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Abstract

Various bioeconomy strategies seek to replace fossil resources with renewable agrarian resources without departing from the
agro-industrial model. Paradoxically, industrial agriculture is an extractive system itself, dependent on the constant supply
of mineral resources to replace the nutrients extracted from the soil. This article analyses the evolution of nutrient flows in
this system from a historical-theoretical perspective and focuses specifically on the nutrient phosphorus, derived from the
raw material phosphate rock. Classified as a “low-cost bulk commodity” for decades, since 2007 phosphate rock has become
a strategic resource in the context of the crisis of cheap nutrient supply (2007-2013), a period of unusually high fertilizer
prices. By analyzing state and private actor strategies in Germany and Brazil to adapt to this new situation, it becomes clear
that the control over flows of phosphorous is increasingly contested. This article argues that bioeconomy strategies are
aggravating existing conflicts over phosphate supply, as well as global inequalities, which inter alia become evident in food
crises. Technological innovations, which are promoted within bioeconomy strategies, only reduce the extractive character

of industrial agriculture in a limited way, while they are securing the interests of dominant actors.
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Introduction

Various bioeconomy strategies aim to replace fossil
resources with renewable, agrarian resources without depart-
ing from the agro-industrial production model. Paradoxi-
cally, this model is in an extractive system itself: it is based
on the constant supply of mineral resources to replace the
nutrients extracted from the soil. There are three main nutri-
ents used in plant fertilizers: nitrogen, potash and phospho-
rus. Nitrogen fertilizers are produced with natural gas in
a synthetic process, but potash and phosphorus depend on
mineral resources: potassium salts and phosphate rock.
With a focus on phosphate rock, this article asks what
implications these extractive dependencies have on the for-
mation of a bioeconomy and to what degree it is possible to
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process the nutrient problem with bioeconomy strategies.
The regional emphasis is on strategies in Germany and Bra-
zil as the former country is at the forefront of implement-
ing bioeconomy strategies, while the latter is a major global
biomass supplier. The paper will argue that the considered
bioeconomy strategies intensify pre-existing conflicts sur-
rounding the phosphate supply. While they only allow for
a limited alteration of the extractive character of industrial
agriculture, they can secure the interests of dominant actors.
The cases in this paper are to outline the relevance of phos-
phate supply and the emerging conflicts around its access in
an exemplary manner. However, an encompassing analysis
of different bioeconomy strategies is beyond the scope of
this paper.

The next section will present key features of industrial
agriculture to evaluate selected bioeconomy strategies
regarding their position on a continuation of this production
model. The paper continues with a historical-theoretical sec-
tion on nutrient flows in capitalist agriculture, before analyz-
ing the phosphate industry in more detail. This includes the
shift from a “low-cost bulk commodity” towards a strategic
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resource in the context of the crisis of cheap nutrient supply
2007-2013, when fertilizer prices were unusually high. The
last section will present some sets of strategies that different
actors have developed as a response to this crisis. Due to the
limited scope of this article, it will only discuss actors in
business and politics.

Methodologically the article relies on secondary sources,
and pursues an analysis of policy papers, newspaper arti-
cles, and international databanks, such as the Observatory of
Economic Complexity (OEC), IndexMundi and the United
States Geological Survey (USGS).

Agriculture in the bioeconomy

To understand the meaning of the term "sustainable" agri-
culture, which is frequently used in bioeconomic strategies,
it is helpful to sketch out the main features of various agri-
cultural production models already in place. The first one is
conventional or industrial agriculture.! It follows the central
idea of industrialization to use machines in standardized pro-
cedures to increase the productivity of human labor. The
decreasing amount of human labor in agriculture renders
the production (a) land and capital intensive. Agricultural
equipment such as tractors and combine harvesters is very
expensive and needs large tracts of land to work effectively.
The consequence is a (b) homogenization of diversified eco-
systems since standardized procedures of planting, irriga-
tion, weed control, machine harvesting and the use of chemi-
cals are designed for a select few crops that are cultivated
in monocultures. In addition to the massive loss of species,
this leads to the destruction of natural metabolisms, which
are necessary for plant growth. Instead of a circular nutri-
ent flow between soil, plants and living beings, industrial
agriculture establishes (c) an open through-flow system.
The continuous supply of standardized, human-made inputs,
such as seeds, pesticides and fertilizers, made it possible to
override ecological limits and create new fields of capital
accumulation. For example, through breeding and patents,
seeds could become a globally traded commodity that farm-
ers cannot access freely as a part of their harvesting within
a natural cycle. Therefore, industrial agriculture is strongly
shaped by (d) the interests of agribusinesses. Agribusinesses
are companies that do not cultivate fields themselves, but
produce inputs, such as seeds, or process and commercialize
the harvests of farmers. Thus, they have an interest in “long”
commodity chains, ideally ones that they control.

Due to the manifold negative socio-ecological effects
of industrial agriculture that have become increasingly

! The following is based on Weis (2007, pp. 28-59), Clapp (2016, p.
12-24) and Altieri (2000, pp. 78-80).
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obvious in the twenty-first century, a discussion around
alternative production models has started (Altieri 2000, pp.
80-88). Organic agriculture, whose products are certified
with specific labels, is often regarded as a counter-project.
It mostly changes point (e) by limiting or prohibiting the use
of chemical inputs (pesticides and fertilizers). Farmers try
to use nutrient cycles and “local” sources, such as planting
legumes, which can fix nitrogen in the soil, but they can also
use “external” organic sources of nutrients such as guano
or lime (BOLW 2022). Typically, production is more labor
intensive and businesses smaller, but transnational commod-
ity chains are not questioned as such. Therefore, parts of the
agribusiness sector have tapped into this niche market by
offering organic apples from overseas in supermarket chains,
for instance.

