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Growing global concerns over climate change

are putting an increasing focus on sustainability.

This report is part of an occasional series on
sustainability in industry, which examines the
opportunities and challenges facing various
industrial sectors and the role that the
International Finance Corporation can play to
support their efforts and contribute to a
greener planet.
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Th wo'?ld depends on fertilizers to feed
elf. Until the widespread adoption

‘sécond half of the 20th century, hunger,
malnutrition, and food insecurity were
far more common, particularly

in developing countries.

Chemical fertilizers were an
agricultural game changer.

They helped to catalyze the green
revolution, which dramatically
increased global food production by
leveraging new technologies and
practices to increase yields and reduce
prices.' Between 1960 and 2000,
wheat yields for developing countries
increased by 208%, while yields for
rice doubled and those for maize rose
157%, according to the Proceedings of
the National Academy of Sciences.?

However, the increase in synthetic
fertilizer use has come at an
environmental price. Researchers
have calculated that synthetic
fertilizers are responsible for 5% of
global greenhouse gases—with a
third of emissions generated from
the manufacture of the fertilizers and

two-thirds from their breakdown

by microbes in the soil after being
applied on fields.3 Nutrient runoff from
synthetic fertilizers poses another
environmental risk, contributing to
excessive algae growth that depletes
oxygen and kills aquatic life in rivers
and oceans.

Greening and decarbonizing the
synthetic fertilizer industry is
imperative for combatting global
warming, even as an expanding world
population substantially increases the
demand for food and more efficient
food production. Shrinking the
industry’s environmental footprint in
the face of these trends will require
close collaboration among policy
makers, multilateral lenders such as
the International Finance Corporation
(IFC), manufacturers of synthetic



fertilizers, and the farmers and
communities that use the fertilizers.
The complex path to achieving net-
zero fertilizer production underscores

Sector Background

The use of fertilizer in agriculture
dates back to ancient times when
farmers spread manure on their

fields to improve soil fertility. The

first fertilizer produced by chemical
processes was superphosphate in the
early 19th century.4 But it was the
Haber-Bosch process, developed in
1909 by Fritz Haber, and scaled into an
industrial process a few years later by
another German chemist Carl Bosch —
both of whom won Nobel Prizes—that
revolutionized food production and
enabled a global population boom.>

the challenges facing high-emissions
industries as they transition to a more
sustainable and circular future.

The process made it economically
feasible to convert nitrogen in the
atmosphere—a form inaccessible to
plants— into ammonia, the primary
ingredient in modern fertilizers
including urea, urea ammonium
nitrate (UAN), and ammonium sulfate.
Applied to soil, nitrogen fertilizers help
accelerate plant growth. “Without the
Haber-Bosch process it is estimated
that 30-50% of the world's harvest
would be lost,” the Economist wrote
in 2022.° Besides nitrogen, plants
require two other macronutrients

The Haber-Bosch Ammonia Process
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for healthy growth: phosphorous

and potassium.” Both minerals are
mined from ore deposits in the
earth and can contribute to water
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contamination, air pollution, and
environmental degradation.® Today,
synthetic fertilizers are a necessity
for modern societies. According to
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researchers at Cambridge University,
roughly half of the global population
is fed with crops grown with synthetic
fertilizers.2 The industry is valued

at about $170 billion,™ with China
accounting for nearly 30% of global
production. The country is the biggest
manufacturer of ammonia, urea, and
processed phosphates, as well as

of synthetic fertilizer overall. Other
major producers in 2021 included
Russia, Canada, Morocco, and the
United States.” Synthetic fertilizer is

a major globally traded commodity.

In 2021, synthetic fertilizer exports

by all countries totaled $94.6 billion.”
The leading exporting countries were
Russia, China, Canada, Morocco, the
U.S., and Saudi Arabia. Brazil was the
biggest importer, followed by the U.S.,
India, Australia, and China. Sanctions
and supply chain disruptions caused
by the Russian invasion of Ukraine put
upward pressure on fertilizer prices,
which is among farmers’ biggest
expenses.s After jumping 80% in

2021, prices hit an all-time high in
spring 2022, up nearly 30% since the
beginning of that year. They have
declined significantly since.

