		Western Africa		Sub-Saharan Africa

		CL		Chile		South America		Americas		South America		Latin America & Caribbean

		CM		Cameroon		Africa		Africa		Middle Africa		Sub-Saharan Africa

		CN		China		Asia		Asia		Eastern Asia		East Asia & Pacific

		CO		Colombia		South America		Americas		South America		Latin America & Caribbean

		CR		Costa Rica		North America		Americas		Central America		Latin America & Caribbean

		CU		Cuba		North America		Americas		Caribbean		Latin America & Caribbean

		CV		Cape Verde		Africa		Africa		Western Africa		Sub-Saharan Africa

		CY		Cyprus		Asia		Asia		Western Asia		Europe & Central Asia

		CZ		Czech Republic		Europe		Europe		Eastern Europe		Europe & Central Asia

		DE		Germany		Europe		Europe		Western Europe		Europe & Central Asia

		DJ		Djibouti		Africa		Africa		Eastern Africa		Middle East & North Africa

		DK		Denmark		Europe		Europe		Northern Europe		Europe & Central Asia

		DM		Dominica		North America		Americas		Caribbean		Latin America & Caribbean

		DO		Dominican Republic		North America		Americas		Caribbean		Latin America & Caribbean

		DZ		Algeria		Africa		Africa		Northern Africa		Middle East & North Africa

		EC		Ecuador		South America		Americas		South America		Latin America & Caribbean

		EE		Estonia		Europe		Europe		Northern Europe		Europe & Central Asia

		EG		Egypt		Africa		Africa		Northern Africa		Middle East & North Africa

		EH		Western Sahara		Africa		Africa		Northern Africa		Middle East & North Africa

		ER		Eritrea		Africa		Africa		Eastern Africa		Sub-Saharan Africa

		ES		Spain		Europe		Europe		Southern Europe		Europe & Central Asia

		ET		Ethiopia		Africa		Africa		Eastern Africa		Sub-Saharan Africa

		FI		Finland		Europe		Europe		Northern Europe		Europe & Central Asia

		FJ		Fiji		Oceania		Oceania		Melanesia		East Asia & Pacific

		FK		Falkland Islands		South America		Europe		Northern Europe		Europe & Central Asia

		FR		France		Europe		Europe		Western Europe		Europe & Central Asia

		GA		Gabon		Africa		Africa		Middle Africa		Sub-Saharan Africa

		GB		United Kingdom		Europe		Europe		Northern Europe		Europe & Central Asia

		GD		Grenada		North America		Americas		Caribbean		Latin America & Caribbean

		GE		Georgia		Asia		Asia		Western Asia		Europe & Central Asia

		GF		French Guiana		South America		Europe		Western Europe		Europe & Central Asia

		GH		Ghana		Africa		Africa		Western Africa		Sub-Saharan Africa

		GM		Gambia		Africa		Africa		Western Africa		Sub-Saharan Africa

		GN		Guinea		Africa		Africa		Western Africa		Sub-Saharan Africa

		GQ		Equatorial Guinea		Africa		Africa		Middle Africa		Sub-Saharan Africa

		GR		Greece		Europe		Europe		Southern Europe		Europe & Central Asia

		GT		Guatemala		North America		Americas		Central America		Latin America & Caribbean

		GW		Guinea Bissau		Africa		Africa		Western Africa		Sub-Saharan Africa

		GY		Guyana		South America		Americas		South America		Latin America & Caribbean

		HN		Honduras		North America		Americas		Central America		Latin America & Caribbean

