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SUMMARY

Fertilizers are essential for agricultural production and vital to global food security. Nevertheless, the produc-
tion and use of fertilizers, primarily the nitrogen type, contribute substantially to global greenhouse gas
emissions. Meanwhile, fertilizer markets are closely intertwined with a changing geopolitical landscape
and disruptions induced by the war in Ukraine. Despite a growing number of studies that have explored these
various dimensions of fertilizers, the intricate interdependencies across these different variables along global
fertilizer supply chains remain insufficiently examined. Adopting a nexus perspective, this review unravels a
reshaping of the global fertilizer landscape led by intertwined driving forces, namely the mounting quest for a
more secure supply of fertilizers, efforts to decarbonize production with local renewable energy feedstocks,
and the pursuit of industrial upgrading and geopolitical goals. The intertwined nature of these trends, this
review argues, warrants a distinct agenda of nexus-based research to dissolve socio-political and environ-

mental conundrums for more sustainable global fertilizer supply chains.

INTRODUCTION

The role of inorganic fertilizers in the world’s agricultural system
has grown dramatically over the past 60 years. Fertilizer con-
sumption has increased more than 6-fold, from 31 megatons in
1961 to 195 megatons in 2021." Of this, 60% is nitrogen-based
(N) fertilizer, while phosphorus-based (P) fertilizers and potas-
sium-based (K) fertilizers, the other two major fertilizer types, ac-
count for approximately one-fifth of fertilizer use each. Historical-
ly, growing fertilizer use is closely related to the intensification of
agricultural production around the world. Inorganic fertilizers
offer a way to provide additional plant nutrients to the soil to
boost crop yields, as nutrient levels decrease over time. Accord-
ing to studies in the United States, 40% to 60% of agricultural
yields can be attributed to the use of inorganic fertilizers.” Hence,
many scholars consider inorganic fertilizer use an important
element in guaranteeing food security and meeting the United
Nations (UN) Sustainable Development Goal 2 “Zero Hunger,”
a persisting challenge against the backdrop of uncurtailed global
population growth.*>™®

Currently, global fertilizer use is highly uneven across coun-
tries and regions. The application of inorganic fertilizer ranges
from under 5 kg per hectare of arable land in a number of low-in-
come African countries to over 1,000 kg in countries like Ireland
and New Zealand and even exceeding 2,000 kg in Malaysia.”

Research on the barriers to fertilizer access in low-income coun-
tries, especially on the African continent, has identified factors
including affordability, lack of rural infrastructure and informa-
tion, as well as an adverse policy environment as important
causes of low fertilizer use.®° Different levels of fertilizer con-
sumption also translate into important variation in the marginal
utility of fertilizer use, both across countries and over time."*""
While increased fertilizer use has been linked to improved agri-
cultural performance in some countries, the expansion of fertil-
izer consumption has generated few gains in others.'®

Excess and inappropriate fertilizer use in many countries also
means that significant amounts of fertilizer are not translated into
harvested crops but remain partially locked in agricultural soils
(in particular phosphorus) or are lost to the environment, with
major socio-environmental implications. The flows of anthropo-
genic nitrogen and phosphorus in the environment are consid-
ered as one of nine planetary boundaries defining a “safe oper-
ating space for humanity.”'? The latest assessment based on
this framework suggests that the boundaries for both elements
have been transgressed and are considered to be in the “high-
risk zone.”"® Fertilizer use is the central driver of this develop-
ment, causing nitrogen and phosphorus pollution and the asso-
ciated degradation of terrestrial and aquatic ecosystems. In the
absence of appropriate fertilizer management practices, a large
share of the applied fertilizers is not absorbed by the crops and
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pollutes water systems.'*'> A key result is the increase in phos-
phorus and reactive nitrogen inputs into fresh water systems.'®
These excess nutrients bring about environmental impacts
such as water eutrophication as well as excessive algal bloom
in freshwater bodies.'”

The large-scale use of fertilizers is also a major contributor
to global greenhouse gas (GHG) emissions, resulting from
manufacturing (most notably ammonia-based N, as well as P fer-
tilizers) and transport of fertilizers as well as from their application
in agriculture. Data have been compiled most systematically for
nitrogen-based fertilizers, estimated to have accounted for
1.13 Gt of COze annually. This represents more than 2% of
global GHG emissions and approximately 8.3% of farm-gate
emissions in the agricultural sector.’® Of this, approximately
39% was attributed to the manufacturing of N fertilizers, primarily
during the process of ammonia synthesis.'® Transport of N fertil-
izers adds a further 30 Mt of CO,e or 2.6% of the total. The
largest share of emissions occurs due to fertilizer use, which ac-
counts for annual emissions of approximately 662 Mt of COe or
58% of the total.'* Excess fertilizer that is not absorbed by the
plants is partly converted into N,O by soil micro-organisms as
a by-product of their metabolism, while another part may end
up leaching or volatilizing from the site of application, resulting
in additional downstream emissions.'®

These various aspects of fertilizer production and use—its role
in global food production as well as its impacts on climate
change and the environment—are well-documented in the
scholarly literature.’”'” Nevertheless, the existing academic
conversations are restricted in two important ways. First, there
has been only a relatively limited discussion on the trade-offs
and interrelationships between the different dimensions of fertil-
izer production and use outlined above. This issue is becoming
increasingly pressing as the mounting threat of climate change
is giving growing salience to the interaction between these
different dimensions. Reducing GHG emissions will require
important changes in how fertilizers are produced and used,
raising questions regarding the ripple effects on other variables.
Second, the literature has been largely silent on how a changing
international political economy is affecting the fertilizer industry.
While contributions have addressed the impact of rising fertilizer
prices on global food security,®'"?%?" |ittle has been said about
how geopolitical trends are affecting fertilizer markets and vice
versa. Increasing geoeconomic rivalry is also raising the salience
of these questions: price spikes in the wake of Russia’s invasion
of Ukraine are a case in point.