The concept of agro-ecology is more far reaching, “[t]
he chief goal being to develop locally adapted solutions
for peasant farmers that work with the available resources”
(INKOTA-Netzwerk et al. 2017, p 7). It is about using tra-
ditional, local knowledge and re-establishing or imitating
natural metabolisms. Furthermore, a focus is on the local
production und commercialization, as well as the demo-
cratic control through co-operatives. Therefore, this model
is an explicit counter-project to the power of agribusinesses
(Altieri 2000, p 89). It even includes a certain departure
from the capitalist penetration of agriculture as its goal is
the (re-)appropriation of land as a means of production and
it stresses the use value of food (as opposed to its exchange
value), which is already put in practice by initiatives of com-
munity-based agriculture. The goal is to achieve local and
democratic control over the production and consumption of
food (food sovereignty) INKOTA-Netzwerk et al. 2017).

What is agricultural production then supposed to look
like in an emergent bioeconomy? To answer this question
in an exemplary? manner, it is helpful to turn to two policy
papers from Germany and Brazil. These countries are highly
relevant for the global bioeconomy discussion in their own
way: German governments have put a strong emphasis on
the research and development of bioeconomy technologies
and invested heavily over the last decade. For instance, 3.6
billion Euro have been earmarked for the period 2020-2024
by the Ministry of Agriculture and the Ministry of Educa-
tion and Research (BMEL 2020). Brazil, in turn, is among
the most important global biomass sources, with a growing
significance. For instance, in 2020, Brazil became the lead-
ing soybean producer and exporter, accounting for 50% of
the global market. The South American country produces

2 For a broader discussion on bioeconomy strategies around the
globe see several contributions in Backhouse et al. (2021). Note that
most strategies share the technological optimism that is very present
in the passages cited in this section.
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one third of the world’s sugar cane, leading in exports. It is
the third most important producer of corn and became the
second largest exporter of the cereal (Embrapa 2021). All of
these are “flex crops,” with multiple uses, such as food, feed,
energy, and industrial use, making them highly relevant to
bioeconomy strategies.

Turning to the actual policy papers, the first to consider
is the paper on the national German bioeconomy strategy
(Nationale Politikstrategie Biookonomie, BMEL 2014), pub-
lished by the Ministry of Food and Agriculture includes sev-
eral detailed ideas about a bioeconomy, which have recently
been updated (BMBF and BMEL 2020). Although the term
“sustainable” is frequently used (150 hits on 70 pages of
continuous text), there is no discussion of what a "sustain-
able" agricultural system should look like.

An explicit departure from industrial agriculture cannot
be found. Instead, there are several positive references to
this production model, particularly in section 5.2 D (BMEL
2014, p. 50ff.). Here, one can read: “for a sustainable
increase in yields, it is necessary to use modern breeding
methods and, more importantly, achieve gains in efficiency
regarding the application of energy, fertilizers and pesti-
cides"? (p- 53). The idea is to make the use of inputs more
efficient, but there is no stated goal of using different inputs
or natural nutrient cycles. The policy paper expounds the
problem of decreasing productivity gains in industrial agri-
culture, since global yields more than doubled after World
War 11, but started to stagnate around the turn of the millen-
nium. According to the German ministry BMEL (2014, p.
53), now is the time to accelerate the yield increases through
research and development. This also demonstrates the idea
of continuing along the path of industrial agriculture rather
than searching for new ways of agricultural production.

In Brazil, there is no detailed paper on a bioeconomy
strategy, but there are some hints in the strategy paper on
science, technology, and innovation (MCTIC 2016, pp.
94-100). Here, the policy ideas also focus on “technological
progress [and] innovative solutions [...] to improve the pro-
ductivity and the quality of agricultural production®.”” Like-
wise, there is no departure from the agro-industrial model.

In conclusion, the selected bioeconomy strategies seek
to improve industrial agriculture and make it more sustain-
able, but they do not question this system of production as
such. This means that the current open through-flow system

3 Quotations in foreign languages have been translated by the author.
Original source: “Fiir eine nachhaltige Steigerung der Ernteertrige
[...] sind, neben dem Einsatz moderner Ziichtungsmethoden, Effi-
zienzverbesserungen insbesondere in Bezug auf den Einsatz von
Energie, Diinge- und Pflanzenschutzmitteln notwendig”.

4 Original source: “[...] avango tecnoldgico [e] solu¢des inovadoras
para [...] melhorar a produtividade e a qualidade da producdo agro-
pecuéria”.

of nutrients is likely to continue within a bioeconomy, even
if some modifications are in the pipeline (cf. Sect. “Bioec-
onomy strategies and new technologies”). Before returning
to this question, “Nutrients and capitalist agriculture: geneal-
ogy of a global through-flow system” provides a brief gene-
alogy of this through-flow system to better understand the
question of phosphorus supply in the current conjuncture.

Nutrients and capitalist agriculture:
genealogy of a global through-flow system

While humanity went through a number of agricultural revo-
lutions before modern times, such as the domestication of
crops and animals, natural cycles of nutrients flowing from
soil to plants to animals (and humans) and back to the soil
via excreta were largely kept intact.

The origins of the open through-flow system can be
traced back at least to the English agricultural revolution of
the seventeenth century, which consisted of the introduction
of new farming techniques and the re-organization of agrar-
ian structures through the enclosure of the commons, which
established a capitalist agricultural system (Wood 2000).
On the one hand the conversion of pasture fields (formerly
commons) into private arable land provided farmers with
a yield-boosting nutrient source that would not reproduce
within an agrarian cycle. According to agrarian historian
Marc Overton (1996, p. 117), it “could be interpreted as a
means of cashing in on reserves of nitrogen under perma-
nent pasture for short-term gain.” On the other hand, the
new class of capitalist farmers were driven by the motive of
reducing labor costs and maximizing (short-term) profits.
“The methods they adopted [...] represented a fundamental
break with much of the literature on best farming practices
and actually interfered with preserving soil fertility in many
cases” (Pomeranz 2000, p. 216).

