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C + O, = CO, 60 dm3 CO,/MJ

CiH; + (x+112y)O; = xCO, + 12y H,O ?? co,/MJ
CH,;+ O, = CO, + 2H,0
2H, + O, = + 2 H,0

24 dm?3 CO,/MJ

Mauna Loa, Hawali, United States (MLO)
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HFO —Heawvy fuel oil
LSHFO —Low Sulphur HFO
MDO - Marine Diesel Qil

2NH, + 1.50, = 3H,0 + N, (NO,)
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The thermodynamics of ammonia
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Fuel type Energy | Volumetric | Storage Storage
density  energy pressure | temperature
density
[MI/kg] | [GJ/m’] [bar] [°cl
Marine gas oil | 42.7 36.6 1 20
Liquid 50.0 234 1 -162
Ciekty NH, Iigtharie
Ethanol 26.7 21.1 1 20
Temp. Methanol 19.9 15.8 1 20
.| Liquid 18.6 12.7 1o0r10 -34 or 20 | Not highly
otoczenie ammonia flammable
toxic
Liquid 120.0 8.5 1 -253
hydrogen
Compressed 120.0 - 700 20
hydrogen
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Green and blue ammonia production process End-use applications
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Wplyw temperatury i ciSnienia na wydajnosc¢ reakcji syntezy NH,

Reforming parowy: —

CH,+ H,0 & CO + 3H, | | Innowacyjnosci
CH, + 2H,0 < CO, + 4H,

temperatura 20

1/2N, +3/2H,<==>NH, deltaH =-46.05 kJ

Temperatura Wydajnosc (% obj.)
[°C] p=1MPa | p=5\MPa | p=10MPa | p=30MPa | p =60 MPa |p=100 MPa
200 50,6 743 81.5 89,04 85.3 98,29
300 14,7 304 52.0 70,96 842 92,55
400 3.85 152 25.1 47,00 65.2 70.82
500 121 5.56 106 26,44 42.1 57.47
600 0,49 2.26 4,52 13,77 23.1 31,43
700 0.23 1,05 2,18 7.28 12,6 12,83
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WYMYWANIE CO, Z GAZU DO SYNTEZY - Wezet Benfielda

K2C03 o C02 e H20 =3 2KHC03 Forum
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CO, Produkcja mocznika AA—

Hydrolityczny rozktad mocznika w glebie z udziatem ureazy:

CO(NH,), +2H,0 > (NH,),CO, > 2NH, + CO,
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Ammania made near farms

Transportation

To market

Ammania is more than ferfilizer. The gas liquefies
easily under light pressure and chilling, and can be
transported fo power plants to generate carbonfree
electricity. It can also be “cracked” into H, , a valuable
energy source for fuel cell vehicles.
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Ammonia power plant
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Fuel cell vehicle
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“Hydrogenewables": a case for reaping RES-H2
synergies and developing offshore infrastructure

Offshore platform electrolysers directly
connected to offshore wind power
production.

Repurposed/retrofitted offshore pipelines
transporting H2 to shore to hydrogen
valleys or further along the EU hydrogen
network.

o
I Offshore platform as a hydrogen hub at sea
supplying hydrogen to ships in transit.

Renewable energy and hydrogen industries are strategic partners to materialise the EU Hydrogen
Strategy's target for a 40 GW electrolysis capacity by 2030 and to achieve the EU's updated 55%
greenhouse gas emission reduction target.

#H2ACT LAUNCH - 26.05.2021
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Demonstration of CO,-free Ammonia Synthesis
using Renewable Energy-Generated Hydrogen

@ AIST
ct. 31st, 2018

(JGC Corporation)
M.Kai, Y.Fujimura, T.Fujimoto,

(National Institute of Advanced Industrial Sceience and
Technology)

H.Takagi, T.Nanba, Y.Manaka

Copyright 2018 by JGC Corporation
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JBC Supply Chain of CO,-free Ammonia
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A March 2020-launched feasibility study being conducted by three
major Japanese coal generators and an Australian gas producer, in
collaboration with Japan’s New Energy and Industrial Technology
Development Organization, will evaluate all aspects of ammonia-coal
co-firing from production to power generation. Courtesy: JERA

~) Ministerstwo ¥3§L€Sﬁ$¥£ﬂ%&“§;
ey Klimatu i Srodowiska

i Gospodarki Wodnej




m Fukushima Renewable Energy Institute, AIST (FREA)
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Ammonia
Gas Turbine Demonstration Area

Ammonia Synthesis
Demonstration Plant

‘B /
Kori VA
oriyama, \5 o
Fukushima £
Pure Hydrogen Wind Power | 3
Hydrogen Energy Carrier = {imted Suiver 300KW)
Demonstration Building =
/ . . v ;
Photovoltaic Power System
Demonstration Field
(rated Power 500kW)
“‘Courtesy of AIST" 5

Copyright 2018 by JGC Corporation
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Ammonia Demonstration Plant il T