Sustainability

As environmental concerns about
synthetic fertilizers have grown
in recent years, leading fertilizer

Some of the biggest commercial
players in the synthetic fertilizer
business include: CF Industries (U.S.),
Haifa Group (Israel), Indian Farmers
Fertiliser Cooperative Limited (India),
ICL Group Ltd. (formerly Israel
Chemicals Ltd.) (Israel), Nutrien Ltd
(Canada), Sociedad Quimica y Minera
(Chile), The Mosaic Co. (U.S.), Uralkali
(Russia), Yara International (Norway),
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and Saudi Arabian Fertilizer Co.
(Saudi Arabia).”

The synthetic fertilizer industry is
forecast to expand rapidly over the
next several decades, as the global
population swells from 7.9 billion
today to an estimated 8.5 billion by
2030 and 10.4 billion by 2100, and
demand for crops is predicted to
double from 2005 to 2050.®

The industry is also expected to get a
boost from growing consumption of
fruits, vegetables, seeds, and nuts to
support healthier eating, but this trend
will also increasingly contribute to
global pollution if left unchecked. The
dilemma the industry faces is: How can
it decarbonize without putting global
food security in jeopardy?

companies have been adopting more
sustainable manufacturing processes,

from modernizing their facilities and
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transitioning to green ammonia to
increasing investments in organically
produced fertilizers.

Since 2004, member companies of the
International Fertilizer Association
(IFA) have decreased the carbon
dioxide emissions rate per tonne of
ammonia by 14.5% based on voluntary
benchmarks.” New fertilizer plants
typically use one-third less energy
per tonne of ammonia produced
compared to older plants, and
manufacturers have taken further
steps to reduce energy use and
emissions. Innovations in advanced
catalytic processes, which facilitate
the chemical reactions needed to
make fertilizer, for example, have
allowed some producers to achieve
an aggregate reduction in nitrous
oxide (N20O) emissions in the
manufacturing process totaling over
85%. N20O is a greenhouse gas which
depletes the ozone layer and is 300
times stronger than CO2.®

Industry-developed roadmaps and
standards programs envision further
progress. The Ammonia Technology
Roadmap, issued in 2021 by the
International Energy Agency (IEA) with
the European Bank for Reconstruction
and Development (EBRD) and
International Fertilizer Association,
lays out several potential development
paths for the industry, including a
sustainable development scenario

and one that would allow the industry
to achieve zero emissions by 2050.%
Both would rely on a combination of
existing and emergent technologies.

Some companies are already adopting
new technologies. Norway's Yara
International is one of the many
companies looking into incorporating
the use of “green hydrogen"—
produced by splitting water through
electrolysis using renewable energy—
to produce “green ammonia” on a
commercial scale; the technology is
expected to reduce carbon emissions
by 80-90%.2°# Other companies
working on new technologies include
Denmark’s Topsoe, Japan's Tsubame
BHB, and U.S. startup ReMo Energy.>

Policy makers, meanwhile, are
introducing regulations aimed at
promoting further greening of the
production process for synthetic
fertilizers. The EU's Fertilising Products
Regulation, which took effect in 2022,
standardizes the use of organic and
recovered waste-based fertilizers
under a circular model.24

In 2019, the United Nations
Environment Programme (UNEP)
launched a global campaign to
promote sustainable nitrogen
management, with 30 member states
endorsing the Colombo Declaration on
Sustainable Nitrogen Management and
its ambitious goal of halving nitrogen
waste from all sources by 2030.%



Challenges & Opportunities

The synthetic fertilizer industry can
achieve limited emissions reductions
through such actions as adopting best
available technologies and improving
operations. But manufacturers will
need to deploy near-zero-emission
technologies on a commercial scale

to approach net-zero production.
Such technologies already exist.
Fossil-based production of ammonia,
for instance, could incorporate
electrolysis, methane pyrolysis,

and carbon capture and storage
(CCS). However, today these and
other evolving technologies are not
economically feasible given challenges

Energy and Emissions

In synthetic-fertilizer manufacturing,
one of the biggest challenges centers
around the greenhouse gas footprint
from producing ammonia for use

in nitrogen-based fertilizers. Global
ammonia production accounted

for nearly 2% of total final energy
consumption and 1.3% of CO2
emissions from the energy system

in 2020.2° Energy, typically from
natural gas or coal, is needed to fuel
two key phases of the production
process: to produce the hydrogen
that combines with nitrogen to
create ammonia and to generate
high heat and pressure needed in the
manufacturing process. Currently,
about 40% of the fossil fuel consumed

in scalability and high capital costs.

