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Summary

The rapid growth of LFP batteries is creating a new and increasingly important source of
phosphate demand. At the same time, phosphate remains an essential and non-substitutable
resource for fertilizer production, making it critical for global food security. The combination of
rising battery demand and a highly concentrated supply chain, dominated by China and Morocco,
creates significant supply and geopolitical risks. The results indicate that phosphate should be
regarded not only as an agricultural resource but also as a strategic raw material for the energy
transition.
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1. Introduction

The global transition to a decarbonized energy system is well underway, driven by a seismic shift
toward electric vehicles (EVs) and grid-scale stationary storage [1], [2]. This revolution is,

Inzynieria Mineralna Styczen - Czerwiec 2026 January - June Journal of the Polish Mineral Engineering Society


https://orcid.org/0000-0002-6693-5955
https://orcid.org/0009-0005-9230-7636
https://orcid.org/0000-0001-8416-4405

fundamentally, a revolution in battery technology. However, the public and political discourse
surrounding this shift has been almost entirely captured by the supply chain vulnerabilities of a
few key minerals [3], [4]. Strong expertise in lithium-related issues is established, the profound
ethical and humanitarian crisis of cobalt mining [5]; and the environmental devastation of nickel
extraction [6]. In response, the industry has aggressively pivoted toward what is seen as a more
stable, ethical, and economical solution - Lithium-Iron-Phosphate (LFP) batteries [6]

This paper argues that this pivot, while delivering important benefits, shifts rather than eliminates
supply-chain risks by creating new demand for phosphate. This pivot, along with the development
of next-generation sodium-ion batteries (like NFPP) [7], is creating a rapidly growing new demand
for one of the most critical, non-substitutable, and geopolitically concentrated minerals on Earth
as phosphate [8].

This creates a strategic vulnerability that has received far less attention than lithium or cobalt. This
introduces direct competition between the energy transition and global food production for the
same finite resource as the battery industry begins to compete with the fertilizer industry for the
exact same finite resource.

The objective of this study is to quantitatively assess the demand for phosphates generated by the
battery sector and to analyse the potential implications of this growing demand for global supply
chains.

1) How rapidly is phosphate demand increasing as a result of the expansion of LFP batteries
and battery energy storage systems (BESS)?

2) What is the current and projected future scale of phosphate use by the battery industry?

3) What risks to raw material security and food security arise from the concentration of
phosphate mining and refining activities?

This study employs a quantitative analytical approach based on secondary data obtained from
reports published by the International Energy Agency (IEA), BloombergNEF (BNEF), the United
States Geological Survey (USGS), and relevant scientific literature.

In the first stage, data were collected on global phosphate supply chains and the overall use of
phosphates across the economy. Subsequently, the global battery market for electric vehicles
(EVs) and battery energy storage systems (BESS) was examined, with particular attention given
to the market share of Lithium Iron Phosphate (LFP) technology within these segments.

A stoichiometric approach was then applied to estimate the minimum phosphorus pentoxide (P20Os)
requirements associated with LFP cathode material production. Market deployment data expressed
in GWh were converted into cathode active material (CAM) demand using conversion factors
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developed by Argonne National Laboratory. The corresponding demand for P-Os and phosphate
rock was subsequently calculated under different ore-grade assumptions (28 - 39% P.Os content),
enabling the development of both low- and high-demand resource scenarios [21].

The quantitative analysis was complemented by a qualitative assessment of the risks associated
with the structure of the global phosphate supply chain, including the concentration of mining,
reserves, and refining capacity, as well as the resulting geopolitical and socio-economic risks.

2. Literature review

The widespread adoption of Lithium-Iron-Phosphate (LFP) cathodes represents a defining shift in
battery technology, driven primarily by superior safety, prolonged cycle stability, and favorable
resource economics compared to conventional layered oxide chemistries, such as Nickel-
Manganese-Cobalt (NMC) and Nickel-Cobalt-Aluminum (NCA)[4], [9]. This pivot is
foundational for the rapidly expanding Electric Vehicle (EV) and Battery Energy Storage System
(BESS) markets.

