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Ammonia:
zero-carbon fertiliser,
fuel and energy store
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The term "Hydrogen Economy’ was coined by John Bockris during a talk he gave in 1970 at the GM Technical Centre.



World Power Consumption (TW) 18.9

The Rise of Liquid Hydrogen
LH, Liquefaction Capacities today

350t/day = 127,000t/yr

H, AH(LHV) = 33.3MWh/t

241 t/day

gy & ... o = 4.2TWh/yr

(excl'. Japan)

(4.2 x 60)/184 = 14 mins
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The hydrogen distribution infrastructure isn't here yet.
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Hydrogen refuelling stations

Brazll
1

Total (end 2019) = 470
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Global hydrogen refuelling
infrastructure

100kg/day x 150 days x 470 stations

= 7,000 tonnes/year | 55,000 cars

7,000 tonnes/year
= 5.4GWh/year
— 10 seconds

SOURCE: afdc.energy.gov/fuels/hydrogen_locations.html
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2019 (global)

production:  182.2Mt/yr
capacity: 224 AMt/yr
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production:  710TWh/yr
capacity: 875TWh/yr

production: (710/18.87)h
capacity: (875/18.87)h

international trade:
25 million tonnes/year

production: 37h
capacity: 46h
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DISPATCHED AND DISTRIBUTED FUEL STORAGE: US STATUS
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US NH; storage facilities: 10,636
US capacity: 24.2Mt NH;/year
US production: 22.2Mt NH,/year

43x 100kg/day x 250 days/year
— 1075 tonnes H,/year — 36GWh/year

24.2Mt NH3/year — 122TWh/year = 122,000GWh/year
x3400
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Ongim 1 Origin Enmgy Beli Bay Green Hydrogun and Ammani Bl Bay
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Plant list <

Usited States
dorwsin
Oenmack
Trinidad & Tobago
Austraka
Austraba

United Kingdom
Sweden

Qeran

Bokvie

Norway

Mousice

Canade

reland
Austrata
Australa
Urstesd States

OC1 Nitrcgen

North Amarics Anncunced
Adla PALL joirt -werdurs Ancounced
Lurope Caperbagen Infrastructure Partnon, N Announced
North Amerca PO Lisas Nitrogen Ltd Operatonal
Oceania Anncunced
Goeanka Woodside Enurgy Anncunced
Europe CF Industries Announces
Europe Fertiberia Anocunceo
Micklu Eant DEME Concessians, OO Anncunced
Latin Acrerics 2 Boiris, Government of Orero Ancounces
Europe Yara, Statkraft, Aker Hortrons Anncunced
North Aswrica Tarafert Anncunced
North Amerca Nulrien QOpueratonal
Europe B-442, Zevith Announced
Oceania Yara, ENGIE Announced
Oeeanu Ongn Anccunced
North Amerca CVR Lrergy, Chaparral Energry, Nloe Sou Operational

20.00 Newbuild
12.36 Newbulld
11.50 Newbuild
11,43 Newbuild
10.45 Newbuild
10.00 Newbuild
9.90 Newbuild
4,40 Newbulld
3.00 Newbuild
3.00 Newbulld
2.95 Newbuild
2.59 Newbuild
2.50 Newbuild
2.40 Newbulld
2.26 Newbuild
1.90 Newbuild
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Low carhon ammonia plant Mt
10 © Project name © Location « Coumtry * Continent © Company * Status
WGEH 3 WaGIEH A | A b Ocmania Intercontental Energy, OWP Glatial Anncunced
FFivgem 3 Patagorsa Argenting Latiy Amerkca Fortescue Future Incustries Anncunced
Pagraa 1 Papua New Guinea  Oceania Fortescue Futuo Industres, Papua Nes Announced
AMAN 1 AMAN Mauntsrsa Adricy CWY Glabal Anncunced
| ~ Company - |Status * Year  .I|Capacity (t/y) .= [Capacity (kt/ - Capacity (Mt, - Project type
Intercontental Energy, CWP Global Announced 20000000 20000.00
Fortescue Future Industries Announced 2030 12359551 12359.55
Fortescue Future Industries, Papua NeyAnnounced 11500000 11500.00
CWP Global Announced 11425000 11425,00
0Q, Intercontinental Energy, EnerTech Announced 2038} 10450000 10450.00
Saudi Aramco, Intercontinental Energy, Announced 10000000 10000.00
Intercontinental Energy Announced 2035 9900000 9900.00
Total Eren Announced 2027 4400000 4400.00
Intercontinental Energy Announced 2030 3000000 3000.00
Horlsont Energl Announced 3000000 3000.00
Waodside Energy Announced 2_949438 2949.44
Hyphen Hydrogen Energy Announced 2030 2592000 2592.00
Proton Ventures, Trammeo, Global Ener Announced 2 g 2500.00
Aot &
Province Resources, Total-Eren Announced 2030 2400000 2400.00
== r
Waoodside Energy Announced 2023 2359551 2359.55
MRHP, Copenhagen Infrastructure PartAnnounced 1900000 1900.00
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£ $00000
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20000.00
1235555
11500.00
11425.00