		HR		Croatia		Europe		Europe		Southern Europe		Europe & Central Asia

		HT		Haiti		North America		Americas		Caribbean		Latin America & Caribbean

		HU		Hungary		Europe		Europe		Eastern Europe		Europe & Central Asia

		IC		Canary Islands		Africa		Europe		Southern Europe		Europe & Central Asia

		ID		Indonesia		Asia		Asia		South-Eastern Asia		East Asia & Pacific

		IE		Ireland		Europe		Europe		Northern Europe		Europe & Central Asia

		IL		Israel		Asia		Asia		Western Asia		Middle East & North Africa

		IN		India		Asia		Asia		Southern Asia		South Asia

		IQ		Iraq		Asia		Asia		Western Asia		Middle East & North Africa

		IR		Iran		Asia		Asia		Southern Asia		Middle East & North Africa

		IS		Iceland		Europe		Europe		Northern Europe		Europe & Central Asia

		IT		Italy		Europe		Europe		Southern Europe		Europe & Central Asia

		JM		Jamaica		North America		Americas		Caribbean		Latin America & Caribbean

		JO		Jordan		Asia		Asia		Western Asia		Middle East & North Africa

		JP		Japan		Asia		Asia		Eastern Asia		East Asia & Pacific

		KE		Kenya		Africa		Africa		Eastern Africa		Sub-Saharan Africa

		KG		Kyrgyzstan		Asia		Asia		Central Asia		Europe & Central Asia

		KH		Cambodia		Asia		Asia		South-Eastern Asia		East Asia & Pacific

		KM		Comoros		Africa		Africa		Eastern Africa		Sub-Saharan Africa

		KN		Saint Kitts and Nevis		North America		Americas		Caribbean		Latin America & Caribbean

		KP		North Korea		Asia		Asia		Eastern Asia		East Asia & Pacific

		KR		South Korea		Asia		Asia		Eastern Asia		East Asia & Pacific

		KW		Kuwait		Asia		Asia		Western Asia		Middle East & North Africa

		KZ		Kazakhstan		Asia		Asia		Central Asia		Europe & Central Asia

		LA		Laos		Asia		Asia		South-Eastern Asia		East Asia & Pacific

		LB		Lebanon		Asia		Asia		Western Asia		Middle East & North Africa

		LC		Saint Lucia		North America		Americas		Caribbean		Latin America & Caribbean

		LI		Liechtenstein		Europe		Europe		Western Europe		Europe & Central Asia

		LK		Sri Lanka		Asia		Asia		Southern Asia		South Asia

		LR		Liberia		Africa		Africa		Western Africa		Sub-Saharan Africa

		LS		Lesotho		Africa		Africa		Southern Africa		Sub-Saharan Africa

		LT		Lithuania		Europe		Europe		Northern Europe		Europe & Central Asia

		LU		Luxembourg		Europe		Europe		Western Europe		Europe & Central Asia

		LV		Latvia		Europe		Europe		Northern Europe		Europe & Central Asia

		LY		Libya		Africa		Africa		Northern Africa		Middle East & North Africa

		MA		Morocco		Africa		Africa		Northern Africa		Middle East & North Africa

		MC		Monaco		Europe		Europe		Western Europe		Europe & Central Asia

		MD		Moldova		Europe		Europe		Eastern Europe		Europe & Central Asia

		ME		Montenegro		Europe		Europe		Southern Europe		Europe & Central Asia

		MG		Madagascar		Africa		Africa		Eastern Africa		Sub-Saharan Africa

		MK		Macedonia		Europe		Europe		Southern Europe		Europe & Central Asia

		ML		Mali		Africa		Africa		Western Africa		Sub-Saharan Africa

		MM		Myanmar		Asia		Asia		South-Eastern Asia		East Asia & Pacific

		MN		Mongolia		Asia		Asia		Eastern Asia		East Asia & Pacific

		MR		Mauritania		Africa		Africa		Western Africa		Sub-Saharan Africa

		MT		Malta		Europe		Europe		Southern Europe		Middle East & North Africa

		MU		Mauritius		Seven seas (open ocean)		Africa		Eastern Africa		Sub-Saharan Africa