For large-scale applications where safety is paramount, LFP offers a significant technological
advantage due to its intrinsic thermal stability [9]. This characteristic is a key driver allowing LFP
to displace nickel-based cathodes.

The intrinsic safety of LFP-based materials is quantitatively supported by their high thermal
decomposition thresholds. Pure lithium iron phosphate (LiFePO4, LFP) begins to decompose at
temperatures of approximately 350 °C [10], [11], [12]. An even higher degree of thermal stability
is observed for lithium manganese iron phosphate (LiMn.FeiPOs, LMFP), a higher-energy-
density derivative, with decomposition initiating at around 450 °C [10].

These characteristics stand in stark contrast to those of layered ternary cathode materials with high
nickel content. In fully charged Lii«CoO2, oxygen (O:) release begins at temperatures above
180 °C, while in Li1-«NiOx, this process occurs above 250 °C [13]. This behavior is associated with
reduced structural stability at elevated temperatures, which significantly increases the likelihood
of exothermic reactions and thermal runaway.

The significantly higher temperature threshold of LFP means the material is far less prone to
thermal runaway compared to NMC/NCA materials, a factor critical for consumer confidence and
regulatory approval in large-format batteries [9].

Historically, LFP technology was considered less suitable for high-performance EVs due to its
lower cell-level energy density. However, technological advantages and improved pack-level
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designs have significantly reduced the gap in gravimetric energy density at the battery pack level

[4], [9].

The excellent thermal stability of LFP allows manufacturers to reduce the mass and complexity of
thermal management and safety systems within the battery module and pack [4], [9]. In addition,
the adoption of cell-to-pack (CTP) architectures eliminates certain intermediate components,
thereby reducing inactive mass and improving the overall structural efficiency of the system [4].

As a result, despite lower material-level energy density, LFP battery packs achieve values
comparable to NMC-based technologies. Typical energy density for LFP packs is around
140 Wh/kg, while NMC-based packs reach approximately 160 Wh/kg [9]. Although a gap still
exists, it is significantly smaller than at the individual cell level, highlighting the importance of
structural and system-level design in modern battery packs. A key increasing the attractiveness of
LFP technology is its cost competitiveness. These batteries are on average about 30% cheaper per
kilowatt-hour (kWh) compared to NMC batteries [1], [4].

This is primarily due to the use of widely available and inexpensive raw materials such as iron and
phosphates, which facilitates large-scale production and reduces dependence on critical materials.
In contrast, high-nickel NMC cathodes require more expensive and geopolitically sensitive
elements such as nickel and cobalt [9]. Ongoing technological innovations further strengthen
LFP’s position in the EV market. New-generation LFP batteries introduced in 2024 demonstrate
the ability to achieve ranges of up to 1 thousand km and enable ultra-fast charging, reaching full
charge in approximately 15 min[4][14], [15] This indicates that LFP is no longer limited to low-
cost segments but is becoming a viable alternative even in more demanding applications.

LFP chemistry is the prevalent lithium-ion battery chemistry in the stationary energy storage
market [2]. This dominance stems from LFP's intrinsic qualities that prioritize longevity and safety
over raw energy density, which is often less critical in fixed installations.

LFP is renowned for its excellent cycle stability and long lifespan. The structural robustness of the
olivine phase materials ensures that the lithium extraction/insertion process is highly reversible,
allowing for prolonged operational life essential for BESS applications[9], [10].

Furthermore, LFP cells are able to maintain long-term performance even when operated at a 100%
state of charge when required, whereas NMC batteries are typically limited to an 80% state of
charge to prevent accelerated degradation [1].

The combination of superior safety, longevity, and low cost has driven LFP's rapid market
penetration. LFP supplied less than 10% of the global electric car battery market in 2020 but
increased to nearly 50% by 2024, demonstrating its established technical competitiveness across
both mobile and stationary sectors[4].
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3. The global phosphate supply chains and the overall use of phosphates across the
economy

The new, rapidly accelerating demand for battery-grade phosphate does not enter a vacuum. It
directly impacts a mineral supply chain that is already one of the most critical and geopolitically
concentrated on Earth. Unlike lithium, cobalt, or nickel, phosphate has no substitute in its primary
market, and its supply is controlled by a duopoly that is even more concentrated than Lithium.