Ultimately, a combination of
approaches will need to be used to
improve the industry’s sustainability
and environmental performance.

A major redirection of capital
investment will also be necessary,
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along with funding and other support
from governments, investors, and
multilateral institutions such as

IFC, to help pay for a sustainable
energy transition, research and
development, and the deployment

of new technologies and supporting
infrastructure.

by the industry goes to feedstock.”

Using electrolysis to obtain the
hydrogen needed in the production
process could significantly reduce

the industry’s carbon emissions
compared to traditional methods

of producing hydrogen (natural gas
steam reforming or coal gasification),
especially if the electrolysis process is
fueled by renewable energy such as
solar, wind, or biogas. But challenges,
including the sometimes-intermittent
nature of renewable energy, will need
to be addressed.

Another solution is to capture CO2
emissions from the production
process and store them underground
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to prevent them from entering the
atmosphere. This strategy is expected
to become increasingly common

in natural gas-based production of

Beyond Haber-Bosch

Some experts believe the industry
won't be able to achieve sustainable
production unless it replaces the
Haber-Bosch process altogether.

A number of companies are exploring
new approaches for making ammonia,
such as manufacturing it directly using
air, water, and electricity.

Some scientists are working on a

Excess Nitrogen

Over the last century, the amount of
man-made nitrogen compounds in

fertilizer, but as with more widespread
use of renewables, will require major

investment in infrastructure.?®

way to turn nitrogen into ammonia
through the use of light while others
are trying to commercialize a
single-step ammonia production
process that uses electrolysis

at room temperature and doesn't
require natural gas. However, most
of these projects remain in the
experimental stage.®

the water, soil, and air has doubled,
due in large part to the use of
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synthetic fertilizers.:° Nitrogen runoff
can poison water bodies and create
dead zones, killing wildlife and plants.
Nitrous oxide, which is emitted during
the production process and from the
soil during the use phase, contributes
to smog and exacerbates climate
change by causing stratospheric
ozone depletion.® Some experts call
the excess nitrogen from fertilizer
use one of the most severe pollution
threats today.»

Industry groups are working with
farmers to help them use synthetic
fertilizers more effectively and

reduce runoff. The Fertilizer Institute
in the U.S. has developed the “4R
Nutrient Stewardship” to encourage
farmers to decrease synthetic fertilizer

Phosphorous and Potassium

Plants tend to absorb less of these
two macronutrients than of nitrogen,
but their production also involves
sustainability challenges. These
center around the environmental
impacts of mining, waste production
and disposal—phosphorous
production creates phosphogypsum
as a byproduct, which has limited

Biowaste and Circular Economy

A circular approach could ease the
strain on raw material reserves
while decreasing energy use and
greenhouse gas emissions in the
production cycle. A European Union-

use and improve efficiency through
the four Rs, or four “rights”: use of the
right fertilizer source, at the right
rate, at the right time, and in the
right place.»

Some major companies also produce
more environmentally friendly
fertilizers such as time-released
fertilizers, but these products account
for a sliver of the market and are not
widely used by farmers. Regulations
aimed at reducing the climate
impact of synthetic fertilizers could
incentivize companies to produce
more green fertilizers and to develop
technologies tailored to specific
crops and climates. Effective nitrogen
management could boost demand
for such products.z*

uses and must be stored as “waste
mountains”—and soil degradation.»
Proper fertilizer application and soil
management, along with recapture
efforts, could help address these
problems. Researchers are also
exploring alternative, organic sources
of nutrients to substitute for these

two elements.

funded project, NEWFERT, found that
it was possible to transform livestock
effluent into a new generation of
fertilizers,’® and the EU has set a 30%
target for biowaste replacement
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of inorganic materials in synthetic
fertilizer.” Under the circular model
promoted by the EU and European
Industrial Organization of Fertilizers,
residual biomass, such as from harvest
or livestock production, slaughter

or food processing, or even human
wastewater, could substitute for

some raw materials used in fertilizer generation sites.