		MW		Malawi		Africa		Africa		Eastern Africa		Sub-Saharan Africa

		MX		Mexico		North America		Americas		Central America		Latin America & Caribbean

		MY		Malaysia		Asia		Asia		South-Eastern Asia		East Asia & Pacific

		MZ		Mozambique		Africa		Africa		Eastern Africa		Sub-Saharan Africa

		NA		Namibia		Africa		Africa		Southern Africa		Sub-Saharan Africa

		NC		New Caledonia		Oceania		Europe		Western Europe		Europe & Central Asia

		NE		Niger		Africa		Africa		Western Africa		Sub-Saharan Africa

		NG		Nigeria		Africa		Africa		Western Africa		Sub-Saharan Africa

		NI		Nicaragua		North America		Americas		Central America		Latin America & Caribbean

		NL		Netherlands		Europe		Europe		Western Europe		Europe & Central Asia

		NO		Norway		Europe		Europe		Northern Europe		Europe & Central Asia

		NP		Nepal		Asia		Asia		Southern Asia		South Asia

		NZ		New Zealand		Oceania		Oceania		Australia and New Zealand		East Asia & Pacific

		OM		Oman		Asia		Asia		Western Asia		Middle East & North Africa

		PA		Panama		North America		Americas		Central America		Latin America & Caribbean

		PE		Peru		South America		Americas		South America		Latin America & Caribbean

		PG		Papua New Guinea		Oceania		Oceania		Melanesia		East Asia & Pacific

		PH		Philippines		Asia		Asia		South-Eastern Asia		East Asia & Pacific

		PK		Pakistan		Asia		Asia		Southern Asia		South Asia

		PL		Poland		Europe		Europe		Eastern Europe		Europe & Central Asia

		PT		Portugal		Europe		Europe		Southern Europe		Europe & Central Asia

		PW		Palau		Oceania		Oceania		Micronesia		East Asia & Pacific

		PY		Paraguay		South America		Americas		South America		Latin America & Caribbean

		QA		Qatar		Asia		Asia		Western Asia		Middle East & North Africa

		RE		Reunion		Africa		Europe		Western Europe		Europe & Central Asia

		RO		Romania		Europe		Europe		Eastern Europe		Europe & Central Asia

		RS		Republic of Serbia		Europe		Europe		Southern Europe		Europe & Central Asia

		RU		Russia		Europe		Europe		Eastern Europe		Europe & Central Asia

		RW		Rwanda		Africa		Africa		Eastern Africa		Sub-Saharan Africa

		SA		Saudi Arabia		Asia		Asia		Western Asia		Middle East & North Africa

		SB		Solomon Islands		Oceania		Oceania		Melanesia		East Asia & Pacific

		SD		Sudan		Africa		Africa		Northern Africa		Sub-Saharan Africa

		SE		Sweden		Europe		Europe		Northern Europe		Europe & Central Asia

		SG		Singapore		Asia		Asia		South-Eastern Asia		East Asia & Pacific

		SI		Slovenia		Europe		Europe		Southern Europe		Europe & Central Asia

		SK		Slovakia		Europe		Europe		Eastern Europe		Europe & Central Asia

		SL		Sierra Leone		Africa		Africa		Western Africa		Sub-Saharan Africa

		SM		San Marino		Europe		Europe		Southern Europe		Europe & Central Asia

		SN		Senegal		Africa		Africa		Western Africa		Sub-Saharan Africa

		SO		Somalia		Africa		Africa		Eastern Africa		Sub-Saharan Africa

		SR		Suriname		South America		Americas		South America		Latin America & Caribbean

		SS		South Sudan		Africa		Africa		Eastern Africa		Sub-Saharan Africa

		ST		Sao Tome and Principe		Africa		Africa		Middle Africa		Sub-Saharan Africa

		SV		El Salvador		North America		Americas		Central America		Latin America & Caribbean