This review takes a step toward closing these gaps by propos-
ing a perspective on fertilizers informed by nexus thinking in in-
ternational political economy.”” We present a conceptual model
that places fertilizers at the center of this nexus, highlighting how
it relates to the dimensions of food, climate change, energy and
mineral resources, environment, and security. On this basis, we
review how key political and economic trends are affecting the
future development of the fertilizer sector. We identify three
drivers altering the global political economy of fertilizers: a
rapidly changing supply structure, increasingly influenced by
China; geopolitical competition amplified by the war in Ukraine
and growing food insecurity in the Global South; and the decar-
bonization imperative. While previous contributions have dis-
cussed these dimensions separately, this review analyses the
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important interdependencies across these different variables. It
discusses how interactions between the quest for security of fer-
tilizer supplies, the potential to localize renewable energy feed-
stocks, and the pursuit of industrial upgrading and geopolitical
goals are reshaping supply chain governance in the fertilizer
sector. The intertwined nature of these drivers, the paper argues,
warrants a distinct research agenda focused on fertilizer supply
chains along three major lines of inquiry: an interdisciplinary
perspective on fertilizer supply chains grounded in nexus
thinking; a supply chain perspective that addresses the impor-
tant roles of both the state and spatial factors in shaping the
landscape of fertilizer production; and a grand strategy perspec-
tive on fertilizers, which explores the broader geopolitical impli-
cations of the sector. Finally, we provide an outlook regarding
the broader relevance of the proposed research agenda, beyond
the fertilizer sector itself.

Fertilizers at the center of a nexus perspective

A nexus typically denotes a place where independent but in-
tertwined elements of a system meet. A well-known example
is the water-energy-food nexus, which became subject to
academic and policy debates in the 2010s as part of the Sus-
tainable Development Goals. Although representing distinct
systems on their own, water, energy, and food are inextricably
linked thanks to multiple interactions between them.?® For
example, agriculture requires water, as does the energy
sector, which makes water a crucial element for both food
and energy security. Water scarcity may, therefore, pit energy
and food against each other. Industry-scale food production,
in turn, requires energy and water input, but may lead to
land degradation and groundwater depletion.”* Energy pro-
duction from large-scale deployment of renewable technolo-
gies such as solar or wind farms is land-intensive and may
impact the availability of arable land for agriculture.?® Biofuels
as an alternative, non-fossil energy source have been found to
impact food security, both because of a change in land use®®
and because of rising crop prices as well as increasing market
speculation.?’

Adding another element to the debate, the World Economic
Forum introduced the water-food-energy-climate nexus—albeit
with a strong focus on water—to stress the planetary boundaries
aspect pertaining to the incumbent growth model.?® Climate
change, an outcome of unabated fossil-fuel consumption, not
only impacts irrigation and water availability but, by extension,
also food security.

Clearly, changes or developments in one nexus element
typically have ripple effects on the others. This makes the dy-
namic interactions of a nexus akin to a wicked problem,?® whose
dynamics are hard to predict, and where the adopted (policy)
measure may change the nature of the problem, inhibiting an
objectively optimal outcome. Analytically, nexus thinking helps
in understanding the nature of the problem and the dynamics
characterizing its embeddedness in bigger, intertwined con-
texts. It takes a systems approach to analyzing a given sector
that also provides room for investigating the economic, political,
or social dynamics of this interaction. In policy terms, a nexus
approach may help address trade-offs that exist between
different policy goals, identifying synergies and enhancing the
system’s overall resilience.*°
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Figure 1. Fertilizers at the nexus of energy and resources, climate,
environment, and food security

This figure highlights the central role of fertilizers in the nexus by displaying
their interactions with climate change, food security, environmental security,
and energy and resources. Fertilizers have an impact on the former three, while
energy and resources impact fertilizers; climate change in turn exerts influence
on environmental security as well as food security.

The specific nexus we propose here is one defined by food,
energy and resources, climate, environment, and security, with
fertilizers at its center (see Figure 1). The main elements have
already been outlined above: on the one hand, fertilizers rely
on energy and mineral resources for their production. On the
other, they function as a major input to food production, due to
their role in boosting agricultural output. Hence, fertilizer import
dependence may imply a risk to food security, particularly as
both producer and consumer countries have started to view fer-
tilizers as a strategic commodity and are investing in measures to
ensure the security of fertilizer supply. At the same time, fertilizer
use has major impacts on environmental quality and the climate.
Both represent important dimensions of environmental security,
a concept used to define security threats from the individual to
the transnational level that result from human-induced environ-
mental pollution and change.®"

By placing fertilizer at the center of the proposed nexus, we high-
light its role in driving impacts along the entire supply chain, from
fertilizer production to its use in food production. We highlight
how decarbonizing and strengthening circularity in fertilizer supply
chains may impact other dimensions withinthe system. Thatis, the
reduction of GHG emissions from fertilizer production and use pre-
sent potential synergies and trade-offs, both upstream and down-
stream. Upstream, for example, it offers an opportunity to substi-
tute imported fossil-based fertilizers with domestic production of
so-called “green ammonia” for the production of inorganic “green
fertilizers,” utilizing local renewable resources. In contrast to this,
potash and phosphate rock—the main feedstocks used for the
production K and P fertilizers—cannot be replaced in this manner.
It is only through strengthening efficiency and circularity via
nutrient use efficiency practices and nutrient recycling (i.e., by re-
covery from organic waste products) that the demand for these in-
puts can be reduced.*