While wheat output per acre had roughly doubled
between 1600 and 1750, England and continental Europe
were experiencing increasing problems of food supply since
the late eighteenth century (Overton 1996, p. 1; 77). The
solution was not a preservation of soil fertility, but tapping
“external” sources of nutrients, that were not part of local
agrarian cycles (Thompson 1968). During the nineteenth
century, different resources were used: First ground bones,
even imported from South America and Russia, then Guano
and finally nitrate, both imported from the South American
Pacific coast. While Guano, the excrements of seabirds, is
a renewable fit-all mixture of nutrients, nitrates are non-
renewable and only contain nitrogen (Cushman 2013, pp.
44-53). However, sources for the other main nutrients were
available too, particularly since the opening of the potash
mines in Strassfurt, Prussia, in 1861. Since the pioneer work
of John Bennet Lawes in the 1830s, phosphorus fertilizer
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was continually produced from bones, coprolites and even
phosphate rock, imported from Southern Europe, Pacific
Islands, North America and North Africa by the turn of the
twentieth century (Thompson 1968, p. 70; Nelson 1990, pp.
12-20). It is clear that for such an enormous re-organiza-
tion and global sourcing of nutrient flows, quantum leaps
in knowledge production about agricultural chemistry were
necessary. Besides the aforementioned John Bennet Laws,
the scientist mostly associated with these breakthroughs is
Justus von Liebig (Foster and Magdoff 2000). This genera-
tion of agricultural chemists mainly achieved two things: (1)
understanding the flows of nutrients between atmosphere,
soil, plants and animals, while classifying the role of dif-
ferent nutrients. (2) The law of the minimum, stating that
the effects of fertilization are limited by the element (nutri-
ent) available in the least quantity. For effective fertilization,
all nutrients have to be increased; if there is no potash, for
example, the effects of phosphorus and nitrogen fertilizer are
limited (Nelson 1990, pp. 12-18).

The work of Liebig and others was not only highly rel-
evant for contemporary farmers, but also influenced social
thinkers, such as Karl Marx. He took up Liebig’s concept
of metabolism (Stoffivechsel) and transferred it to the labor
process. Furthermore, Marx (1991, p. 949) pointed towards
an “irreparable rift” in the metabolism between humans and
the soil that is caused by the increasing urbanization of capi-
talist societies: the monocultural cultivation of crops takes
nutrients from the soil without returning them since the
consumption takes places elsewhere. In the cities, nutrients
accumulate in wastewaters and acidify rivers and oceans.

While John Bellamy Foster and colleagues (2010)
updated Marx’s analysis of the metabolic rift and focus
on the destructive ecological consequences of capitalism
from disrupted nutrient cycles to climate change, the work
of Jason W. Moore (2015) points the attention towards the
ecological conditions of capitalist development. Building on
Marx’s observation (1990, p. 638) that “the original sources
of wealth [are] the soil and the worker,” Moore writes that,
each wave of long growth has been built on the appropria-
tion of nature’s productivity for capital accumulation. Moore
calls this cheap nature for capital accumulation: “[A] rising
stream of low-cost food, labor power, energy and raw materi-
als to the factory gates (or office doors, or...)” (Moore 2015,
p- 53). He analyzes this historic process of channeling new
sources of “unpaid work” into the commodity system as a
movement of commodity frontiers that drive down produc-
tion costs and increase the rate of profit.

The tapping of Guano and nitrate reserves to “renew”
the fertility of exhausted European soils clearly constitutes
such a frontier movement. Another significant commod-
ity frontier and part of the global through-flow system
has been the extension of monocultures in the European
colonies. While the cultivation and export of sugar cane
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provided a cheap source of calories since colonization
of Madeira and the Americas (Moore 2015, p. 169ff), in
the late nineteenth century, the cultivation of grains on
virgin soils in the settler colonies of North America and
Oceania supplied Europe with cheap food (Weis 2007, p.
50ff.). In the meantime, European agriculture had become
dependent on a single source for nitrogen: Chilean nitrates
controlled by the British free trade system. The access to
nitrates was even more critical since it was the central
raw material for the manufacture of explosives (Foster and
Magdoff 2000).

Amidst increasing geopolitical tensions, imperial Ger-
many vehemently supported the research and development
of the synthetic nitrogen compound ammonium, carried out
by Fritz Haber and Carl Bosch in the chemical company
BASEF (Loeber 2010). The Haber—Bosch process, introduced
in 1913, could override ecological limits again by tapping
a “subterranean frontier,” because nitrogen fertilizers could
now be produced synthetically with energy from fossil fuels
(Foster and Magdoff 2000).

Particularly, the USA advanced this synthetic agricul-
tural revolution and the industrialization of agriculture with
state funding from the New Deal program in the 1930s. This
meant the introduction of large-scale machinery (tractors,
combine harvesters) as well as new inputs, such as seed and
chemical fertilizers (Nelson 1990, pp. 193-215). As deter-
mined by the minimum law, the increasing consumption of
cheap nitrogen fertilizer from the Haber—Bosch process also
led to an expansion in the extraction of potash salts and
phosphate rock (cf. below).

In the USA, this highly productive and state-subsidized
model generated chronic wheat surpluses that were exported
as food aid to Western Europe and selected countries of the
Global South. In a second phase since the 1960s, the policy
changed towards exporting the whole technological pack-
age of industrial agriculture: tractors, hybrid seeds, chemical
fertilizers and more (Clapp 2016, p. 40). From the 1960s
to the 1980s, the so-called Green Revolution reached most
parts of Latin America and Asia, facilitating an increase by
a factor of 2.4 in global average yield (Weis 2007, p. 17).