Group  Ungroop
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2000 Newhuils
12,36 Newtuild
11.50 Newtuild
11.43 Newbuild
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s prod technt dregen licensor
Ulectrolyns
Blectrolyds
Blectrolysis
Fluctrobyis

Plant Type
Hemewable
Renewabie
Renewabie
Revewakiv

_~ |Hydrogen production techne * Hydrogen licensor

700.00
660.00
050,00
648.00
£25.50
569,89
540.00
520.00
520.00
500,00
500.00
500.00
A90.00
488,76
480.0¢
a20.00
17400

Electralysis
Electrolysis
Eiectralysis
Electrolysis
Alkaline or PEM electralysis
Electrolysls

Alkaline electralysis
Electrolysis

Alkaline electralysis
Autothermal reforming
Alkaline or PEM electrolysis
Electrolysis

Electralysis

Electrolysis

Natural gas reforming

PEM electrolysis

0.70 Revamp

Natural gas refoeming
0.65 Rovamp Natural gas reforming
O65 Newhuivd Uenctrolyuy
0.65 Newtulls Natural gas reforming
0.63 Newtiuie
0.59 Newtiuid Alkaine or PEM slectrolyin
0,58 Revamp Natural gas refoeming
0.52 Newhuid Eloctrolysis
0.52 Newtivid Elocticlysin
9.5 Newbuikd Uectrotyus
0.50 Revamp Electrolysis
0.50 Newbuild Electrolysis
049 Neabuikd frhane cracking
0.49 Newbuid Blectrolysds
0.48 Revamp and Newbuld Alkaine or PEM eloctrolysis
0.42 Newbuikd Eloctrelysn
0.8 Hevamp Gauticaten
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Renewable
Renewable
Renewahble
Renewable
Renewable
Renewable
Renawable
Renewable
Renewahble
Fossll

Renawable
Renewable
Renawable
Renewable
Fossil

Renewable

Fomst
Ferswl
Remewable
Fossl
Fensil
Rumewakiln
Foswl
Renewable
Rumewabilv
Renewable
Renewable
Renewabie
Fonul
Remewabie
Hytirg
Rerewabin
Foswl
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announced low-carbon ammonia plants project list (courtesy Ammonia Energy Association)



https://airqualitynews.com/news/fuels-news/green-ammonia-plant-receives-funds-to-move-from-concept-to-reality/

The air quality news and information site

airql%l%}}lt .com
part of the GEIED Networ
Fuels , Headlines Green ammonia plant receives
funds to move from concept to
reality

In May last year, the Science and Technology Facilities Council (STFC)
announced that they, along with partners Frazer-Nash Consultancy had won
£284,000 in early-stage funding to design a green ammonia plant.

The funding was awarded by the Department for Business, Energy and Industrial
Strategy (BEIS) through its Net Zero Innovation Portfolio Low Carbon Hydrogen
Supply 2 competition after the team put forward their plans to create a complete
and ready-made design for industry.