While these different approaches all offer important synergies
among climate, environment, and supply security, in the short to
medium term they may also come with higher costs. A case in
point is green ammonia where, for the time being, comparably
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high prices may increase the cost of green fertilizers as an input
to food production. Similarly, phosphorus that is recycled from
organic wastes may be more costly to obtain than from phos-
phate rock. Furthermore, the optimization of fertilizer use may
not only offer important environmental co-benefits, but also re-
quires approaches to secure crop yields and soil fertility. Finally,
each of these elements is embedded in a changing geoeco-
nomic landscape with implications for the nexus system as a
whole. As detailed further below, each of the elements constitute
moving parts within an evolving nexus system.

The changing fertilizer landscape

Changing market realities and the rise of China
Traditionally, fertilizer production has been strongly influenced by
geography. Fertilizer manufacturing has largely been located close
to the principal raw materials needed for its production. As aresult,
the landscapes of production for the three major inorganic fertilizer
types differ significantly. Phosphate rock reserves are the most
concentrated with more than two-thirds located in Morocco,*®
making the country a major producer and the leading exporter in
this market. Canada, Belarus, and Russia are the largest pro-
ducers of potash fertilizers, due to major potassium reserves in
these countries.®® Finally, nitrogen fertilizer, the largest in terms
of total volume of production, requires ammonia as its primary
input, which is mainly derived from natural gas. While the nitrogen
fertilizer landscape is significantly less concentrated, Russia as a
large natural gas producer has traditionally been the largest
exporter,35 and many of the smaller, regional producers of N fertil-
izers also hold their own natural gas reserves.

However, this traditional landscape has changed significantly
over the past decade as China has emerged as the largest global
fertilizer producer. It leads global production of both nitrogen and
phosphate fertilizers. While China is among the top 10 countries
in terms of phosphate reserves, it does not have any significant
domestic gas reserves and was traditionally not a major exporter
of nitrogen fertilizers. In an effort to ensure self-sufficiency, the
country has ramped-up ammonia production, relying mainly on
coal as a feedstock. Despite higher production costs and higher
CO, emission intensity than the natural gas-based production
pathway, 85% of China’s ammonia production today relies on
coal gasification technologies.®® As a result, over the past 20
years, China has transitioned from being one of the largest im-
porters to a top exporter of fertilizers (see Figure 2).
Geopolitics, the war in Ukraine, and food insecurity
Intensifying geopolitical competition is further adding to these
changing market realities, with important knock-on effects for
global food production. P fertilizers have long raised concerns
about the availability of phosphate rock, a highly concentrated
and finite mineral compound.®® While Morocco controls the
vast majority of phosphate rock, China controls 40% of mining,
followed by five major countries accounting for an additional
40%.%° This uneven supply structure is exacerbated by the
fact that Morocco’s major fertilizer company, OCP, conducts
parts of its phosphate mining and subsequent fertilizer produc-
tion in the occupied Western Sahara. Moreover, lithium-ion bat-
teries—a key to a successful transition to electric vehicles—have
emerged as another important demand source for phosphate
rock, placing additional pressure on the resource. Following
new Chinese export taxes introduced in 2008 and, related to
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Figure 2. Changing shares of global fertilizer trade, top five exporters and importers in 2000 and 2022
This figure displays the share of global fertilizer exports and imports by trade value for the top five exporters and importers in both 2000 and 2022, based on HS
code 31, indicating important shifts in the relative position of different countries in global fertilizer trade. Data from OEC World,®” http://oec.world.

this, major price spikes in 2008 and 2011/2012, the EU added
phosphate to its list of critical minerals and launched the Euro-
pean Sustainable Phosphorus Platform in 2013/2014.%%4"
Geopolitical conflict with Russia and its ally Belarus has also
amplified concerns around N and K fertilizers. Following the all-
out invasion of Ukraine in 2022, interruptions of export routes
via the Black Sea resulted in sharp increases in fertilizer prices.
While prices have subsequently gone down, they have re-
mained unpredictable.”’*? In addition, the United States and
the EU have imposed sanctions on individual Russian oligarchs
in the fertilizer industry following the invasion of Ukraine in 2022
as well as on fertilizer trade with Belarus following a wave of
scaled-up repression in 2020."* Both China and Russia have
enacted temporary export restrictions on fertilizer exports at
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different stages in 2021 and 2022.°"*** These interventions
have led to major adjustments in trade flows in global fertilizer
markets. China’s share of global exports dropped from over
13% in 2021 to under 9% in 2022, while India has emerged
as the largest single buyer of Russian fertilizers, more than
doubling its share of imports from Russia since the onset of
the war. To ensure alternate trade routes, Russia is now plan-
ning to build new export infrastructure to replace ammonia
transit to Ukrainian export ports via the Togliatti-Odesa
ammonia pipeline.*® Despite these recent developments, one-
sided dependence on N and K fertilizer imports from Russia
and Belarus remains pronounced in a host of countries around
the world, providing potential geopolitical leverage to the two
countries (see Figure 3).
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These changes are creating pressures for key players to
ensure the security of fertilizer supply within a sector that—
with the notable exception of China—had been largely working
on the basis of free market principles. While more fundamental
changes in the geography of fertilizer production will take time
to emerge, there are also first signs that countries are developing
dedicated strategies to secure domestic fertilizer supplies.
Following the invasion of Ukraine, the European Commission is-
sued a dedicated communication in September 2022 on
“ensuring availability and affordability of fertilisers.”*® Among
other things, it has granted member states exemptions under
its State Aid rules, enabling a number of countries to hand out
subsidies to national fertilizer companies in order to maintain
production despite rising feedstock (i.e., natural gas) prices.*’
Similarly, the United States has launched a 250 million USD in-
vestment program to boost domestic fertilizer production.®
Brazil, a major producer and exporter of agricultural goods
with a significant dependency on fertilizer imports, has re-
sponded with the launch of a national fertilizer strategy to boost
domestic production and what the government has called “fertil-
izer diplomacy.”*°

