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www.suslab.ch/_files/ugd/2109ff_ea269a65c
60e42e19b9fdd998715f43d.pdf

energy-transitions.org/wp-content/uploads/2021/11/
The-Next-Wave-Green-Corridors.pdf

www.smithschool.ox.ac.uk/publications/
reports/zero-emissions-shipping.pdf





• scarce availability for 

the next 10-20 years 

• in competition with all 

other maritime sectors 

and CCS

• thermodynamic 

challenge of direct 

capture of CO2 from air 

(DAC)

• additional synthesis 

steps after H2

production

• feasibility and cost of 

(DAC) of CO2 at 

scale 

• no large scale CH4, 

CH3OH synthesis 

available

• no global H2

distribution 

infrastructure and 

high cost H2 storage 

• existing global NH3

infrastructure 

• green & blue NH3

infrastructure 

proposals

• existing storage 

infrastructure and 

transportation can 

be used

• direct use of electricity 

is the most efficient 

wherever possible

• for H2 and NH3, two 

alternate paths: green 

(renewable electricity) 

and blue (natural gas 

with CCS)

• one step process to 

H2 (electrolysis)

• integrated process 

(electrolysis and 

Haber Bosch) for 

NH3 production

• 95% of engines 

would have to be 

modified for e-CH4

and e-CH3OH

• engines available

• all engines must be 

modified for both H2

and NH3

• engines fully 

commercially 

available both H2

and NH3 within 3-5 

years



https://www.man-es.com/discover/two-stroke-ammonia-engine



SOLID OXIDE FUEL CELLS (SOFCs) ALKALINE FUEL CELLS (AFCs)

www.proactiveinvestors.co.uk/companies/news/
960407/ceres-power-awarded-funding-for-two-
ship-emission-projects-960407.html

www.proactiveinvestors.co.uk/companies/news/
967857/afc-energy-says-fuel-technology-chosen-
to-power-zero-emission-cargo-ships-
967857.html



international trade:

25 million tonnes/year

(~120TWh/year)

Energy infrastructure  energy vector  E( rB - rA, t2 - t1) 



NH3

IOWA >800,000t (1087 sites)

30000 tonnes

33.916311 -118.42734

Chevron El Segundo Refinery 

324 W. El Segundo Blvd.

El Segundo CA 90245

AMMONIA (US infrastructure)

US capacity: 24.2Mt NH3/year

US production: 22.2Mt NH3/year

20Mt NH3/year 

 70TWh/year  70TWh/year

US (>10,000 sites)



ENERGY INFRASTRUCTURE  energy vector  E( rB - rA, t2 - t1) 



SOURCE: afdc.energy.gov/fuels/hydrogen_locations.html

www.researchandmarkets.com/
research/n5lw4d/global_hydrogen

500  100kg/day  250 days/year = 12500 H2 tonnes/year

 420GWh/year

c.f. 182Mt/yr (NH3)  870,000GWh/year



GW