This was accompanied by a transnationalization of pro-
duction and a decrease in trade barriers. After the debt crisis
of the 1980s, the structural adjustment programs imposed
by the World Bank and International Monetary Fund (IMF)
intensified the export-orientation of agricultural sectors in
the Global South, which re-established their colonial role
as a raw-material supplier (Anlauf/Schmalz 2019). With the
creation of the World Trade Organization (WTO) and the
Agreement on Agriculture in 1994, this free trade system
was completely institutionalized, although the Global North
retained its “right” to subsidize agriculture and export sur-
pluses of wheat and animal products (Patel 2012, p. 1011t.).
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An increasingly globalized system of open nutrient flows
developed through this process, in which a number of agri-
cultural revolutions have provided quantum leaps in produc-
tivity, each time sourcing new materials for nutrient supply.
Today, the daily food of most people in the Global North is
based not only on transcontinentally traded crops. Also, to
produce these crops at low cost, the (transcontinental) inflow
of external nutrient sources has to be secured. This was the
case over the course of decades, and socio-ecological schol-
ars from green mainstream (Rockstrom et al. 2009, p. 472ft.)
to eco-Marxism (Foster and Magdoff 2000) mostly looked at
the output side of chemical fertilizers (e.g., eutrophication,
greenhouse gases), if they dealt with the topic at all. This
section has shown that we have a good historical record of
the input side, but the contemporary organization of nutrient
flows from the mine to the field is a barely researched area of
investigation. There has been a heated debate among geolo-
gists and economists arguing over the global availability of
phosphate rock in mathematical terms of (in)correct mod-
eling (Cordell and White 2011; Scholz and Wellmer 2021).
While this is briefly taken up in the following section, my
contribution takes a different level of analysis by looking
at specific actors, their interests, and power relations from
the perspective of political economy. Geology and ecology
most certainly frame the conditions, but how resources are
used, meaning how nutrient flows are organized in particular
commodity chains and who profits from this, is a question of
power relations between and within societies.

The phosphate industry: from low-cost bulk
commodity to strategic resource

To analyze nutrient flows in the phosphate industry in more
detail, the analytical tool of the commodity chain is helpful.
These “network[s] of labor and production processes whose
end result is a finished commodity” (Hopkins/Wallerstein
1986, p. 159), crisscross the world system and are an expres-
sion of the unequal development between core and periph-
ery. However, the generation of high profits does not neces-
sarily depend on the degree of industrialization at a certain
node of the chain, but more often on the degree of monopoli-
zation secured by political power (Anlauf and Schmalz 2019,
pp- 200-204). While most commodity chain analyses begin
with a finished product, this article departs from the extrac-
tion of raw materials, utilizing Moore's (2015) commodity
frontier approach (see ‘“Nutrients and capitalist agriculture:
Genealogy of a global through-flow system”).

Phosphate rock as a low-cost bulk commodity
(1945-2000)

The commodity chain of phosphate fertilizer starts with
the extraction of phosphate rock, typically in large open-pit
mines. The raw material is transported from the mine into
industrial plants where phosphoric acid’ is produced in a
chemical process by adding sulfuric acid. In a third step,
finished fertilizers are produced in industrial plants; either
superphosphates containing only phosphorus or mixtures
with nitrogen, such as mono- or di-ammonium-phosphate
(MAP or DAP) (Potashcorp 2018, p. 23). Manufacturing
these finished fertilizers is the highest stage of value crea-
tion, although trading and commercializing fertilizers often
allows for the highest profits in this increasingly oligopo-
listic industry. On the one hand, states, therefore, have an
interest in hosting these industries and exerting some kind
of control over trade flows; on the other hand, this economic
interest can be superseded by a strategic interest in securing
inputs for a cheap food supply.

After the Haber—Bosch process had been established
and spread globally, the production of phosphate fertiliz-
ers also increased dramatically, illustrating the interrelation
of synthetic processes and mineral extraction. In the dec-
ades leading up to 1945, the production of phosphate rock
hovered around 10 million tons; by 1948, the amount had
already doubled. In the following decades, production lev-
els increased steadily and reached 166 million tons in 1988
(Jasinski and Buckingham 2010).

In the twentieth century, the center of the phosphate
industry developed in central Florida, home to large depos-
its of phosphate rock, with the International Minerals &
Chemicals Corporation (IMC) becoming the dominant
company (Nelson 1990, pp. 63-72; Martin 1994, p. 264f.).
The global production of synthetic fertilizers increased sig-
nificantly after World War II, but the share of US-production
declined gradually. In the 1950s, roughly half of the global
phosphate rock production took place in the USA, but by the
end of the 1980s, this share decreased to a fourth (Jasinski
and Buckingham 2010). During this period, many (semi-)
peripheral countries started the creation of national phos-
phate industries under significant state control. Besides the
Soviet Union, whose production reached similar levels to the
USA in the 1980s, Morocco assumed an important role with
its abundant reserves of phosphate rock (Rawashdeh and
Maxwell 2011). Initially being a mere supplier of the raw
material phosphate rock for the fertilizer industries located
in European countries, the state-controlled enterprise OCP

> Because this paper is just an introduction to this topic, it does not
include the trade of this intermediate product in the following analy-
sis to briefly present a complex issue.
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(Office Chérifien des Phosphates) started building a chemi-
cal industry in the 1960s. Nowadays, Morocco produces
more than 30 million tons of phosphate rock, an amount
similar to the USA (Jasinski 2020). Despite its successful
program of industrializing phosphate rock, Morocco is also
the largest exporter of the raw material. Finally, countries
such as Brazil, Tunisia, Egypt and Syria built phosphate
industries as a part of national development projects, but
the capacity of phosphate rock production remained under
10 million tons per year (Rawashdeh and Maxwell 2011).

Against the backdrop of these global trends, phosphate
rock and its derivatives were available cheaply on global
markets. Indeed, they were considered a “low-cost bulk com-
modity” (UNIDO and IFCD 1998, p. 114), facilitated by the
expansion of commodity frontier under state control. The
real prices of phosphate rock dropped from 40 US$ per ton
in the 1960s to less than 30 US$ per ton in the early 2000s,
although this trend was interrupted by a price hike in the
1970s (Rawashdeh and Maxwell 2011). During this phase,
neither farmers, politicians, nor consumers had to worry
about the supply of cheap (phosphate-)fertilizer, which
might be one of the reasons why so little about phosphate
rock is known.