Rising fertilizer prices resulting from the war in Ukraine have
also significantly exacerbated food security challenges in low-in-
come countries in the Global South. While most attention has
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Figure 3. Share of fertilizer imports from
Russia and Belarus (2018-2020)

(A and B) The shading of countries in this figure
indicates the share of nitrogen-based fertilizer
(A) and potassium-based fertilizer (B) imported
from Russia and Belarus in the respective country
during the time period 2018 to 2020. A higher
share of imports translates into a higher degree of
dependency on these two countries in the fertilizer
sector. Based on Glauber and Laborde.?’

gone to alleviating rising prices for food
commodities, fertilizers play an important
part in ensuring a reliable and affordable
food supply. According to estimates, a
doubling of fertilizer prices translates
into a 44% increase of food prices.*® In
particular, countries in Latin America
and Africa suffer from high degrees of fer-
tilizer import dependence, exposing
them to external supply shocks. In many
low-income countries, import depen-
dence is coupled with low levels of fertil-
izer use per hectare of cultivated land.
Africa is emblematic of this. While the
continent accounts for 17% of global
cropland area,”" African farmers only ac-
count for approximately 4% of fertilizer
use.>? Crop yields are also correspond-
ingly low, a key driver of food insecurity
on the African continent. Africa is the
lowest consumer of synthetic fertilizers
yet exports significant amounts. Eighty-
five percent of fertilizer exports from ma-
jor African fertilizer producers, such as
Morocco, Nigeria, and Egypt, go to other world regions, most
importantly South America and Europe (see Figure 4).

This points to structural imbalances and infrastructure bottle-
necks that prevent fertilizer production across the continent from
reaching farmers, hindering increased food production. Worse
even, fertilizer use in Africa has declined in recent years.*”
Among other factors, this is related to increasing interest rates
that have driven up financing costs for farmers.”' Another factor
is the way investments in large-scale fertilizer production are
underwritten. Financing new production capacity requires
long-term offtake agreements for significant volumes of future
fertilizer production. As a result, a large share of fertilizer output
is reserved for exports at fixed prices, while small, domestic off-
takers are exposed to volatile global markets.

In the volatile market environment following the invasion of
Ukraine, major powers have started utilizing fertilizer supplies
as foreign policy tools to pursue “soft-power” goals. As an
example, despite (or as a way of shifting attention from) its role
in the disruption of food and fertilizer supplies, Russia is demon-
stratively increasing its engagement with countries in the Global
South on food security issues. In 2022, it donated 260,000 tons
of fertilizers to Africa via the UN’s World Food Programme.>* The
EU has considered but ultimately decided against measures to
bolster fertilizer production in countries of the Global South.>®
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Figure 4. Export flows of five largest African fertilizer producers by
region of destination, trade value in million USD, 2021

This figure depicts export flows for all synthetic fertilizers grouped under code
562 in the UN Standard International Trade Classification, revealing the sig-
nificant share of fertilizer exports from Africa to other world regions. Data from
UN Comtrade.”®

Instead, it has joined the US-led Global Fertilizer Challenge to
alleviate fertilizer supply shortages through measures in support
of more efficient and sustainable fertilizer management.°®

The imperative of decarbonization

A third major driver of changes in the fertilizer landscape con-
cerns the imperative of decarbonization. Decarbonizing fertilizer
production essentially means replacing the main feedstock in
ammonia production, that is fossil fuels (for most countries, nat-
ural gas), with carbon-neutral, renewable hydrogen.®’ This, how-
ever, comes with significant costs. By some estimates, the costs
of producing so-called green ammonia with renewable hydrogen
are still more than twice those of conventional processes, based
on 2020 gas prices,*® that is, pre-energy crisis data. Costs are
expected to come down, and volatile gas prices certainly alter
the economic case for renewable-based ammonia. Still, cost dif-
ferentials may persist for some time to come.

However, decarbonization also comes with potential benefits.
Countries poor in fossil fuels may render their production inde-
pendent from imports. States currently unable to produce nitro-
gen fertilizers on a competitive basis, due to their lack of natural
gas resources, may see their competitive advantage change
dramatically in a net-zero economy. The scaling-up of green
hydrogen technologies will offer countries with high solar or
wind potential an important competitive advantage. This may
create new self-sufficiency opportunities for large nitrogen fertil-
izer consumers (such as India or Brazil) but also for countries that
have until now specialized on only one type of fertilizers given
their mineral endowments.

A case in point here is Morocco, which, on the basis of its vast
phosphate resources, has developed a large phosphate fertilizer
industry. Access to low-cost green ammonia production could
not only allow the country to reduce ammonia imports for its pro-
duction of ammonium phosphates used in the production of fer-
tilizer blends, but also widen its product profile. This could allow
Morocco’s flagship OCP Group to increase its market domi-
nance by entering market segments for additional fertilizer types,
thus increasing the country’s geopolitical leverage. Natural gas
producers, on the other hand, could free up volumes for export.
Algeria, for example, a key gas supplier to the EU, is facing
increasing domestic energy demand, which may dwindle ex-
ports going forward. Decarbonizing nitrogen fertilizer production
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can help stop the downward trend in the country’s export poten-
tial.>® Egypt, an emerging natural gas producer facing similar up-
ward pressure in domestic energy demand, may benefit from
additional export capacity going forward.

