
RSC
Sustainability

EDITORIAL

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 0

6 
M

ar
ch

 2
02

3.
 D

ow
nl

oa
de

d 
on

 1
0/

27
/2

02
5 

10
:2

4:
30

 A
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n 

3.
0 

U
np

or
te

d 
L

ic
en

ce
.

View Article Online
View Journal  | View Issue
UN S
Fig. 1 Can we solve the problems o

EastChem, School of Chemistry, Univer

Andrews, St Andrews, KY16 9LU, Scotland,

jc@st-and.ac.uk

Cite this: RSC Sustainability, 2023, 1,
177

DOI: 10.1039/d3su90005c

rsc.li/rscsus

© 2023 The Author(s). Published by
ustainable Development Goal 2 – Zero hunger

David Cole-Hamilton
f ammonia and phosphate; wonder feeders or wild life destroyers?
Even with the world's population having
just passed 8 billion, we produce enough
food to feed everyone. We do see tragic
pictures of starving people in some
countries but in others there is over
consumption and massive food waste.
This is a problem of distribution, not
production. We are able to produce so
much food partly because of the use of
sity of St
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the Royal So
agricultural chemicals. Fertilisers, insec-
ticides and herbicides increase crop
yields by at least half. This means that
somewhere around 4 billion people1 are
able to live on earth only because of these
agricultural chemicals. Prime amongst
these are fertilisers, ammonia and phos-
phate. Phosphate comes from phosphate
rock, of which there is enough to keep us
going for several hundred years.
Ammonia is made by the most important
chemical reaction run in the world, the
Haber Bosch process, which reacts
ciety of Chemistry
nitrogen from the air with hydrogen over
a catalyst. 176 M tonnes of ammonia are
produced per year and an almost incred-
ible 80% of the nitrogen in our bodies (in
proteins, amino acids, DNA etc.) has been
manufactured through this process.

For allowing billions of people to be
fed on this planet, the Haber Bosch
process must be considered one of the
greatest achievements of mankind ever.
However, it comes at a price. 1.8% of all
the world's energy2 (equivalent to the
total used by 145 M people) is consumed
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http://crossmark.crossref.org/dialog/?doi=10.1039/d3su90005c&domain=pdf&date_stamp=2023-03-08
http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d3su90005c
https://pubs.rsc.org/en/journals/journal/SU
https://pubs.rsc.org/en/journals/journal/SU?issueid=SU001002


RSC Sustainability Editorial

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 0

6 
M

ar
ch

 2
02

3.
 D

ow
nl

oa
de

d 
on

 1
0/

27
/2

02
5 

10
:2

4:
30

 A
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n 

3.
0 

U
np

or
te

d 
L

ic
en

ce
.

View Article Online
in the process and it consumes 5% of all
the world's annual methane. This is
because almost all ammonia plants make
the hydrogen for the reduction of
nitrogen by steam reforming of methane
to give hydrogen and carbon monoxide,
which is then subjected to the water–gas
shi reaction to give more hydrogen and
carbon dioxide, which is vented to the
atmosphere accounting for 1.8% of all
CO2 emissions and contributing to global
warming. Here is a chemical problem
crying out to be solved in the pursuit of
sustainability.

One possibility would be to capture
the carbon dioxide using carbon capture
and storage (CCS) technology but a much
better one would be to replace methane
as the source of hydrogen by hugely
abundant water using electrolysis with
electricity generated from renewables
when demand is low and supply is high.
However, this again presents problems
because, although modern electrolysers
can operate at up to 80% current effi-
ciency, they use the scarce and expensive
elements, platinum and iridium, for the
electrodes. There are great chemical
opportunities in clever design and oper-
ation of electrodes containing earth
abundant elements for water electrolysis.
Several companies and consortia are
beginning to explore electrolysis for the
generation of hydrogen for new ammonia
plants but there is an urgent need to work
on retrotting the very large plants that
are currently in operation.

Another problem with the Haber
Bosch process concerns the thermody-
namics and kinetics of the reaction. The
negative entropy change during the
reaction means it should be run at as low
a temperature as possible to have high
conversion. However, there is a large
kinetic barrier to the reaction, because
the N–N triple bond must be broken, so
a catalyst needs to be used, but to achieve
commercially important rates, the reac-
tion must still be run at high temperature
with multiple passes because of the
decreased conversion per pass at the
higher temperature. Alwyn Mittasch, who
developed the catalyst, investigated
thousands of different combinations of
elements and oxides, coming up with the
current promoted iron based catalyst
178 | RSC Sustainability, 2023, 1, 177–178
composition. Modern catalysts have
seldom proven superior or are very
expensive but further research in this
area could prove fruitful. Another
possible approach might involve selective
heating of the catalyst with the gas phase
being kept cold. This may allow for high
rates at the catalyst bed leading to higher
conversion. Because of the very high
volumes of ammonia produced, even
a small increase in conversion per pass
could have a very signicant positive
effect on the current negative impact of
the process.

Production is not the only issue with
ammonia. Its application in agriculture
can cause even greater problems, which
are shared by the use of phosphorus.
Currently, whole elds are sprayed with
fertiliser containing N and P, also potas-
sium. This certainly fertilises the plants
but, inmany cases, massively over does it.
Much of the fertiliser is not taken up by
the plants so runs off the elds into
waterways and eventually the oceans.
Here it continues to do its job but this
time on algae causing proliferation to
algal blooms and eutrophication. The
spread of algae over the water surface
reduces light and oxygen supply to the
water and adversely inuences water life,
badly affecting sh survival.

Working with farmers and agricultur-
alists there are huge opportunities to nd
ways of delivering fertilisers to the plants
that need it in the amount that they need,
whilst not delivering them to healthy
plants. There are also big opportunities
for collection of run-off and recovering
the fertilisers from it as well as from
human waste.

So, although tackling zero hunger at
the moment is a political problem (of
food distribution), there are enormous
opportunities for chemistry to improve
what we are doing at the moment to
alleviate hunger by cleaning up the
processes we use and tackling the overuse
of fertilisers with its very negative
consequences.

Nitrogen and phosphorus along with
carbon are the elements that currently
exceed the planetary boundaries in terms
of biogeochemical ows.3 That is, their
use already causes problems to the world
that may be irreversible. It is extremely
© 2023 The Author(s
urgent that their use should be reduced
and that they should be targeted more
effectively. Chemists will have to take
a major part in making sure this
happens.

The advantages and disadvantages of
ammonia and phosphate are summar-
ised in Fig. 1.

RSC Sustainability would welcome
your papers tacking any of these
challenges.

SDGs: although this editorial largely
addresses SDG2 Zero hunger, it also
impacts onmany of the other ones. These
include SDG7 Affordable and clean energy
since any developments in hydrogen
electrolysers will contribute to clean
energy storage and the use of hydrogen as
a clean fuel, SDG 10 Reduced inequalities
by distributing the total world food
supply more equitably, SDG 12 Respon-
sible consumption and production by
making ammonia production and
consumption more sustainable, SDG13
Climate action by eliminating the massive
current release of CO2 associated with
ammonia production, SDG14 Life under
water by reducing fertiliser run-off and
eutrophication, SDG15 Life on land by
reducing the overuse of fertilisers on the
land and SDG 17 Partnerships for the goals
especially in tackling the over use of
fertilisers.
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