Circular Economy in the Fertilizer Sector

production. Investment in new
technologies and infrastructure
would be needed to address access,
collection, processing, storage, and
introduction of biowaste-based raw
materials in safe and efficient ways—
for example, by constructing small-
scale fertilizer installations on waste
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IFC Role

IFC emphasizes investments in
businesses that seek to transition

to renewable energy and to explore
new technologies including carbon
capture, carbon storage, green
ammonia, and the production of
slow-release synthetic fertilizers that
can reduce the risk of nutrient runoff
and minimize the volume of fertilizer

BOXI:

needed. IFC is committed to a holistic
factory-to-field approach for reducing
greenhouse gas emissions and
pollution, and supports efforts that
encourage precision farming, which
involves employing cutting-edge
technologies that optimize fertilizer
application and results in less waste.
IFC aims to promote (i) increased

IFC’s Partnerships in the
Fertilizer Industry

IFC is working with fertilizer producers on an array of projects with the goal of

reducing the industry’s carbon footprint. It is engaged in pilot projects aimed at

producing green hydrogen on a commercial scale for use as the primary input for

manufacturing green ammonia. In Nigeria, IFC has supported an expansion of the

fertilizer industry through financing for Indorama Eleme Fertilizer & Chemicals

Ltd, helping to alleviate gas flaring, providing value generation, increasing supply,

and reducing emissions. In Brazil, IFC has financed blending operations to improve

farmer access to fertilizers. And in Latin America and the Caribbean, Africa, and

Asia, it has provided enhanced credit lines to fertilizer-trading companies such as

Nitron Group, so that they can better supply smaller farmers, lower inventories,

and optimize working capital needs.

IFC also provided a €100 million Green Loan in 2023 to OCP Group, the world's

largest phosphate-based fertilizer producer, to build four solar plants that will

provide cost-effective energy for the production of low-carbon fertilizers.

The plants, in the mining towns of Benguerir and Khouribga, home to Morocco's

largest phosphate reserves, will have a capacity of 202-megawatt peak.
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13



14

INTERNATIONAL FINANCE CORPORATION

access to fertilizers, (ii) improved
application and efficiency of use,
and (iii) a sustainable approach.

Among other things, IFC works with
private sector companies to provide
early-stage engagement, advisory
services, and financing to accomplish

Conclusion

The widespread use of synthetic
fertilizers beginning in the second half
of the 20th century helped to make
food more plentiful, affordable, and
nutritious. But the impact of these
chemicals on the environment has
been significant and there is an urgent
need to help decarbonize the industry
if the world is going to avert a climate
crisis and safeguard the environment
for future generations.

Ultimately, a combination of
approaches and a great deal of
investment will need to be used to
improve the industry’'s environmental

these goals. IFC also provides Green
Loans and other financial instruments
to finance projects that contribute

to environmental objectives such as
climate change mitigation or climate
change adaptation.

performance. Manufacturers will need
to deploy new technologies, some

of which are already in the works.
Production lines will need to use less-
polluting fuels. And farmers will need
to adopt on a broad scale agricultural
practices that use fertilizers more
efficiently to grow high-yielding
crops. IFC is committed to work

with the industry by providing the
financing and technical advice it needs
to achieve these goals and become
greener, more efficient, and more
prosperous in its transition to a more

sustainable future.



References

Baffes, John, and Wee Chian Koh. 2022. “Fertilizer Prices Expected to Remain Higher for Longer.” World Bank blog,
May 11, 2022. https://blogs.worldbank.org/opendata/fertilizer-prices-expected-remain-higher-longer.