Indeed, incumbent fertilizer producers may see the need to
decarbonize exports as the EU moves to implement its carbon
border adjustment mechanism (CBAM) on carbon-intensive
products. Fertilizers, one of the products included in the initial
phase of CBAM implementation, will likely see decreasing
competitiveness on the European market when coming from
countries that so far fail to effectively price carbon.*® To ensure
market access at competitive prices, CBAM will represent an
important factor in assessing the costs and benefits of decar-
bonizing production.

At the same time, countries rich in renewable energy re-
sources may see an opportunity in entering the fertilizer market
by way of building on green ammonia production. A market
with significant upward potential, green ammonia is seen as a
central pillar of the net-zero pathways of large economic blocs.®°
A number of green hydrogen partnerships between EU member
states and African countries such as Namibia are meant to scale
up the nascent market and may, by extension, entice the emer-
gence of new fertilizer producers. A co-benefit clearly lies in
employment opportunities and value creation that come with fer-
tilizer production freed of fossil fuels. Indeed, the development of
fertilizer production may well offer an entry point for low- and
middle-income countries to enter the field of green hydrogen
production and, potentially, exports.

Finally, decarbonizing the sector also requires reducing syn-
thetic fertilizer use, helping to mitigate CO, emissions from the
sector. This offers important synergies with the reduction of
excess nitrogen and phosphorus in the environment. The over-
use of synthetic fertilizers in many parts of the world is consid-
ered to be reaching a level that risks serious disruptions of the
earth’s biogeochemical flows and constitutes a transgression
of one of nine so-called planetary boundaries.'® Hence, the pro-
motion of sustainable fertilizer management practices and corre-
sponding regulations to ensure appropriate levels of inorganic
fertilizer use represent an important entry point for addressing
the twin challenges of climate change and disruptions of biogeo-
chemical flows in the earth system. Moreover, nutrient recycling
as part of broader nutrient use efficiency management practices
can have the added benefit of reducing dependence on fertilizer
imports, not only for N but also for P and K fertilizers.

Given large differences in average fertilizer use, the scope of
these strategies will differ significantly across countries and re-
gions."" In China, for instance, where farmers use approximately
3.6 times the global average of inorganic fertilizers per hectare of
arable land, the government has begun to embark on a strategy
to reduce fertilizer use.®’ In many African countries, by contrast,
fertilizers remain out of reach to significant numbers of small-
holder farmers, requiring strategies to boost access in an effort
to increase crop yields.®*

Geopolitics of fertilizers: Three lines of inquiry

The three drivers outlined above are transforming the landscape
of fertilizer supply. Rising geopolitical tensions are translating
into increasing government intervention in fertilizer markets,
both on the supply and the demand side. While political steering



One Earth

Reduces dependence on fertilizers

May facilitate localization of production and
reduce dependence on fertilizer imports

May increase cost of fertilizers that make
use of more costly recycled nutrients

May increase the cost of fertilizers and
reduce affordability

Increases environmental quality,
e.g. through lower rates of fertilizer use

Reduces greenhouse gas emissions

¢? CellPress

OPEN ACCESS

NUTRIENT USE
EFFICIENCY &
RECYCLING

GREEN
FERTILIZERS

through lower rates of fertilizer use

Reduces greenhouse gas emissions by
replacing fossil fuels with renewables

© @ 0 6 6 00

0 Contributes to improved environmental
security

Figure 5. Impacts of decarbonizing the fertilizer sector on security
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This figure depicts how the reduction of greenhouse gases in the fertilizer sector impacts security, both directly and indirectly via its role in mitigating climate
change and enhancing environmental quality. Black arrows indicate a positive relationship; red arrows indicate a negative relationship.

in the fertilizer sector has been a long-standing feature within
China’s system of economic governance, the war in Ukraine
has brought fertilizers to the attention of policy makers across
the globe, most notably in Russia, the EU, and Brazil. Each of
these major economic players is pursuing a distinct variant of fer-
tilizer governance, based both on their position in the sector and
their specific policy preferences. Moreover, going forward, mea-
sures to ensure the security of fertilizer supplies will be strongly
intertwined with decarbonization efforts, another driver of politi-
cal intervention in the sector. Efforts to decarbonize fertilizer pro-

duction come with the added potential to localize energy feed-
stocks by switching to renewable hydrogen resources, offering
important synergies across the two policy domains. On the de-
mand side, nutrient use efficiency plays a critical role as a
pathway to enhance environmental quality, to decrease GHG
emissions and to reduce dependence on fertilizer imports.
Nutrient recycling provides an additional option for reducing
dependence of imported P and K fertilizers, while improving
environmental performance. Figure 5 captures the key interac-
tions across these dimensions.
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These processes not only raise the political salience of the fer-
tilizer sector as such. They also bring to the fore more funda-
mental questions of how commodities and their supply chains
are being reshaped against the background of new geopolitical
realities and the imperative of decarbonization. This warrants a
distinct research agenda, offering important new empirical and
conceptual insights within a tradition of international political
economy research. In the remainder of this paper, we sketch
three avenues of inquiry for such an endeavor.