Currently, China dominates global phosphate production (110 Mt, which is about 44% of global
production - vide Fig. 1), while Morocco controls the vast majority of global reserves (50 Gt,
which is about 69% of world reserves). This means that China has the greatest influence on current
supply, while Morocco has strategic control over the long-term availability of this resource [8].

Reserves

l 50,000,000

Production / 30,000

14%

® China = Morocco United States
Russia = Jordan » Saudi Arabia
® Others

Fig. 1. Global reserves and global production of phosphate in 2024_
Source: Own elaboration based on [§]

However, the principal bottleneck lies not in phosphate rock extraction itself, but in the limited
global capacity to produce battery-grade purified phosphoric acid (PPA). Unlike merchant-grade
phosphoric acid used in fertilizer production, PPA requires significantly higher purity levels and
specialized refining processes. China and Morocco are currently expanding their production
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capacities in response to growing demand from the battery sector. Nevertheless, according to the
IEA's Global Critical Minerals Outlook 2025, China still accounts for approximately 75% of global
PPA production, highlighting the high concentration of this critical stage of the phosphate value
chain [4].

Q‘

» fertilizer/agriculture
» animal feed/feed additives
» LFP batteries

Other uses

Fig. 2. Estimated phosphorus utilization by end-use sector
Source: own calculations based on [16], [17], [18], [19]

The primary use of phosphorus is the production of mineral fertilizers, which accounts for
approximately 88% of global phosphorus consumption, while a further 5.3% is used as an animal
feed additive (Fig. 2) [19]

This highlights the critical role of phosphate availability in supporting global agricultural
production and food security. Unlike many other critical raw materials, phosphorus has no
practical substitute in fertilizer production, further reinforcing its strategic importance. At present,
the lithium-ion battery sector accounts for only around 2.7% of total phosphate rock extraction
[18]

However, projections indicate that this share is likely to increase substantially in the coming
decades, driven by the rapid deployment of phosphate-based battery chemistries, particularly LFP
batteries and emerging phosphate-containing technologies. Such growth may intensify
competition for phosphate resources between the agricultural and energy sectors.
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4. Quantification of battery-driven phosphate demand and supply chain

Criticality the rapid resurgence of LFP chemistry, driven by its technological advantages, has
resulted in the formation of a significant new demand vector for phosphate. This phenomenon is
critical to analyze, as phosphate constitutes a non-substitutable mineral resource indispensable for
fertilizer production [8]. This chapter quantifies the growing requirement for phosphate rock,
transitioning energy-sector demand (GWh) into required phosphorus pentoxide (P2Os) based on a
rigorous, yet conservative, methodology.

Estimating future raw material needs requires synthesizing disparate data sources across the
electric vehicle (EV) and battery energy storage system (BESS) markets.

Market data for electric vehicle (EV) batteries indicate a rapid expansion of global demand, which
has increased from relatively low levels in the early 2010s to over 950 GWh in 2024 (Fig. 3),
reflecting the accelerated growth of the EV sector. A similarly strong upward trend is observed in
the battery energy storage system (BESS) market, where deployments have expanded dynamically
and are projected to continue growing through 2035 [1], [2].
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Fig. 3. EV Battery demand over the years
Source: [1]

Within the EV sector, lithium iron phosphate (LFP) technology has experienced a marked increase
in adoption, driven by its cost competitiveness and safety advantages. Its global market share has
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risen from below 10% in 2020 to approximately 40% in 2024, indicating a substantial shift in
battery chemistry preferences [4].

In parallel, the BESS sector has become increasingly dominated by LFP chemistry, owing to its
superior cycle life, thermal stability, and economic performance. As a result, LFP has emerged as
the leading lithium-ion technology for stationary energy storage applications. Long-term forecasts
suggest that continued cost reductions and scaling effects will sustain this growth trajectory,
further reinforcing the central role of LFP in both mobility and grid-scale energy storage systems

[2].