		SY		Syria		Asia		Asia		Western Asia		Middle East & North Africa

		SZ		Swaziland		Africa		Africa		Southern Africa		Sub-Saharan Africa

		TD		Chad		Africa		Africa		Middle Africa		Sub-Saharan Africa

		TG		Togo		Africa		Africa		Western Africa		Sub-Saharan Africa

		TH		Thailand		Asia		Asia		South-Eastern Asia		East Asia & Pacific

		TJ		Tajikistan		Asia		Asia		Central Asia		Europe & Central Asia

		TL		East Timor		Asia		Asia		South-Eastern Asia		East Asia & Pacific

		TM		Turkmenistan		Asia		Asia		Central Asia		Europe & Central Asia

		TN		Tunisia		Africa		Africa		Northern Africa		Middle East & North Africa

		TR		Turkey		Asia		Asia		Western Asia		Europe & Central Asia

		TT		Trinidad and Tobago		North America		Americas		Caribbean		Latin America & Caribbean

		TW		Taiwan		Asia		Asia		Eastern Asia		East Asia & Pacific

		TZ		United Republic of Tanzania		Africa		Africa		Eastern Africa		Sub-Saharan Africa

		UA		Ukraine		Europe		Europe		Eastern Europe		Europe & Central Asia

		UG		Uganda		Africa		Africa		Eastern Africa		Sub-Saharan Africa

		US		United States of America		North America		Americas		Northern America		North America

		UY		Uruguay		South America		Americas		South America		Latin America & Caribbean

		UZ		Uzbekistan		Asia		Asia		Central Asia		Europe & Central Asia

		VA		Vatican		Europe		Europe		Southern Europe		Europe & Central Asia

		VC		Saint Vincent and the Grenadines		North America		Americas		Caribbean		Latin America & Caribbean

		VE		Venezuela		South America		Americas		South America		Latin America & Caribbean

		VN		Vietnam		Asia		Asia		South-Eastern Asia		East Asia & Pacific

		VU		Vanuatu		Oceania		Oceania		Melanesia		East Asia & Pacific

		XK		Kosovo		Europe		Europe		Southern Europe		Europe & Central Asia

		XS		Kashmir		Asia		Asia		Southern Asia		South Asia

		YE		Yemen		Asia		Asia		Western Asia		Middle East & North Africa

		YT		Mayotte		Africa		Europe		Western Europe		Europe & Central Asia

		ZA		South Africa		Africa		Africa		Southern Africa		Sub-Saharan Africa

		ZM		Zambia		Africa		Africa		Eastern Africa		Sub-Saharan Africa

		ZW		Zimbabwe		Africa		Africa		Eastern Africa		Sub-Saharan Africa






Development of ammonia market from only fertilizer base chemical to fertilizer plus energy carrier
We are the best partner for both business

2 mln tons p.a.

installed ammonia capacity add-on

>8 min tons p.a.

installed ammonia capacity add-on expected

RE based

for ammonia as maritime fuel and as energy
carrier

Fossil fuel based

grey ammonia plants

600 to 3,300mtpd

ammonia capacity range

50 to 5,000mtpd

ammonia capacity range

Tailor-made

Design and design requirements

Standardized

Design and design requirements

thyssenkrupp Industrial Uhde
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Green Ammonia as Energy carrier — Set up along the whole energy supply chain
The complete solution from one source

Electrolyzer
&

I atke Hydrogen

s Ammonia
LA
o 00
Power Nitrogen
> » :
_ . _ Transport Green Steel
Wind/ Solar/ / ) ) Ammonia storage Ammonia storage ) ) )
Hydro Ammonia production & loading & unloading Ammonia cracking Chemicals
@ﬁ Gas Turbine Power Generation
Power Plants Direct Usage

Air separation unit

Ammonia usage for energy transport, utilization as energy carrier or re-conversion to hydrogen
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Introducing Green Ammonia by thyssenkrupp

worldwide leading processes

holistic solution

,-heutral

. . 1
CO, emissions ammonia

1 depending on E-power source

20/50 and 120/300 being fully modularized and standardized ready for the market, tailor-made up to 5000mtpd

thyssenkrupp Industrial Uhde @
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Technology for Renewable Ammonia
Challenges ... unstable Renewable energies