Basu, Shree n.d. “Top 9 Fertilizer Companies in the World.” IMARC Services Private Ltd. blog. https://www.
imarcgroup.com/fertilizer-companies.

Blain, Loz. 2021. “Green Ammonia Electrolysis Breakthrough Could Finally Kill Haber-Bosch.” New Atlas energy
article, November 29, 2021. https://newatlas.com/energy/green-ammonia-phosphonium-production.

Britannica. 2023a. "Green Revolution." In Encyclopedia Britannica, edited by the Editors of Encyclopaedia Britannica.

https://www.britannica.com/event/green-revolution.

. n.d. 2023b. "Haber-Bosch Process." https://www.britannica.com/technology/Haber-Bosch-process.

Business Research Company. 2023. “Chemical Fertilizers Global Market Report 2023.” https://www.
thebusinessresearchcompany.com/report/chemical-fertilizers-global-market-report.

Chojnacka, Katarzyna, Konstantinos Moustakas, and Anna Witek-Krowiak. 2020. “Bio-Based Fertilizers: A Practical
Approach Towards Circular Economy.” Bioresource Technology 295 (January 2020): 122223. https://www.
sciencedirect.com/science/article/pii/S0960852419314531.

CORDIS (Community Research and Development Information Service). 2020. “Nutrient Recovery from Biowaste for
Mineral Fertiliser Production.” European Commission CORDIS Horizon 2020: Results in Brief. https://cordis.
europa.eu/article/id/240120-nutrient-recovery-from-biowaste-for-mineral-fertiliser-production.

Economist. 2022. “Deadly, Dirty, Indispensable: The Nitrogen Industry Has Changed the World.” The Economist,
December 20, 2022. https://www.economist.com/christmas-specials/2022/12/20/deadly-dirty-indispensable-the-
nitrogen-industry-has-changed-the-world.

European Commission. 2022. “New EU Rules Prepare the Ground for More Use of Organic and Waste-Based
Fertilisers.” Directorate-General for Internal Market, Industry, Entrepreneurship and SMEs news article, July
15, 2022. https://single-market-economy.ec.europa.eu/news/new-eu-rules-prepare-ground-more-use-organic-and-
waste-based-fertilisers-2022-07-15_en.

Fertilizer Institute. 2022. “4R Nutrient Stewardship.” www.tfi.org/content/4r-nutrient-stewardship.

Fertilizers Europe. 2023. “Fertilizing Products Regulation.” www.fertilizerseurope.com/agriculture-environment/
fertilizing-products-regulation.

IEA (International Energy Agency). 2021. “Ammonia Technology Roadmap: Towards More Sustainable Nitrogen
Fertiliser Production.” www.fertilizer.org/wp-content/uploads/2023/03/2021_IEA_Ammonia-Technology-
Roadmap.pdf.

IFA (International Fertilizer Association). n.d. “Sustainable Fertilizer Production.” www.fertilizer.org/key-priorities/
fertilizer-production/.

Kanter, David. 2019. “A New Way to Curb Nitrogen Pollution: Regulate Fertilizer Producers, Not Just Farmers.”
theconversation.com, January 17, 2019. https://theconversation.com/a-new-way-to-curb-nitrogen-pollution-
regulate-fertilizer-producers-not-just-farmers-106291.

Kaza, Silpa, Lisa Yao, Perinaz Bhada-Tata, and Frank Van Woerden. 2018. What a Waste 2.0: A Global Snapshot
of Solid Waste Management to 2050. Washington, DC: World Bank Group. https://datatopics.worldbank.org/
what-a-waste/trends_in_solid_waste_management.html#:~:text=The %20world %20generates %202.01%20
billion,from%200.11%20t0%204.54%20kilograms.

Martin, Shanna. 2013. “The Haber-Bosch Process: Nitrogen Fixing the World.” youtube video. https://www.youtube.
com/watch?v=hK4vXKaB]Jko.

Mitsui & Co. 2022. “Reducing the Environmental Impact of Chemical Fertilizers Is Increasingly Important for
Sustainable Agriculture—It Is Also Spurring on the Creation of New Business.” Mitsui & Co. Global Strategic
Studies Institute monthly report, October 2022. https://www.mitsui.com/mgssi/en/report/detail/__icsFiles/
afieldfile/2022/12/12/2210m_nozaki_e.pdf.

