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Nitrogen (N) is an essential element of life and a part of all plant and animal proteins.
Nitrogen is commercially recovered from the air as ammonia, which is produced
by combining nitrogen in the atmosphere with hydrogen.

Ammonia is converted to other nitrogen
compounds, the most important of which are
- urea (NH2CONH2),
- nitric acid (HNO3),
- ammonium nitrate (NH4NO3), and
- ammonium sulfate [(NH4)2SO4].
Ammonia is manufactured in vast
quantities worldwide, with China
and India leading in production (2009).
Can be stored compactly as a liquid (much like propane) at pressures around 10 bar
Highest H2 density of any liquid (50 % more H2 per volume than even cryogenic liquid H2)
Carbon-free, thus combustion does not produce greenhouse gases

Data source: U.S. Geological Survey - Nitrogen Statistics and Information
Figure source: http://www.roperld.com/science/minerals/ammonia.htm

•

•

Ammonia production,
transport, and consumption
roughly a $100 billion annual
worldwide business (2009)
Average scale of a typical
ammonia plant roughly 1000
MTPD

Ammonia uses
•
•

•
•

Approximately 80 % of use as a fertilizer for crops, particularly corn and
wheat.
Widely used as the working fluid in industrial refrigeration applications.
About half a million metric tons of ammonia are used annually worldwide for
this purpose.
As active ingredient in neutralizing NOx in flue gas and stack gas
Fuel use demonstrated on a large scale during World War II, when Belgium
operated its bus system on ammonia after the Germans seized its diesel fuel for the
war effort.

Source: http://www.hydroworld.com/articles/hr/print/volume-28/issue-7/articles/renewable-fuels-manufacturing.html

Source: Potash and Phosphate Institute, 1999, Phosphorus and the
environment: Better Crops with Plant Food, v. 83, no. 1, p. 37–39.

Source: International Fertilizer Industry Association

Source: http://www.hydroworld.com/articles/hr/print/volume-28/issue-7/articles/renewable-fuels-manufacturing.html

Haber-Bosch
process
•

•

•
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German Fritz Haber won the 1918 Nobel Prize for
Chemistry by inventing a process to turn hydrogen
and nitrogen gases into ammonia.
In the 1920s, Carl Bosh performed additional
research to improve the catalyst for this process,
which provided higher energy conversion efficiency.
As a result of their combined research, this essential
ammonia synthesis process is now known as the
Haber-Bosch (H-B) process.
The process combines hydrogen and nitrogen over
iron-based catalysts at about 400-500 degrees
Celsius (C) and above 100 atmospheres pressure to
produce ammonia:

3H2 + N2 —> 2NH3 ΔH=-92.4kJ/mol

Source: M. Appl, 1997, Modern production technologies, Nitrogen

Synthesis gas preparation
STEAM REFORMING OF NATURAL GAS
Sulphur compounds transformed by reaction with hydrogen on a cobaltmolybdenum catalyst into hydrogen sulphide (H2S), which is then
absorbed as zinc sulphide in a bed of zinc oxide pellets at a 300 – 400 C
temperature
Primary reforming takes place in furnace tubes packed with nickel
catalyst. Heat supplied by natgas burners in the furnace radiation box.
Circa 65 % conversion achieved at 750 – 800 C.
Secondary reforming takes place in a refractory-lined vessel filled with
nickel catalyst using controlled amount of air at 950 – 1000 C leading to
reforming of residual methane adiabatically and introduction of right
amount of nitrogen to give H2/N2=3.
CO content is then reduced by the shift reaction using an iron-chromium
catalyst at 350 – 400 C followed by further shifting at 200 C on a copperzinc catalyst.
The CO2 is then removed by scrubbing with a solvent.
Residual CO and CO2 are then methanated using a nickel catalyst at 300
– 350 C.

Air

Source: M. Appl, 1997, Modern production technologies, Nitrogen

Ammonia synthesis

Source: M. Appl, 1997, Modern production technologies, Nitrogen

In 1980 there were at
least five commercial
ammonia plants in
operation based upon
water electrolysis
Site

MW

Nm3/h H2

Rjukan
(Norway)

165

27 900

Glomfjord
(Norway)

160

27 100

Aswan
(Egypt)

100

16 900

Reykjavik
(Iceland)

20

3 000

Cuzco
(Peru)

24

-

Source: http://yara.com/about/where_we_operate/norway_production_glomfjord.aspx

Feedstock
Natural gas
Water
Vacuum residue
Coal

Process
Steam reforming
Electrochemical
Partial oxidation
Partial oxidation

Total energy (LHV) GJ/t NH3
30
33
38
48

In 1980 the cost of an
electrolysis-based
ammonia plant rated
at 300 MTPD was
stated to be $80M
= $174M (2013)

Source: http://www.hydroworld.com/articles/hr/print/volume-28/issue-7/articles/renewable-fuels-manufacturing.html

Ammonia plant 300 MTPD
Year
CEPCI
Cost, M$
1980
261.2
80
2013
566.6
174
Financial parameters
300 MTPD ammonia plant
CCR
O&M
Electricity
Oxygen
Annual runtime
Process parameters
Electrolyser system eff.
Ammonia conv. eff.
Electricity consump.
NH3 synth. compr. work
Annual flows
Ammonia
Oxygen
Nitrogen
Electricity for H2

Electricity for N2
Electricity for compr.

174 M$ (2013)
15 %
4%
50 $/MWh
20 $/t (gas)
40 $/t (liq)
8000 h/a

67 % (LHV)
95 %
263 kWh/tO2
81 kWh/tN2
0.72 MW/tNH3/h

300 tpd
100000 tpa
423 tpd
140919 tpa
260 tpd
86573 tpa
10039 GJ/day
418 GJ/h
116 MW
929559 MWh
6999 MWh/a
72000 MWh/a

Ammonia plant 300 MTPD
Capex
O&M
Electricity for H2 prod.

26.0 M$/a
6.9 M$/a
46.5 M$/a

Electricity for N2 prod.
Electricity for compression
Byprod. O2
SUM
LCOA

0.3 M$/a
3.6 M$/a
-2.8 M$/a
80.6 M$/a
806 $/t

Discussion and conclusions
•
•
•
•
•

World ammonia production about 150 Mt/a. Roughly 80 % used to produce
fertilisers
In 1980 there were at least five commercial ammonia plants in operation
based upon water electrolysis
Energy use and capital cost roughly comparable for electrochemical and
steam reforming routes. Therefore unit cost of energy important indicator.
Electroammonia interesting when long-term renewable electricity prices
below 30 $/MWh
Ideally a carbon-free process
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