Tab. 1. LFP Battery Capacity Deployments (GWh)

\ EV LFP (GWh) BESS LFP new (GWh) Total LFP (GWh)
2022 212 16 228
2023 317 57 374
2024 476 131 607

Source: Own calculations based on IEA[1] and BNEF [2]

Table above (Tab. 1) illustrates the rapid growth of LFP deployment, with total demand increasing
from 228 GWh in 2022 to 607 GWh in 2024. While EV applications remain dominant, BESS
exhibits a significantly higher growth rate, indicating its increasing contribution to overall LFP
demand and the expanding role of stationary energy storage.

The aggregated LFP capacity (GWh) is converted directly into the required LFP cathode active
material (CAM) mass using a fixed conversion factor of 2202 t/GWh, as reported by Argonne
National Laboratory [20]. This approach enables a direct estimation of material demand
corresponding to the expansion of LFP deployment.

The results presented in table below (Tab. 2) indicate a rapid increase in LFP CAM requirements,
rising from 502 kt in 2022 to 1338 kt in 2024, it has growth approx. 63%. This trend is primarily
driven by the EV sector, where CAM demand increased from 466 kt to 1049 kt, maintaining its
dominant share in total consumption.

Tab. 2. LFP cathode active material (CAM) demand

EV CAM (kt) BESS CAM (kt) Total CAM (kt)
2022 466 36 502

2023 698 126 824

2024 1049 289 1338

Source: Own calculations
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However, the BESS segment exhibits a markedly higher growth rate, expanding from 36 kt in
2022 to 289 kt in 2024 (change 183%). Consequently, its contribution to total CAM demand
increased substantially, signaling the rapidly growing importance of stationary energy storage as
an additional driver of LFP material demand.

Overall, the data demonstrate not only the scale of material requirements associated with LFP
adoption but also a clear structural shift toward a more diversified demand base across mobility
and energy storage applications.

A key limitation of publicly available data is the lack of specific, commercial data on purified
phosphoric acid (PPA) consumption per unit of CAM. Therefore, theoretical calculation is
employed to determine the baseline minimum P>Os demand, representing the raw stoichiometric
requirement under ideal 100% efficiency conditions.

Tab. 3.Theoretical minimum P>Os demand

EV P:0s (kt) BESS P05 (kt) Total P2Os (kt)
2022 210 16 226
2023 314 57 371
2024 472 130 602

Source: Own calculations

To convert the baseline P2Os demand into the necessary raw material extraction, a range of
phosphate rock grades is applied. Marketable sedimentary phosphate ore typically contains 28—
36% P20s, while preferred igneous phosphate ore typically contains 35-39% P»,0Os. Using the
minimum (28%) and maximum (39%) values from this range allows for the creation of high and
low-risk demand scenarios for phosphate rock extraction [21]

Tab. 4. Phosphate rock demand by ore grade and share of global supply

) hi f global
Low-grade ore (28% Mid-grade ore (33.5% | High-grade ore (39% Share ~ of  globa

production  (mid-

P,05) (kt) P,0s) (kt) P,0s) (kt) orads)
2022 807 674 579 0.31%
2023 1324 1107 951 0.48%
2024 2150 1797 1543 0.75%

Source: Own calculation based on [21]

The convergence of steep EV and BESS growth, as quantified in tabele (Tab. 4) and shown in
figure below (Fig. 4), translates into a substantial and rapidly escalating demand for phosphate
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rock. The central issue is not the current total volume of this new demand, but its exponential rate
of growth relative to the total global supply. As the analysis based on market data and USGS
production figures shows, the share of global phosphate rock production consumed by the battery
industry has risen from 0.31% in 2022 to 0.48% in 2023, and again to 0.75% in 2024.

BESS Sector Phosphate Rock Demand from LFP Batteries (2022-2035)
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Fig. 4: BESS sector phosphate rock demand from LFP batteries (2022-2035)
Source: Own calculations based on [2], [8], [20].

While these percentages may seem small in isolation, they reveal a fundamental market
dislocation. A comparison of the Compound Annual Growth Rates (CAGR) from 2022 to 2024,
based on the data in tabele (Tab. 5) and USGS reports [8], illustrates an alarming disparity.