Northwestern University. 2015. “Catalyst Uses Light to Convert Nitrogen to Ammonia: Potential for Environmentally
Friendly Fertilizer.” ScienceDaily, February 4, 2015. www.sciencedaily.com/releases/2015/02/150204112010.htm.

OCP. n.d. “Our Green Investment Program.” OCP Group website: Strategy. https://www.ocpgroup.ma/Strategy/
Commitments/Green-Investment-Progra.

OEC (Observatory of Economic Complexity). n.d. “Fertilizers.” https://oec.world/en/profile/hs/fertilizers.

Perin, G., I. S. Yunus, M. Valton, E. Alobwede, and P. R. Jones. 2019. “Sunlight-Driven Recycling to Increase Nutrient
Use-Efficiency in Agriculture.” Algal Research 41: 1-13.

Pingali, Prabhu L. 2012. “Green Revolution: Impacts, Limits, and the Path Ahead.” PNAS (Proceedings of the
National Academy of Science) 109:31. https://www.pnas.org/doi/10.1073/pnas.0912953109#:~:text=The %20
rapid%20increase %20in%20agricultural, %25 %20for %20cassava%20(18).

Aasnpul Jazijiua4 aya ul Aljigouipasns buiuayibuaiis

15



16

INTERNATIONAL FINANCE CORPORATION

Pistilli, Melissa. 2021. “Fertilizers: The Difference Between Potash and Phosphate.” Investing News Network,
Agriculture, Potash Investing, July 7, 2022. https://investingnews.com/daily/resource-investing/agriculture-
investing/phosphate-investing/potash-vs-phosphate-whats-the-difference/.

Rosenbusch, Corey. 2023. “Written Remarks of Corey Rosenbusch, President and CEO of The Fertilizer Institute.”
House Committee on Agriculture hearing on “Uncertainty, Inflation, Regulations: Challenges for American
Agriculture,” Washington, DC, February 28, 2023. https://agriculture.house.gov/uploadedfiles/rosenbusch_
testimony_package.pdf.

Russel, Darrell A., and Gerald G. Williams. 1977. “History of Chemical Fertilizer Development.” Soil Science
Society of America Journal 41 (2): 260-5. https://acsess.onlinelibrary.wiley.com/doi/abs/10.2136/
$s8aj1977.03615995004100020020x.

Starfire Energy. n.d. “Scalable Ammonia Technology That Doesn’t Rely on Fossil Fuels: Developing Modular
Systems to Produce Carbon-Free Ammonia.” Starfire Energy.com mission statement. https:/starfireenergy.com/
products/#rapid-ramp.

UCAR Center for Science Education. n.d. “Some Greenhouse Gases Are Stronger Than Others.” https://scied.ucar.edu/
learning-zone/how-climate-works/some-greenhouse-gases-are-stronger-others#:~:text=Nitrous %200xide %20
(NEO)%20causes%20265,28 %20times %20as % 20much %20warming.

UNEP (United Nations Environment Programme). 2019. “Colombo Declaration Calls for Tackling Global Nitrogen
Challenge.” UNEP press release, October 24, 2019. www.unep.org/news-and-stories/press-release/colombo-
declaration-calls-tackling-global-nitrogen-challenge.

. n.d. 2020. “Fertilizers: Challenges and Solutions.” UNEP nature action story, November 9, 2020. https://www.
unep.org/news-and-stories/story/fertilizers-challenges-and-solutions.

UNEP (United Nations Environment Programme) and International Fertilizer Industry Association. 2001.
“Environmental Aspects of Phosphate and Potash Mining.” UNEP and International Fertilizer Industry Association,
Paris, France. https:/stg-wedocs.unep.org/bitstream/handle/20.500.11822/8071/-Environmental %20Aspects %20
0f%20Phosphate %20and %20Potash%20Mining-20011385.pdf?sequence=2.

