
Oxford University

Harwell Campus

Bill David

Inorganic Chemistry Laboratory
University of Oxford, Oxford, UK &

ISIS Neutron and Muon Source
Rutherford Appleton Laboratory
Harwell, Oxfordshire, UK

AMMONIA:
the elephant in the room?

IEA-DG ENER Workshop on "Electrofuels | Brussels | 10 September 2018



Inorganic Chemistry Laboratory

Oxford (2005-)

HYDROGEN STORAGE

2001 – 2006 Task 17 Solid and liquid state hydrogen storage materials

2006 – 2012 Task 22 Fundamental and applied hydrogen storage materials

2013 – 2018 Task 32 Hydrogen-based energy storage

2019 – 2022 Task 40 Energy storage and conversion based on hydrogen



1. Right now, the way we get hydrogen primarily is from reforming natural gas. That’s not

an ideal source of hydrogen.

2. If it’s for transportation, we don’t have a good storage mechanism yet. Compressed

hydrogen is the best mechanism but it requires a large volume. We haven’t figured out

how to store it with high density.

3. Now fuel cells aren’t there yet.

4. The distribution infrastructure isn’t there yet.

Steven Chu

The four miracles



1. Right now, the way we get hydrogen primarily is from reforming natural gas. That’s not an ideal source

of hydrogen.
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4NH3 + 3O2 → 6H2O + 2N2
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2. If it’s for transportation, we don’t have a good storage mechanism yet. Compressed hydrogen is the best

mechanism but it requires a large volume. We haven’t figured out how to store it with high density.

Storage method
Storage 

conditions

Hydrogen 

density 

(kgH2/m3)

H2 release 

conditions

Explosive limits 

(%vol in air)
PEL# (ppmv)

Vapour pressure 

(bar @ 298 K)

Compressed CH4 250 bar 36
Catalytic

T>700°C
5-15 N/A 600

Compressed H2 700 bar 42
Pressure 

release
4–75 N/A -

Liquid H2 <20.28 K 70 Evaporation 4–75 N/A -

Liquid NH3

<239.81 K 

@ 1bar
120

Catalytic 

T>400°C
15–28 50 11

Liquid NH3 >10 bar 

@ 298 K
108

Catalytic 

T>400°C
15–28 50 11

Methylcyclohexane 

(MCH)
Ambient 47

Catalytic 

T>300°C

1.2–6.7 (MCH)

1.2–7.1 (Toluene)

500

200
0.06

Methanol Ambient 100
Catalytic 

T>200°C
6.7–36 200

0.17

Formic acid Ambient 53
Catalytic 

T>50°C
18–34 5 0.06

# Permitted Exposure Limit, Occupational Safety and Health Administration, U.S. Department of Labor. Given as 8-hour time weighted average concentration.



3. Now fuel cells aren’t there yet.



4. The distribution infrastructure isn’t there yet.

reneweconomy.com.au/csiro-cracks-barrier-to-export-hydrogen-fuel-to-power-cars-79439/



Safety on the forecourt



• ca.180M tonnes of NH3 produced in 2017
• ca.  20M tonnes of NH3 exported (maritime)

• NH3 has 40% of the calorific value of octane
• 94% of the energy in the production of green NH3

comes from the production of green hydrogen

2017 | 3 million plug-in electric vehicles

standard car 
petrol
1m3/yr

NH3 180Mt/yr

NH3

40% calorific 
value of 
petrol ×

= 70 million 
cars

Elephantine numbers







www.weforum.org/agenda/2018/05/morocco-is-building-
a-solar-farm-as-big-as-paris-in-the-sahara-desert/

www.worldfertilizer.com/environment/03082018/ocp-
group-and-fraunhofer-imws-sign-mou/



Biomass

Coal

Gas

Geothermal Nuclear

Hydroelectric Solar

WindMarine

SUN

WATER

AIR

GLOBAL COMMONSWE MUST ALSO USE THE GLOBAL COMMONS
TO STORE ENERGY



Dinorwig, N Wales

1.8GW (peak) | 9.1GWh 

Pumped hydroelectric storage



www.energycommons.global

SUN

WATER

AIR4NH3 + 3O2  6H2O + 2N2

DH =   -5,180Wh/kg NH3

( NH3 = chemically energised water)

Hydroelectric storage
(gravitationally energised water)

Hot water heat storage
(heat energised water)

All forms of energised water that can be easily stored



DEMOCRATISING ENERGY