A nexus approach to fertilizer supply chains

First, the changing global political economy of fertilizers merits a
research agenda grounded in nexus thinking.” Fertilizers can be
considered a strategic commodity, due to their cross-sectional
nature at the interface of economic development, security,
climate change, and the environment. While there are long-
standing debates in the international political economy literature
on both energy®”®® and food®*° security, fertilizers —situated at
the nexus between these two sectors—have not been tackled in
this context so far. Indeed, even contributions spanning both
policy fields (e.g., Steven et al.?°) have so far failed to address
the role of fertilizers. This relates to a broader gap in the debate
on the international political economy of energy, which has
largely sidestepped the question of different types of energy
uses. Among other things, the gas crisis following the invasion
of Ukraine has showcased the role of distinct energy carriers
as feedstock for industrial processes. It is not energy per se
but natural gas specifically that functions as the primary feed-
stock for the production of N fertilizers. In the same vein, debates
on the decarbonization of so-called hard-to-abate or hard-to-
electrify sectors are raising awareness that industrial processes
require energy carriers with specific characteristics and the abil-
ity to provide specific functions or inputs to industrial pro-
duction.®°

Fertilizer production represents an important example in this
regard, highlighting the more fundamental point that the concept
of energy security—in contrast to food security—represents an
intermediate security concern. Ultimately, it is not energy per
se but the products and services that energy helps generate
that matter for both collective and individual human security.
However, as pointed out by Huber,®” political science research
on energy and resources often focuses on what he calls
"following the politics," i.e., the places of contention and political
struggle. These have traditionally been situated in the spheres of
energy extraction and trade rather than their use in industrial fa-
cilities for the production of intermediate products or commod-
ities. Yet, changing market and geopolitical realities coupled
with the decarbonization imperative warrant a closer look. In
the same vein, research on fertilizer supply chains should not
limit itself to questions of fertilizer production and trade but
also address their use in agriculture. This means integrating
the emerging debates on fertilizer supply with discussions on
the impacts of synthetic fertilizer use on human health, the envi-
ronment, and climate.

Similar to the security literature, research on the energy-water-
food nexus has so far failed to address the arguably important
role that fertilizers play in this arena.”*®® Studies in the field
take an integrated perspective on the management of scarce
(natural) resources. They have their origin in the debate on inte-
grated water resource management (IWRM), which highlighted
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the need for a collaborative governance of water across various
end-users, most notably food and energy production.®® The
water-energy-food nexus further advances this thinking by ad-
dressing multi-directional dependencies, including the impact
of water scarcity on energy and food production. Fertilizers
have not featured in this debate, as they do not represent an im-
mediate interdependency between water and energy as re-
sources. Rather, interdependencies emerge when shifting to a
supply chain perspective. Here, fertilizers emerge as an interme-
diate product in food production, while energy represents an
important feedstock for the manufacturing of fertilizers. In
other words, rather than considering only direct energy use, a
global supply chain perspective shifts the focus to the energy
embodied in fertilizers. This is analogous to the debate on virtual
water (and water footprinting)’® and can be seen as a way of ex-
tending nexus thinking beyond a discrete geographic area. In
this way, the debate on water scarcity has spearheaded a trans-
national perspective on resource use. Similar concepts have
emerged within the debate on climate change, giving rise to
the concept of embodied carbon and related methodologies
for carbon footprinting.”""?

Only recently, however, have these questions assumed politi-
cal and economic salience beyond the spheres of water and
climate policy. As decarbonization policies are beginning to
extend beyond power generation and transport to industrial pro-
duction, the local availability of renewable energy resources is
emerging as a tangible competitive advantage for attracting in-
vestment in climate-friendly industrial production.®® The fertilizer
sector epitomizes how decarbonization processes are beginning
to drive this potential reconfiguration of global industrial supply
chains as well as the important opportunities for industrial up-
grading this brings. Here the nature of ammonia-based fertilizers
as an energy-intensive commodity that is comparatively simple
to produce and serves as an input for agricultural production po-
sitions the sector at the frontier of these developments in the
Global South.

Finally, potassium and phosphorus fertilizers point to the
additional nexus between food security and access to mineral
resources. Given their reliance on limited, non-replaceable min-
eral raw materials, this nexus relationship does not provide the
same entry points for transformative change in supply chains
that nitrogen-based fertilizers offer Rather, the spatial parame-
ters of K and P fertilizer production are not easily changed.
Geopolitically, this implies that dependence on the small num-
ber of countries where those mineral resources are currently
located and processed tends to be sticky. While this depen-
dence can be addressed through strategies of diversification,
it cannot be eliminated entirely through the substitution of feed-
stock, as in the case of ammonia.”®*" Instead, this underlines
the role of efficiency and circularity in managing this nexus rela-
tionship. Both reducing the need for K and P fertilizers via
nutrient use efficiency and the recovery of unused nutrients
via recycling techniques offer important win-win options,
combining environmental benefits with increased supply secu-
rity.*® At the same time, the introduction of such measures may
incur additional cost, at least in initial phases of their applica-
tion.*? In sum, the above not only calls for a dedicated research
agenda to better understand these interrelationships, both
locally and globally, but also policy approaches to catalyze
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the needed investments for reaping the potential gains of
increased efficiency and circularity and for reducing the initial
costs of related technologies and practices.