The collapse of the Soviet Union further accentuated the
price decline in the 1990s. The US—American phosphate
industry responded to the very low prices, which only
allowed for low profits by another wave of fusions. IMC
merged with a number of competitors in the 1990s, before
becoming The Mosaic Company, in a 2004 merger with
Cargill’s fertilizer division (Mosaic Company 2005). This
company, initially controlled by a majority ownership of
agri-business giant Cargill, assumed a dominant position
in the phosphate industry. In addition to the state-controlled
enterprises of the (semi-)periphery, the increased concentra-
tion of private companies in North America and their export
cartels are a central element of the oligopolistic structure of
the fertilizer industry (Taylor and Moss 2013, p. 16).

The crisis of cheap nutrient supply: 2007-2013

In early 2007, the situation of the phosphate industry
changed drastically. That year, the prices of all fertilizers,
including the raw-material phosphate rock, increased rapidly
until it peaked in September 2008. The price of phosphate
rock increased nearly tenfold within 1.5 years, rising from
45 USS per ton (April 2007) to 430US$ per ton (Septem-
ber 2008). While prices declined almost as rapidly over the
next year, they increased again in 2010 and remained at a
relatively high level, which was three to five times higher
than the prices of the 1990s and early 2000s. After 2013,
prices were on a decline, but without reaching the level
they were at before 2007, when they were at 40US$ per
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ton. In the first half of 2021, prices started increasing again
(IndexMundi 2022).

The price shock of 2007/2008, and particularly the fol-
lowing longer period of high prices, was a serious problem
for agrarian producers and countries with a strong agricul-
tural sector. While prices for most agriculture products rose
during this time as well, the increases in fertilizer prices
were much higher (Gnutzmann and Spiewanowski 2015).
This put farmers under great cost pressure, particularly small
and medium farmers in the Global South whose purchasing
power is limited. In India, a country completely dependent
on imports of phosphate products, agrarian producers pro-
tested violently against supply shortages of fertilizers, with
several casualties (Cordell 2010, p. 127).

Therefore, Arno Rosemarin and colleagues (2009) point
out that the price spikes increased global inequalities. This
is also evident in the food crises of 2007 and 2011, which
mostly affected consumers with a low income in the Global
South. Protests against higher prices of food stretched from
Haiti to Egypt and Indonesia, while, according to official
data, the number of people suffering from hunger increased
by 100 million, totaling more than one billion for some time.
Mainstream economists explained the spikes in international
food prices with supply—demand imbalances due to agrofuel
production and an increased demand in emerging econo-
mies, but critical scholars have pointed to the increased
financialization of the food sector as an alternative expla-
nation (Clapp 2016, p. 133ff). However, the increases in
fertilizer prices and their raw materials are often left out
of the picture although initial calculations claim that ferti-
lizer supply “was an important driver of the [food] crisis,
explaining up to 60% of the price increase” (Gnutzmann and
Spiewanowski 2015).

These quantifications may or may not be precise, but it is
clear that rising prices for fertilizers and their raw materials
will translate into higher food prices, which has the great
potential to destabilize the global agri-food system. There-
fore, although higher prices for fertilizers are beneficial to
individual companies of the sector, this moment constitutes
a crisis for the larger agri-food system, which can be called
the crisis of cheap nutrient supply.

In a similar way to the price hike of the 1970s, this latest
period of high fertilizer prices also sparked a debate around
an impeding phosphorus scarcity under the term Peak Phos-
phorus (Ulrich and Frossard 2014). Alluding to the Peak Oil
thesis, the sustainability-researcher Dana Cordell and her
colleagues (Cordell 2010; Cordell and White 2011) claimed
that the production of phosphate rock is going to reach a
peak around the year 2033 and decline afterwards, while
production costs increase and demand continues to rise.
Their argument has been vigorously rebutted by a number
of scholars, based on dynamic modeling and data account-
ing (Ulrich and Frossard 2014, p. 694). In their overview of
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different critiques, Scholz and Wellmer (2021) prominently
argue: “From a geologic, geoeconomic, and mathematical
modeling perspective, the conclusions drawn by Cordell
et al. [...] are fundamentally flawed and incorrect.”

While this rebuttal might suggest a business as usual in
the phosphate industry, I would like to point towards three
shifts: first, while phosphate prices tend to go through
short-term cycles over 7-10 years, consultants and business
insiders expect a “[rising] plateau level of phosphate rock®
prices” (Mew 2016, p. 1012; more details: Rahm et al. 2007,
p. 5). Second, in a historical longitude perspective, the fre-
quency of price escalations has increased. Often the price
hike of 2008 is compared to the first’ global phosphate rock
price peak in 1975 (Ulrich and Frossard 2014; Mew 2016).
If we add the current price increase in international ferti-
lizer prices to this series of events, we can see that interval
period has decreased from 33 years to 1015 years, indicat-
ing a higher frequency of disruptive price hikes. Third, as
the North American production is declining, a rising share
of the global phosphate rock production is coming under
the control of state companies, particularly in China and
Morocco. Mew (2016, p. 1010) calculated that “government-
controlled companies accounted for two thirds of global
phosphate rock production in 2013.” I will elaborate on this
in the next section.

Current overview of the phosphate industry:
strategic resource

Since the USA has become a net-importer of phosphate rock,
it shares some interests with the EU, which is also strongly
dependent on imports of phosphate rock and has a strongly
subsidized agrarian sector with significant political lever-
age, too. However, the USA, unlike the EU, is home to the
most important companies in the phosphate industry, mainly
Mosaic, whose business strategy includes the export of fin-
ished fertilizers. For this group (USA and EU) the access to
the cheap raw material phosphate rock is essential to sup-
ply the domestic fertilizer industry and also the agricultural
sector. The EU has included phosphate rock on its list of
critical raw materials, which are to be strategically secured
(Ridder et al. 2012).