NH, Synthesls Reactor ,
(Backside of this Vessel)

Reactor
Top Elevation

Ru/REQ, catalyst produced

‘ ‘ : ' on a semisindustrial scale
H, Cylinders | N, Cylinders By JGC C&C

Copyright 2018 by JGC Corporation
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Carbon2Chem ThyssenKrupp
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ITM Power | Green H, @ Scale | Feb 2021
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ITM Power | Green H, @ Scale | Feb 2021

Forum

. Innowacyjnosci

700 ac
= 60C =
C 50( W '
¥ 40( &
? 30( _—" I ) -
= 20( -

10 -

( 0
2021 2022 2024 2025 202¢ 2027 2028 2029

2023
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Year Of Order

ITM Power Bessemer Park | 1GW pa Capacity Electrolyser Factory

100MW design | Part of the Gigastack FEED study
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Introducing renewable ammonia by thyssenkrupp
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Specific Consumption 50 mtpd plant | '
Flectric Power:  ~ 10 MWhfty,; l
[reated Water: ~ 1.6 tons/ty,

Cooling Water*:  ~ 240 tons/ty;..

CO,-neutral
ammonia

Electricity from ' ‘
renewables

Electrolysis Ammonia synthesis
2H,0 = 2H, + O, 3H, + N,=* 2NH,

pecific Consumption 300 mtpd plant
lectric Power:  ~ 9.4 MWh/t;
reated Water™:  ~ 1.62 tons/ty,,,
ooling Water*:  ~ 170 tons/ty,..

*CW loop flowrate
thyssenkrupp Indusbial Solubons — BU-ER **Iincl. steam generation @

| August 2018 | Tobras Bawe & Markus Wil
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Conventional ammonia production Electricity-based ammonia productior
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thyssenkrupp Industnal Solutions - BU-FER @
12 | August 2018 | Tobias Birwe & Markus Will
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Natural gas Reforming RAMEEH Water gas Separation

Coal Gasification shi Purification
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l Natural gas:7-29 kg CO, kg1 H, :
- Coal:14-60 kg CO, kg''H, :

»| Hydrogen

Renewable Haber

electricity

-09? kg CO, kg H, !

Fig. 2. Schematics of ammonia production in renewable approaches and
associated CO5; emissions compared to the conventional method.

Energy Conversion and Management 228 (2021) 113729
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Green ammonia
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The collaboration between Oxford-based Reaction Engines and the UK Science and

Technology Facilities Council
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HOW AMMONIA COULD FUEL FUTURE JET ENGINES
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the wings, just like
----- I kerosene-based fuel is
T today
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the tank through a heat [SSSES
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A c1tal¥ft ina'cracking |

reactor splits someof RS
the ammonia into :
hydrogen and nitrogen |

The burnable fuel mix However, the waste

is then fed into the ﬁroducts will mainly be
engine's combustion armless nitrogen and
chamber as usual _;__w water vapour
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MAN ME-GI/LGI Combustion Principle
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» A dual fuel engine
> Diesel combustion process
- High efficiency

Main Injection
Pilot Injection
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http://nh3car.com/

Forum
Innowacyjnosci

B L] <
AMMONIA-GASOLINE POWERED VEHICLE
www.nh3car.com
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1 zastosowanie NH; - Il Wojna Swiatowa, Belgia
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The potential market for “green” ammonia is inherently global

Maritime Shipping Routes and Strategic Locations Forum
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So how do we reach
consensus with so
_ many stakeholders?
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Storage and Transportation of NH,
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Polska

Zalety:

1.

naewbd

Grypa , Azoty”(Police, Putawy, Tarnow, Kedzierzyn) — Instalacje produkcji taniego
amoniaku amoniaku (ok. 5 PLN/kg NH;99.98 % ,nadwyzki zdolnosci)

Istnieje system transportu amoniaku — dodatkowe nabrzeze w ZCh ,,Police”
Specjalistyczne firmy obstugujgce produkcje i transport amoniaku

Grupy badawcze zajmujace sie amoniakiem

Stocznie, porty i dostep do morza, aby uczestniczyé w ,wyscigu
technologicznym”

Magazynowane wodoru w amoniaku bardziej ,gotowe” niz inne magazyny H,

Stabe strony:

1) TRL - Badania spalania bezposredniego w silnikach

2) TRL - Badania krakingu i produkcji energii w ogniwach paliwowych

3) TRL - Badania bezposredniego rozktadu z produkcjg energii w ogniwach
paliwowych

4) Integracja + decyzja na jedno z w/w rozwigzan i przyspieszenie prac
(lub réwnolegle kupi¢ ogniwa, aby zaczgc prace)

5) Rozwijac¢ CCS CO, w przemysle azotowym

6) Skad wodor w przysztosci? Energetyka jadrowa — reaktory HTGR ( High
Temperature Gas Cooled Reactor) + elektroliza wody
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