Rethinking supply chain research

The role of geopolitics, decarbonization, and related opportu-
nities for industrial upgrading in the fertilizer sector also present
important entry points for better understanding the drivers
behind changing political and corporate strategies within global
supply chains. As governments and firms seek to reshape supply
chains and thereby influence geopolitical dynamics, fertilizers
raise important questions regarding governance and power in
the industry. The role of supply chain disruptions related to
geopolitical events has begun to feature in management-ori-
ented supply chain research, and authors have started to
conceptualize the role of different types of vulnerabilities and
choke points and their implications for policymakers.”® Never-
theless, there has been little consideration of how government
intervention is beginning to reshape supply chains.”* Similarly,
the growing literature on supply chain resilience takes a firm-
centric view focused on approaches and strategies for
enhancing the ability to anticipate and respond to supply chain
risks.”® The influence of policy and governance on global supply
chains has featured more prominently in the literature on sustain-
able supply chain management, albeit with a primary focus on
how governance and regulation have impacted incremental im-
provements in environmental and social outcomes.”®’”
Research on how these factors have shaped the configuration
and geographic distribution of supply chains has not been
a focus.

Questions related to industrial upgrading have been explored
in the closely related literature on global value chains (GVC).
Similarly, this has focused primarily on firms as actors in value
chains. In this context, GVC scholars have dealt with the issue
of power by looking at “the ability of one firm in the chain to in-
fluence or determine the activities of other firms in the chain”
(p. 4).”® From this perspective, the power of so-called lead firms
stems from their ability to control key resources, make decisions
about firm entry and exit, and define the terms of suppliers’
participation in the chain.”®#% In a recent addition to the litera-
ture, Tups and Dannenberg®' used the fertilizer sector to
demonstrate how lead firms may not only exert power upstream
as buyers—as generally depicted in existing value chain
research—but also downstream. They analyze how lead firm
Yara International, a Norwegian company, has extended its sup-
ply chain both horizontally and vertically, offering not only fertil-
izer products but also crop management knowledge directly to
farmers via integrated retail systems and public-private stake-
holder platforms. This important addition to the discussion high-
lights not only emerging linkages between fertilizer supply and
use, but also illustrates interconnections between public and pri-
vate stakeholders precisely at this interface. While Tups and
Dannenberg’s critical perspective also highlights the political in-
fluence that this entails, they remain firmly rooted in a firm-
centric perspective.®’

Nevertheless, their work highlights the urgent need to over-
come the largely firm-centric and apolitical perspective that still
dominates traditional GVC research, despite some notable ef-
forts to “bring the State back in” by GVC scholars.®>*® Those
that have explicitly tackled the role of government in GVCs focus
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mainly on how it has acted as a facilitator of industrial upgrading
within existing value chains,®* and, to a lesser extent, in enabling
the formation of new industries, like wind or solar energy.®>®’
Research has also explored how domestic business power
drives external trade measures, but few works have addressed
how government intervention transforms and reshapes supply
chains in pursuit of geopolitical goals.

The case of fertilizers makes clear that such forms of political
governance are not only rapidly gaining in importance but are
closely intertwined with the imperative to decarbonize.?® In
the fertilizer landscape, political actors play key roles at
different levels of governance. At the national level, concerns
regarding security of supply are giving rise to more activist in-
dustrial policy strategies.®?°" Governments are influencing in-
vestment priorities, favoring “national champion” companies
and shaping investment conditions more broadly through car-
bon pricing policies, subsidies, regulations, and even sanc-
tions.®? This has major implications for how firms are connected
across GVCs. At the transnational level, trade regimes, increas-
ingly linked to the decarbonization imperative, are becoming
more interventionist. The EU’s CBAM is an important case in
point, as discussed, with a direct impact on fertilizer trade
and investment.*%%

In addition, fertilizers speak to the importance of spatiality in
supply chains,’" highlighting how different feedstocks imply not
only different types of interdependencies but also different options
for theirmanagement. This is anotherimportant dimension that the
existing GVC and supply chain literature has largely neglected in
favor of a focus on delocalized, global systems. While some recent
literature has started to interrogate the spatial element of supply
chains (see for example Coe’* and Bridge and Bradshaw®®), the
imperative of decarbonization is fundamentally reshaping the fac-
tors driving the spatial distribution of production within ammonia-
based fertilizer supply chains or GVCs. Meanwhile, mineral re-
sources in K and P fertilizer production imply a much more static
spatial distribution. These differences make the sector a particu-
larly important case in point. Changes in the spatial distribution
of ammonia-based fertilizer production will depend strongly on
the availability of renewable resources for large-scale green elec-
tricity production. Because of the importance of advantageous
natural endowment factors such as the availability of high-volume,
low-cost solar or wind power, other cost-based relocation oppor-
tunities are limited. At the same time, because of the significant role
played by fertilizers in ensuring national-level food security, states
will want to keep a significant portion of the food supply chain,
including fertilizers and the ammonia that is essential for its pro-
duction, within their borders.”®
Fertilizers in a grand strategy perspective
Finally, from a broader geopolitical perspective, fertilizer supply
chains are becoming incorporated into so-called “grand strategy”
in the international political economy, serving long-term foreign af-
fairs priorities as part of economic statecraft.”” As a scholarly con-
versation, statecraft denotes the orchestrated “use of policy in-
struments to satisfy the core objectives of nation-states in the
international system” (p. 826),°® deliberately extending the state
toolbox from military to economic or informational means of exert-
ing or projecting power. This opens a number ofimportant avenues
for academic inquiry into the dynamics and instruments underpin-
ning fertilizers as subject of grand strategy.
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Fertilizers firmly sit at the intersection of economics and na-
tional security interests. Their importance for ensuring food se-
curity makes fertilizers subject to attempts to use economic
commodities for achieving geopolitical ends, in a “war by other
means.”° Net exporters, most notably Russia, have started to
utilize fertilizer shipments as an instrument in asserting them-
selves as partners for countries in the Global South. Importers,
by contrast, have come to recognize access to fertilizers and
key intermediate products, like ammonia, as important vulnera-
bilities. At the same time, exports may become subject to geopo-
litically motivated trade measures. For example, while Western
sanctions in reaction to Russia’s aggression against Ukraine
have deliberately exempted fertilizer exports for their important
role in world food supply, Belarus’ potash exports indeed have
been targeted in the wake of regime-suppressing domestic op-
position in 2021, given their importance for the country’s
economy. '