Globally speaking, the decreasing production in the USA
has been offset by a massive increase in production levels in
China. In 2004, China’s production was at roughly 25 mil-
lion tons, but in 2018, it had increased to 120 million tons
and was therefore far ahead of other producing countries,

% Phosphate rock.

7 In their historical comparison of phosphorus scarcity discourses,
Ulrich and Frossard (2014) also include an earlier debate in
1938/1939 that only took place in the USA.

which were led by Morocco (34 million tons) and the USA
(25 million tons) while other countries in the MENA-region
have a much smaller production, such as Jordan (8.2 million
tons) and Tunisia (3.7 million tons) (Jasinski 2020).

By 2001 China had become a leading exporter of phos-
phate rock, while importing large amounts of finished ferti-
lizers. However, within a few years, the Chinese government
successfully pursued a strategy of domestic value creation
and quadrupled the production of phosphate fertilizers
between the year 2000 and 2006, effectively displacing US-
imports (Rahm et al. 2007, pp. 1-2). In the wake of the 2007
price spike, the Chinese government installed an export tax
on phosphate products, as well as a national reserve system
and declared phosphate rock the third most important stra-
tegic resource (Wellstead 2012). Although this strategy is
primarily oriented towards supplying the domestic market,
China also exports phosphate fertilizer, but not the raw mate-
rial phosphate rock (OEC® s.a. 2022). China also holds the
2nd largest reserve of phosphate rock, with an estimated 3.2
billion tons (Jasinski 2020).

However, this number is dwarfed by the reserves of
Morocco, which are estimated at 50 billion tons, some of
which is in the occupied territory of Western Sahara (Jasin-
ski 2020). The policies in Morocco and other producing
countries of the MENA region, such as Jordan, are less ori-
ented towards the domestic markets (which are very small),
but like China, these semi-peripheral countries are increas-
ingly asserting their own interests by increasing their share
of revenues from phosphate rock exports, on the one hand,
and by increasing domestic value creation through exports
of finished fertilizers or intermediate products, on the other
(Ridder et al. 2012).This shows that, while geological scar-
city might become relevant in the long term, currently there
are rather politically-induced scarcities (export tariffs and
domestic value creation in phosphate producing countries)
that constitute a problem for the business as usual and the
interests of transnational agribusinesses.

Assuming that phosphate consumption per hectare will
remain relatively constant (for possible deviations cf. “Bio-
economy strategies and new technologies”), a far-reaching
realization of bioeconomy strategies is likely to increase
demand for phosphate rock drastically and perpetuate these
conflicts of interest. To give two examples: in Brazil, around
10 million hectares of sugar cane are cultivated for bioetha-
nol production (Boyer 2019, p. 183ft.). But the IPCC (2018,
p. 20) calculates that it could be necessary to expand the
global area planted with energy crops to up to 600 million
hectares, which is more than the size of the entire Brazil-
ian territory. In a similar way, strategies with a stronger

8 The Observatory of Economic Complexity (OEC) is a visualization
of UNCTAD trade data. https://oec.world/.
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biotechnological focus need an agricultural resource base.
Miriam Boyer (2019, p. 183ff.) calculates that an additional
6.8 million hectares of arable land is needed for the produc-
tion of isoprene for car tires in a bacterial process, instead
of using petroleum. These two examples illustrate that bio-
economy strategies intensify the problems around phosphate
supply that have surfaced during the crisis of cheap nutrient
supply. Even if the crops used for bioeconomy strategies
will not compete with food crops (which is highly question-
able), the demand for fertilizers is going to increase. This
can lead to rising fertilizer prices and increased agricultural
production costs. Hence, a bioeconomy which continues to
function as an extractive system is going to increase global
inequalities via the mechanism of nutrient flows.

On the other hand, the potential of such a bioeconomy
depends on the access to cheap (phosphate) fertilizer, which
cannot be seen as automatically given. In early 2021, ferti-
lizer prices started to increase, along with many (primary)
commodities and reached the highest levels since 2008
(IndexMundi 2022). The war in Ukraine will accentuate
this trend, not only because of energy costs. Russia is also
the most important supplier of phosphate rock in Western
Europe and the Russian company Eurochem controls large
parts of the phosphate derivate market with important opera-
tions in Lithuania and Belgium (Eurochem 2022). The dis-
ruptions of the war will further aggravate conflicts around
the access to sources of phosphate rock and around the con-
trol over commodity chains. These conflicts have already
surfaced during the last decades as the following section will
show with a focus on South America.

Contested commodity chains
in the phosphate industry

New phosphate frontiers and the concentration
of market power

Brazil is a particularly relevant country for the question of
nutrients in an emerging bioeconomy, particularly from a
German perspective. First, Brazil is a strategic partner of the
German bioeconomy strategy (BMEL 2014), which largely
rests on agro-imports since the domestic arable land is far
too small to substitute non-renewable resources at a constant
level of resource consumption. Brazil in turn has strategi-
cally positioned itself as an agro-exporter even before the
Bolsonaro-administration (Wilkinson 2019; cf. Sect. 2).
Second, the Brazilian agricultural sector is highly depend-
ent on fertilizers, particularly in the agricultural frontiers in
the Cerrado and Amazon regions, where savanna and rain-
forest are transformed into agricultural land, mostly for soy
cultivation. Since these soils are often deficient in nutrients,
the application rates of fertilizers are among the highest in
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the world. According to the Mosaic company, half a ton of
chemical fertilizers is needed to bring one hectare of new
land into production (Rahm 2015, p. 18).

Third, Brazil has a small national production of phos-
phate rock, but is highly dependent on the world market for
phosphorus fertilizers (OEC 2022).