Optimize storage
of energy

Optimize storage
of hydrogen

CO, “neutral”
ammonia

—

—

Electricity from
renewables

Electrolysis Ammonia synthesis O

2H,0 — 2H, + O, 3H, + N, = 2NH,
Optimize turndown ratio
and speed

thyssenkrupp Industrial Uhde
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Ammonia Plants based on Green Hydrogen

0

Block diagram: well-known building blocks ‘[rI

0, Core technologies
cleaning
N
electric power ammonia
:>_> Trafo, Electro-| [ H, .| Com- Deoxy,| .| H, |Compre| = | NH; \Storage,_>|:>
Rectifier lysis “lcleaning| “|pression drying | “|storage| 4 | ssion | °| synth. | |Loading
powe N, production (desired)
r Water storage
tank A~ WNW
I\ m
Deminer Cooling : ASU —>|:|'>02
alisation system Instr. air
time % ﬁ time
air

Challenge: Raw water Cooling water

* Fluctuating availability of electric power

* Stable operation of ammonia synthesis desired

Solution required to match fluctuating availability of energy with stable operation

thyssenkrupp Industrial Uhde
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Green Ammonia as Energy carrier — Set up along the whole energy supply chain
The complete solution from one source

What utilization
will be preferred:

Electrolyzer
&

I atke Hydrogen

s Ammonia
LA
o 00
Power Nitrogen
> » :
_ . _ Transport Green Steel
Wind/ Solar/ / ) ) Ammonia storage Ammonia storage ) ) )
Hydro Ammonia production & loading & unloading Ammonia cracking Chemicals
@ﬁ Gas Turbine Power Generation
Power Plants Direct Usage

Air separation unit

Ammonia usage for energy transport, utilization as energy carrier or re-conversion to hydrogen

thyssenkrupp Industrial Uhde @
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Ammonia Decomposition (Hydrogen from Ammonia)
Paths and challenges

* Heat source (should be “green”), also electrical energy possible

* Product purity with respect to residual NH; and N, content

Ammonia cracking
depending on utilization

17T T 1

Chemical feed- Mixing of H, to Methanation of Use in fuel cell

stock / raw material nat. gas grid H, to CH,, mixing (99.97% H,)

/ or fuel to nat. gas grid

lower requirements higher requirements

thyssenkrupp Industrial Uhde
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Many paths develop and many challenges arise thereby...

Renewable Energy
% Fi Production

Power Plant

™ |ntegrated Hydrogen &
' SNG Plant

Integrated Hydrogen &
) Methanol Plant

I [ntegrated Hydrogen & Steel Industy

Ammonia/Urea Complex = MM — ey d ‘:—?

Chemical Industry

thyssenkrupp Industrial Uhde
14 | 2022 | Indo-German Energy Forum



Back Up

thyssenkrupp Industrial Uhde
15 | 2022 | Indo-German Energy Forum



	Path and challenges to world scale green ammonia production
	Foliennummer 2
	Foliennummer 3
	Foliennummer 4
	Clean ammonia is indispensable in a net-zero world
	Hydrogen carrier: as H2 scales, a global shipping network is going to emerge due to a spatial mismatch between demand and supply
	Development of ammonia market from only fertilizer base chemical to fertilizer plus energy carrier�We are the best partner for both business
	Green Ammonia as Energy carrier – Set up along the whole energy supply chain
	Introducing Green Ammonia by thyssenkrupp
	Technology for Renewable Ammonia�Challenges … unstable Renewable energies
	Ammonia Plants based on Green Hydrogen�
	Green Ammonia as Energy carrier – Set up along the whole energy supply chain
	Ammonia Decomposition (Hydrogen from Ammonia)�Paths and challenges
	Many paths develop and many challenges arise thereby…
	Back Up