Such patterns have been observed in other strategic com-
modities, notably oil. In the latter context, O’Sullivan'®" sug-
gested distinguishing between ends, means, and ways of grand
strategy. Although securing access to the commodity is the end
of state action, control over commodity flows may be a means to
coerce adversaries into a desired behavior. Ways, finally, relate
to the financial gains from commodities, which may be used
for non-market goals. Research from this perspective would
add significant granularity to the emerging debate on fertilizer
supply chains and their role in marshalling statecraft as part of
grand power competition.

Another element lies in the simple but important insight that
fertilizer markets are global and deeply intertwined. As Farrell
and Newman'?? remind us, (trade) flows may be asymmetric,
opening up opportunities to “weaponize” them. For example,
potash exports of land-locked Belarus were crucially relying on
Lithuania’s ports. With these closed due to sanctions, remaining
export routes are dependent on Russia, making Minsk exposed
to the good will of Moscow. A grand strategy approach would,
therefore, crucially need to dissect the upstream, midstream,
and downstream segments of the fertilizer supply chain in order
to determine crucial nodalities and lopsided interdependencies
that may be exploited for geopolitical scheming, both by ex-
porters and importers.

Fertilizer producers and exporters may, as indicated, use the
commodity to incentivize or coerce other nations to follow a
desired course of foreign policy action, along the line soft or
hard power. Statecraft can, however, also alter political costs
and opportunities of target countries.'®® This is a matter of polit-
ical economy and raises important questions regarding the do-
mestic fault lines arising from a changing external market environ-
ment (see also Abdelal and Kirshner'®?). Adopting a classic
second image reversed argument,’®® grand strategy inquiry
may thus link the phenomenon of fertilizer diplomacy back to
an analysis of domestic structure. It also allows defining and
testing conditions for compliance or successful resistance of do-
mestic leaders with regard to external pressures, notably the level
of stateness and the degree to which elites can insulate them
from domestic interests.'°® This extends to inquiries into the pol-
icy approaches countries opt for in the Global North and the
Global South, possibly also as a function of different levels of eco-
nomic development and, by extension, economic structure.
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A grand strategy analysis of fertilizers, finally, reveals impor-
tant insights into the instruments of economic statecraft as
wielded by states. The classics comprise, among others, sanc-
tions, aid, institutionalized economic cooperation, or strategic
commercial policy.'”” An interesting field of academic inquiry
is regulation and the specific circumstances in which market po-
wer can be translated into strategic regulation. Again, energy
research has lessons to offer, among other the EU’s attempts
to design rules with extraterritorial effects, notably in response
to Russia’s assertive geopolitical behavior.'’® As Kalyanpur
and Newman'%° show, it is both the relative economic position
of the rule-setting actor and the governance underpinning its
markets that are determinants. Particularly when it comes to
greening fertilizers, moves to inject sustainability principles into
fertilizer supply chains come down to rule-setting power—both
in response to the climate change imperative as well as
regarding less benign motivations in the shape of green mercan-
tilism.

CONCLUSION AND OUTLOOK

This article outlined how fertilizers and their embeddedness in
the nexus of food, climate change, energy and mineral re-
sources, environment, and security raise the political salience
of the sector and give rise to a distinct set of challenges at
different stages along the supply chain. Yet, it is not entirely
unigue how geopolitics and decarbonization are driving transfor-
mative changes in the sector. Rather, the patterns are arguably
akin to other goods exhibiting similar characteristics.

In the case of nitrogen-based fertilizers, these notably include
high carbon content, a high strategic importance for broader
economic development or for meeting the basic needs of the
population, and a relevant degree of (potential) supply chain
dependence. While the transformative changes within fertilizer
supply chains warrant further investigation in their own right, a
better understanding of changes in the sector would also offer
an important starting point for comparative research across
other carbon-intensive industries. As suggested above, previous
research on energy politics has had a strong focus on energy
supply.®?® While still relevant, transitions within the so-called
hard-to-abate sectors are increasing the political salience of
the energy-intensive midstream segments within global supply
chains. The transformation of these intermediate industries im-
plies a major potential for disruptive structural changes across
the global economy. These are likely to both trigger significant
modifications in the geography of energy-intensive industrial
production—similar to previous industrial revolutions—as well
as government and corporate strategies aimed at shaping those
changes.

A systematic, empirically driven analysis of nitrogen-based
fertilizers alongside other energy-intensive commodities would
offer important insights from both a scholarly and policy
perspective. Indeed, identifying key commonalities and differ-
ences could go a long way in furthering a better understanding
of how the interplay between decarbonization and geopolitics
is reshaping both economic geographies and the related geopo-
litical maps.

In a similar vein, due to the absence of substitutes, the more
static supply chain configurations for P and K fertilizers exhibit
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not only important parallels to but also potential interactions with
emerging trends within the broader energy transition. The need
for phosphorus for the production of lithium-ion batteries is a
case in point. More broadly, critical mineral resources have
emerged not only as an important bottleneck for the acceleration
of the energy transition but also as an important locus of geopo-
litical competition. Fertilizers and the related mineral resources
not only add an important additional layer to this, but highlight
the importance of dedicated research focused on the multifac-
eted benefits of efficiency and circularity within global supply
chains.
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