Therefore, the Brazilian national development bank
BNDES started to put the problem of fertilizer supply on
the political agenda, claiming that the “external dependency
in a strategic sector for agrobusiness and for the country is
preoccupying®” and that it could become “an obstacle for
the production and competitiveness of Brazilian products'’
(BNDES 2010).

The BNDES still holds a minority share (12%) in the
transnational mining company Vale, which was a state-
owned company until its privatization in the mid-1990s.
Under the center-left governments of Lula da Silva
(2003-2011) and Dilma Rouseff (2011-2016), Vale became
a central actor in the national fertilizer strategy. Vale cre-
ated a subsidy called Vale Fertilizantes that took over
almost the entire fertilizer sector in Brazil with the goal of
“supply[ing] the Brazilian market and help[ing to] develop
the country’s agriculture” (Vale Fertilizantes 2016). Similar
to the semi-peripheral countries mentioned above, through
Vale Fertilizantes the government tried to control the phos-
phate commodity chain from the mine to field. However,
Brazil only has a number of smaller phosphate mines that do
not produce enough to supply the growing demands of the
agricultural sector. Therefore, the Peruvian phosphate mine
Baydvar assumed an important role in this strategy.

As early as 2005, Vale had won an international tender
for the Baydvar mine in the Northern Peruvian department
of Piura. In only 5 years, the company was able to com-
plete the environmental impact assessment and build the
entire machinery and infrastructure around the mine (Claps
2014). However, shortly before starting the commercial
operation in 2010, Vale sold its minority shares to Mosaic
(35%) and to the Japanese trading house Mitsui (20%). With
this move, the Brazil-based company was able to recover its
entire investment as phosphate prices had increased tenfold
(Reuters 2010).

Peru’s insertion into global commodity chains of phos-
phate fertilizers was completely based on exports of the
raw material phosphate rock, although different generations
of Peruvian politicians and engineers had tried to build a
national fertilizer industry around the Baydvar deposit
since the 1970s (CIPCA/EMRB 1994). However, since the

° Original source: “dependéncia externa é preocupante em um setor
estratégico para o agronegdcio e para o pais”.

10 Original quote: “tornar-se um entrave a producio e 4 competitivi-
dade dos produtos brasileiros”.
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authoritarian presidency of Alberto Fujimori (1990-2000),
a neoliberal, export-oriented strategy became firmly estab-
lished in the political institutions (Crabtree/Durand 2017).

After the inauguration of the Baydvar mine in 2010,
Peru became the fourth most important exporter of phos-
phate rock in the world (OEC 2022). The annual production
of 3.9 million tons is relatively low, but most of the other
phosphate producing countries, first and foremost the USA
and China, do not export phosphate rock, but process it into
fertilizer, often for the domestic market. With a legal frame-
work encouraging direct investment and the entire phosphate
rock production designed for export, the Baydvar mine gives
the involved actors a unique opportunity of direct access to
cheap phosphate rock.

The flow of resources from Peru changed after the year
2016, when the national fertilizer strategy in Brazil found its
end with the impeachment of Dilma Rousseff. In December
2016, Vale Fertilizantes was sold to transnational compa-
nies, with most shares going to Mosaic (Reuters 2016). The
US-American company became the majority owner (75%)
of the Bay6var mine in Peru and started to acquire more
than half of the mine’s annual production (O.E.C s.a. 2022).
This has increased the share of Peruvian phosphate rock
imports in the USA, reaching 87% (Jasinski 2020). With the
direct access to a new cheap source of phosphate, Mosaic
found a fix to declining domestic production and was able to
reconstitute parts of its business based on these imports. The
South American countries were left in a dependent position
of importing or buying from Mosaic, which now controls
large parts of the fertilizer sector in Brazil (Mosaic 2021).

Bioeconomy strategies and new technologies

In the wake of the crisis of cheap nutrient supply, efforts
have been increased to find technological solutions against
rising fertilizer prices. This section presents three of these
strategies that have been developed by different actors.

A: High-precision agriculture

Although not explicitly designed to tackle the problem of
nutrient supply, so-called “high-precision agriculture,”
advanced by the agribusiness sector, can be seen as one
of these strategies. With the help of drones, big data plat-
forms and a new generation of tractors equipped with mani-
fold sensors and screens, the exact composition of the soil
is measured to apply only those nutrients needed in each
square meter with “high precision.” The German bioecon-
omy strategy supports this idea since it allows for a more
“sustainable” use of resources (BMEL 2014, p. 55). How-
ever, high precision agriculture increases the dependence
of farmers on the agribusiness sector, which provides the
new technologies and has a strong interest in its success.

Even competitors such as Monsanto/Bayer and Dupont are
collaborating in joint projects such as the Global-Harvest-
Initiative, together with companies working in completely
different sections such as Mosaic (fertilizers) and John Deere
(tractors) (Suppan 2017, p. 3). The state-owned Brazilian
Agricultural Research Corporation EMBRAPA is also part
of this initiative and is working particularly on a nanotech-
nology-based reduction of fertilizers, which is to increase
yields by 67%. Compared to agricultural revolutions of the
past such as the Green Revolution that increased yields by
more than 200% (cf. above), these self-set goals are quite
modest. It is clear that high-precision agriculture will not
initiate a quantum leap in yield output per acre.

B: Sustainable intensification

A number of large producers in the Center-West Region
of Brazil are experimenting with alternative technologies.
This “new class of mega farmer [is] anxious to explore solu-
tions that lower costs and provide leverage in relation to
the incumbent agricultural inputs players” (Wilkinson 2019,
p. 11f.), who have been mentioned above. More than 2300
producers are organized in the “Sustainable Agriculture
Group” which is collaborating with a local university to
experiment with new crop rotations, conventional seeds, and
organic fertilizers. Particularly in the state of Goias, more
than 250,000 hectares are fertilized with “natural’” nutrient
sources. Among these are plants that fix nutrients in the soil
as well as po de rocha, a powder made from local miner-
als that are rich in nutrients, such as volcanic rock (MAPA
2019). But there is no definite break with conventional meth-
ods: a combination of synthetic and alternative fertilizers is
to increase yields while lowering costs and decreasing the
dependence on the agribusiness sector. Hence, this strategy
mainly has economic motives and less ecological concerns.