United Nations. 2022. “World Population Prospects 2022: Summary of Results.” United Nations Department of
Economic and Social Affairs, Population Division, New York. https://www.un.org/development/desa/pd/sites/www.
un.org.development.desa.pd/files/wpp2022_summary_of_results.pdf.

University of Cambridge. 2023a. “Cambridge Research Shows Potential for 80% Reduction in Carbon Emissions
from Fertilizers by 2050.” SciTech Daily, February 19, 2023. https:/scitechdaily.com/cambridge-research-shows-
potential-for-80-reduction-in-carbon-emissions-from-fertilizers-by-2050/.

. n.d. 2023b. “Carbon Emissions from Fertilisers Could be Reduced by as Much as 80% by 2050.” University
of Cambridge Research news, February 9, 2023. https://www.cam.ac.uk/research/news/carbon-emissions-from-
fertilisers-could-be-reduced-by-as-much-as-80-by-2050#:~:text=Researchers %20have %20calculated %20the %20
carbon,of%20current%20levels%20by%202050.

Yara. 2023. “Enabling the Hydrogen Economy.” Yara.com. https://www.yara.com/yara-clean-ammonia/.

Zearley, Alyssa M. 2015. “Proper Management of Phosphorus for Future Food Security.” In Environmental
ScienceBites, edited by Kylienne A. Clark, Travis R. Shaul, and Brian H. Lower. Columbus, OH: Ohio State

University. https://ohiostate.pressbooks.pub/sciencebites/chapter/proper-management-of-phosphorus-for-future-
food-security/.

Endnotes

1. Britannica 2023a.

2. Pingali 2012.

3. University of Cambridge 2023b.

4. Russel and Williams 1977.

5. Britannica 2023b.

6. Economist. 2022.

7. For details on these two macronutrients, see Pistilli, Melissa. 2021. “Fertilizers: The Difference Between Potash and

Phosphate.” Investing News Network, Agriculture, Potash Investing, July 7, 2022. https://investingnews.com/daily/
resource-investing/agriculture-investing/phosphate-investing/potash-vs-phosphate-whats-the-difference/.



8. UNEP and International Fertilizer Industry Association 2001.

9. University of Cambridge 2023.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Business Research Company 2023.

Rosenbusch 2023.

OEC n.d.

Baffes and Koh 2022.

Shree n.d.

United Nations 2022.

Chojnacka, Moustakas, and Witek-Krowiak 2020.

IFA n.d.

UCAR Center for Science Education n.d.

1IEA 2021.

Mitsui & Co. 2022.

Yara 2023.

Mitsui & Co. 2022.

European Commission 2022.

Fertilizers Europe 2023.

UNEP 2019.

1IEA 2021.

In this process, called steam methane reforming, methane reacts with steam under pressure and in the presence of a catalyst to produce hydrogen,
carbon monoxide, and a relatively small amount of carbon dioxide. See https://www.energy.gov/eere/fuelcells/hydrogen-production-natural-gas-re-
forming#:~:text=In%20steam %2Dmethane %20reforming %2C%20methane,for %20the %20reaction %20to%20proceed. Coal can also be gasified
by exposure to extreme temperatures to produce hydrogen, along with carbon monoxide and COz2. See https://www.mwcog.org/file.aspx? & A=61-
JMMDOHmMOUL2TT9fb7pcrAAeYSPdpMxMeZbS9e]zyo % 3D#:~:text=Gasification %20turns %20coal %20into %20a,usually %20steam %2 C %20
air%200r%20oxygen.

IEA 2021.

Blain 2021.

UNEP 2020.

Martin 2013.

UNEP 2020.

Fertilizer Institute 2022.

Kanter 2019.

Zearley 2015.

CORDIS 2020.

Chojnacka, Moustakas, and Witek-Krowiak 2020.

Aasnpul Jazijiua4 aya ul Aljigouipasns buiuayibuaiis

17



www.ifc.org/manufacturing

www.linkedin.com/showcase/ifc-manufacturing

International
Finance Corporation
WORLD BANKGROUP

September 2023 @) IFC

Creating Markets, Creating Opportunities