The project, which was titled the Ammonia Synthesis Plant from Intermittent
Renewable Energy (ASPIRE) initiative has now been awarded another £4.28
million by the Department for Energy Security and Net Zero to develop a small
demonstration plant at the STFC Rutherford Appleton Laboratory in
Oxfordshire.

While ammonia has long been made in chemical plants (grey ammonia) for use
in fertiliser, the global CO2 footprint of the industry is equivalent to the total
output of South Africa’s energy industry. What’s more, its potential as a
‘superfuel’ means demand for ammonia will increase rather than decrease, so a
more environmentally friendly method of producing it was needed.

As Dr Tristan Davenne, Senior Research Engineer in STFC’s Energy Research
Unit said last year: ‘Although ammonia-based technology looks set to be a major
player in a carbon-free future, currently its production creates a significant
amount of greenhouse gas.

“T'o make ammonia fuel truly green and sustainable, we need to think about
making the production process carbon free as well. Our aim is to design a flexible
scalable plant which is optimised to generate green ammonia from intermittent
renewable power sources such as wind and solar.’



Damien Weidmann

Principles of Molecular Sensing
High spectral resolution for fingerprinting
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Bending - Vibration mode v4 - 1367 cm!

» Narrow window sufficient

» Sounding optimization

» Information from a resolved line
— Altitudinal information
— Non LTE effects

L - Velocity
| — 20 -~ EM field information
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Transformational Gas Measurerment
RAL Space

ORION: A new open-path ammonia sensor

Richard Kovacich'®, Catlin Gunn®, Sophie Purser!,

Marsailidh Twigg?, Matthew Jones?, Duncan Harvey?, and Damien Weidmann'?
! Miricn, Uit 6, Zephyr Batldng. Bighth Seet. Harwell Compus, Didost OX1T OHL, UK
“UK Cortre for Ecology and Hydrology, Bush Bxtate, Pesiculk, Midicthian EHIE 0O, UK
YSTFC RAL Space, Ruheriond Appleton Laborassory, Harwell Campus, Dideot X117 00X, UK
* richard kouar k@ mirko.co ok

* Open-path laser dispersion spectrometer

*  Autonomous system, continuous measurements

* Can measure over many paths to give spatial and
temporal information

* Operatesin a wide range of weather conditions

* 360" horizontal coverage, £10 vertical

—— —— —— e . T ——— e .

T g b o P PR L "
* 10-day field trial at the Whim Bog Facility ‘
* Measured controlled releases of ammonia over | ‘= A ML Wi L A
~1 km‘ using 6 retro-reflectors :
* ORION operated in several periods of heavy ‘ [ ) NPT L T | e
rain with no deterioration in performance
"‘— — .~ Od.-—- e U S

* |mmediate response to ammonia release

= No tailing at the end of a release

* Measurement limit 1 ppm'm over 1 sec {10 ppb over
100 m)

* |Long-term statistics over 6 days give a background of
6.9 ppb = 4 ppb.

Faanve Freamecy

Concacaranan (ppe

* Improvements have been identified that will allow a dynamic range of 0.1 ppb — 4 ppm.
* Measurements were carried out in partnership with the UK Centre for Ecology and Hydrology
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>-< SUNBORNE: ZERO CO, ZERO NO,

* allows existing engine
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4 COMBUSTION

*-1]# Mﬂl

architectures to convert to NH,

* in-line cracking turns waste

heat into power

* unique heat exchanger and

catalyst technology means
lower-temperature waste heat
can be used.

* NH,/H, blends create a self-

piloting mixture that addresses
combustion instabilities and
minimise NO, emissions

» overall system efficiency

increases

GOAL: TO DE-DEMONISE THE INTERNAL COMBUSTION ENGINE
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THE WATER-AMMONIA CYCLE 6H,0 + 2N, «<— 4H;,N + 30,
H;N (air hydride 1) <> H,O (air hydride 2)
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THE ULTIMATE VIRTUOUS CIRCLE




	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19