Tab. 5. Compound Annual Growth Rates (2022-2024)

Demand ‘ Period CAGR (%)
Global Phosphate Rock Supply 2022-2024 4.45
Phosphate-for-Batteries Demand 2022-2024 63.22

Source: Own calculations based on [8]

This trend is the central quantitative finding of this paper. The new, high-tech demand from the
energy sector is expanding at a rate more than 14 times faster than the mature, low-growth mining
industry that supplies it. This creates a clear quantitative bottleneck, where a new and rapidly
expanding consumer is placing unprecedented stress on a finite annual supply capacity.
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The challenge extends beyond the sheer scale of demand and is further intensified by qualitative
constraints within the supply chain. According to the IEA [4], the production of LFP cathode
materials requires high-purity Purified Phosphoric Acid (PPA), rather than the widely available
Merchant Grade Acid (MGA) commonly used in fertilizer production. Consequently, the rapid
expansion of LFP battery manufacturing increases demand not only for phosphate rock in general,
but specifically for limited high-grade phosphate resources and the specialized refining capacity
needed to produce battery-grade PPA. As a result, the convergence of rapidly growing battery
demand and highly concentrated refining capabilities constitutes a significant supply chain
vulnerability. This qualitative mismatch may create even greater strategic risks for LFP supply
chains than those associated with conventional nickel-based battery chemistries.

5. Strategic risks associated with growing battery-driven phosphate demand

The growing adoption of LFP batteries and other phosphate-based battery technologies is creating
a new source of demand for phosphate resources. However, phosphorus remains primarily a
critical input for agriculture and global food security. Approximately 88% of global phosphorus
consumption is used for mineral fertilizer production, and no practical substitutes exist for
phosphorus in this application []. Consequently, further growth in phosphate demand may
contribute to rising fertilizer prices and place additional pressure on global food systems. Historical
experience from 2008 and 2022 demonstrates that disruptions in phosphate markets can rapidly
translate into higher fertilizer costs, increasing food prices, and deteriorating food security.

Another significant source of risk is the high geographical concentration of phosphate mining,
reserves, and refining capacity. The dominant position of China and Morocco in the global
phosphate and purified phosphoric acid (PPA) supply chain increases market exposure to
geopolitical disruptions, trade restrictions, and political decisions. The significance of this risk was
highlighted by events in 2023-2024, when China imposed export restrictions on phosphate
fertilizers to safeguard domestic food security and stabilize local market prices. This case
demonstrates that, for strategically important resources, national priorities may take precedence
over the needs of the global market, affecting both the agricultural sector and the rapidly expanding
battery industry.

6. Conclusion

This analysis demonstrates that the rapid adoption of LFP batteries, while delivering clear safety,
cost and performance advantages, is generating a new and rapidly expanding demand for
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phosphate. Between 2022 and 2024 alone, the battery sector’s share of global phosphate rock
production rose from 0.31 % to 0.75 %, with demand growing at a compound annual rate more
than 14 times faster than the underlying supply. Projections indicate this share could reach 2.5 -
3 % by 2035 under current trends, concentrated in the high-purity PPA segment that is already
capacity-constrained.

The strategic implication is clear: the energy transition is now in direct competition with global
food production for a non-substitutable mineral whose supply is among the most geopolitically
concentrated on Earth. This vulnerability has received far less attention than lithium, cobalt, or
nickel, yet it carries material implications for both energy security and agricultural stability.

To mitigate these risks, several targeted measures warrant consideration. First, strategic
stockpiling and diversification of high-purity PPA refining capacity should be prioritized by major
battery-producing regions. Second, accelerated development of phosphate recycling technologies
from end-of-life batteries and agricultural runoff could reduce primary demand. Third, continued
investment in alternative cathode chemistries that minimize or eliminate phosphate should be
supported. Finally, international monitoring mechanisms that track the food-energy nexus for
phosphate - analogous to those already in place for lithium - would help anticipate and manage
future tensions. The IEA Global Critical Minerals Outlook 2025 underscores that this refining
concentration for phosphate now surpasses China’s share in lithium and nickel processing, making
the food-energy nexus a priority for diversification efforts.

By addressing phosphate demand proactively, policymakers and industry can ensure that the
benefits of safer, lower-cost batteries do not come at the unintended expense of global food
security.
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