C: Nutrient recycling

Another approach to reduce the application of fertilizers
from a finite resource base is being implemented in Ger-
many. According to the new Sewage Sludge Ordinance of
2017 (Klarschlammverordnung), all cities with more than
50,000 inhabitants have to recycle phosphorus!! from their
sewage sludges starting in 2029. This would allow the
reduction of imports of phosphate products by up to 40%
(Deutsche Phosphor-Plattform 2019). Despite the discourse
of a circular economy, after a successful implementation,

" Interestingly, only phosphorus has to be recycled, other nutrients
will still be lost. This confirms the thesis that currently phosphorus
is the critical element or “bottleneck” for the viability of industrial
agriculture.
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phosphate rock extracted from mines would still be the major
source of phosphorus fertilizer in Germany. However, the
German bioeconomy strategy is supporting these efforts of
nutrient recycling (BMEL 2014, p. 64). Leading scientists,
funded by the federal ministry of science and education,
tested different methods of recycling phosphorus, but they
concluded that “[a]ll processes which have been investigated
within this project cannot be run economically efficient yet”
(Pinnekamp et al. 2011, p. iv). Hence, the ministry of envi-
ronment is funding pilot projects with several million euro to
help implement nutrient recycling in Germany (BMU 2017).
But this strategy is not only about environmental concerns:
technologies for recycling phosphorus from sewage sludge,
as well as technologies for producing fertilizers from recy-
cled materials, each have a market potential of up to 100
million euro. Pinnekamp et al. (2011, p. 15) think that it
is important to take advantage of the “dominant” research
and development in Germany to establish a “lead-market”
against the competition of other countries. Hence, this strat-
egy is also about positioning Germany as a business location
for the age of sustainability and securing national interest
against competitors. Regarding the commodity chains of
phosphate fertilizers, in which actors from semi-periphery
have been exercising more control, this strategy provides a
lever to regain control.

The common element of all these strategies is that they
mainly follow economic motives to improve or strengthen
the position of the respective actors in the phosphate ferti-
lizer commodity chain. Furthermore, they are a reaction to
the crisis of cheap nutrient supply and seek to reduce the
consumption of the finite resource phosphate rock. They do
not, however, question the extractive character of industrial
agriculture per se. Hence, when analyzing these nutrient
flows, it is clear that even a bioeconomy that puts these strat-
egies in practice will remain an extractive system.

Conclusion

The article at hand has demonstrated that the presented bio-
economy strategies do not question the production model
of industrial agriculture. This model has historically been
constituted as a through-flow system of open nutrient flows
in which moments of crisis have been overcome by techno-
logical revolutions and the access to cheap raw materials. At
present (2022), the access to cheap fertilizers can be seen as
a central challenge for the viability of industrial agriculture
and the realization of a bioeconomy based on this production
system. It is becoming increasingly difficult and/or expen-
sive to access resources such as phosphate rock, and various
actors are struggling to arrange commodity chains according
to their interests. A far-reaching implementation of bioec-
onomy strategies would intensify these struggles and drive
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up the prices for food, regardless of the question whether
bioeconomy crops compete with land for food crops or not.
This could lead to new outbreaks of hunger similar to those
during the food crises of 2007/2008 and 2011. The food
price escalation in early 2022 has been largely attributed
to the blocked Ukrainian grain exports, but again fertilizer
prices are another important factor in the food price increase.
This is not only because fertilizer prices are related to energy
prices, but because Russia is an important supplier of phos-
phate products, while its ally Belorussia ranks among the
top exporters of potash products. The disruptions of the war
and potential embargos will further tighten fertilizer supply.

Considering the analysis of nutrient flows in this article,
the bioeconomy appears to be an exclusive project which
can particularly be realized by actors who can secure their
access to cheap sources of phosphorus. There is no replace-
ment for this nutrient, and the raw material phosphate rock
is a finite resource that will not be available for far-reaching
implementations of a bioeconomy across the globe. The
technological innovations that are promoted as a part of
bioeconomy strategies can be seen as the respective actors’
attempts to adjust themselves within a new constellation in
which phosphate rock is a contested or strategic resource,
after being considered a “low-cost bulk commodity” for dec-
ades. The strategies do not depart from the main pillars of
industrial agriculture, but they can reduce the through-flow
of nutrients backed by the discourse of sustainability and
efficiency. However, these technologies will not initiate an
agricultural revolution, such as the historical ones consid-
ered above, which provided quantum leaps in productivity
and brought completely new resources into the picture. None
of this is currently on the horizon. Therefore, nutrient flows
and particularly phosphorus supply will continue to be a
politically contested issue.

The insights of this article have been limited in a num-
ber of ways. First, the article is mainly based on secondary
sources as well as online databases. Field research with dif-
ferent actors along the commodity chain is needed to gain
further in-depth insights. Second, a broader focus on dif-
ferent current and/or future bioeconomy strategies around
the globe might reveal more nuanced deviations from the
global through flow system of nutrients. Third, this article
has focused on the access to phosphate rock and has brack-
eted the socio-ecological impacts of mining (Claps 2014)
and fertilizer production (Fortis 2022). Finally, this article’s
focus has been on problems and responses in the mainstream
sector. The perspective of social movements would be an
important part of debates around a socio-ecological trans-
formation. For instance, a politicization of the nutrient prob-
lem in industrial agriculture could also be an argument to
strengthen grassroots alternatives such as agro-ecology and
decentralized recycling systems. The metabolic and political
potential of these strategies should be part of future analyses.
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