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Critical minerals (CMs) value chains are central
to the global energy transition and the strategic
development goals of economies worldwide,
shaping industrial policy agendas in both the
Global North and Global South.! While major
Western economies have focused on friend-
shoring and supply de-risking strategies such
as the United States Inflation Reduction Act
(2022) and the European Union Green Critical
Minerals Act (2023) to secure stable mineral
supply,® low-and-middle income countries
(LMICs) with mineral deposits have pushed for
critical-mineral-led industrialisation strategies
that aim to “add value” and “upgrade” along
different stages of the mineral value chain.®!

Either through partnerships with major
economies and international organisations
or through resource-nationalist approaches,

Key Messages

->

Despite the rise in mineral
demand, many LMICs with
critical mineral reserves
lack the required productive
capabilities to upgrade

to downstream mineral

processing and manufacturing,
limiting their opportunities to
participate in the value chain.

>

Creating value along a GVC is
not the same as capturing it.
While mineral-rich countries

may be able to “add” value

to the value chain as a whole,

they may struggle to retain
the benefits domestically.

mineral-rich countries continue to pursue
value addition, hoping to capture value from
their resources and translate it into sustainable
socioeconomic development.”! However,
broader structural challenges in CM global value
chains (GVCs), such as ownership patterns

and the control of capital by lead participants,
limit LMICs’ ability to translate resource wealth
into sustainable industrial upgrading and
economic development, making it increasingly
important to assess these limitations and
incorporate them into broader policy planning.

Using an assessment of the product complexity
(PCI) of the copper value chain, and the
economic complexity (ECI) of countries with
major mineral reserves, this knowledge brief
aims to show the following key messages.

_>

Ownership patterns and
governance structures within
GVCs significantly constrain
value-addition and value-
capture opportunities for
mineral-endowed countries
as they establish governance
and access to resources
across the whole value chain.

_>

Technological change and
industrial upgrading are long
processes that the energy
transition may outpace.




Value-addition distribution in the manufacturing of electric cars

FIGURE 1

Extraction
Ore Advanced Battery Cathode Battery Assembly Electric Vehicles
Smelting Refinement Production
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FIGURE 1: VALUE POOL OF THE EV VALUE CHAIN BASED ON DATA RETRIEVED
BY HEINRICH BOLL STIFTUNG ECOLOGY CENTER IN PICKLES (2023).

Extraction Processing

- —

FIGURE 2. STAGES OF THE CMS VALUE CHAIN. EXCLUDING EXPLORATION AND MINING

FIGURE 2
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2. Analytical Framework and Methodology

Key Concepts

GLOBAL VALUE CHAIN:

A globally dispersed and fragmented form of
production in which firms and States engage
in asymmetric trade relationships.

CONDITIONS OF PRODUCTION:

Concept stemming from the Marxian political
economy referring to the material conditions
needed to manufacture a product, such as raw
materials, labour (skills), and infrastructure.

CONDITIONS OF CIRCULATION/EXCHANGE :

Concept from the Marxian political economy
referring to the rules in which trade occurs, and
which actors absorb the financial, social and
ecological costs of manufacturing and exchange.

PRODUCT COMPLEXITY INDEX (PCI):

Ranking of 1224 products developed by Hausman et
al. (2014), which classifies products based on the level
of productive capabilities and know-how required

to manufacture them, with 1 representing the most
complex product. In this context, it is a quantitative
approximation of the conditions of production.

ECONOMIC COMPLEXITY INDEX (ECI):

Ranking that classifies countries based on their
productive capabilities. It is measured based
on the diversity of exports and the comparative
complexity required to manufacture them.

Value Addition vs Value Capture

A crucial distinction in the GVC literature is that
creating value does not mean capturing it. Within a
value chain, value is created through new productive
activity that increases the generated value for the
networks as a whole. On the other hand, value capture
refers to how value is retained and distributed among
GVC participants, and the rules under which this
occurs. Therefore, participation in new segments

of the value chain does not necessarily guarantee
greater value capture that can be reinvested into
objectives that create long-term benefits.

An example of this can be seen in the electric vehicle
market (EV), which in 2023 had an estimated value
of USS7,000 billion, unequally distributed across
stages and GVC participants. According to estimates,
the extraction of cobalt, lithium, and nickel used in
EVs accounts for only 0.6% of value capture, and even
when mineral smelting and processing are included,
value capture reaches only 1.1%, as shown in Figure 1.

DEVELOPMENT SERVICES.

21 GVC Stages and the Complexity
Requirements for Participation

The copper value chain, like many of the other critical
minerals, is an additive one in which production is
internationally fragmented across five main areas
shown in Figure 2: 1) extraction, 2) processing, 3)
component manufacturing, 4) product manufacturing
and 5) recycling. While extraction and processing

are concentrated in LMICs (Chile, DRC, Peru), value-
added segments such as copper wire manufacturing
are controlled by high-income countries like
Germany, the United Arab Emirates and Canada.

To assess the complexity of production requirements
across different stages of the copper value chain,

we mapped the different stages (from copper ore
extraction to advanced manufacturing and recycling)
on the horizontal axis, and the complexity levels
measured by the PCI on the vertical axis. The products
on the x-axis are selected products used in EV
manufacturing. Overlaying this graph, we identified
the top ten countries with the largest copper reserves
(according to the 2025 US Geological Survey Summary)
and ranked them by their ECI. While this is only an
approximation of productive capabilities, this graph
allows us to highlight where countries are more likely
to participate in the value chain based on their current
productive capabilities. While we recognise that

the PCl and ECl values are not directly comparable

in magnitude, they provide a proxy for illustrating
“conditions of production” across the copper industry.

Results showed an increasing level of complexity at

each stage, with a slight decline at the recycling stage.
Countries showed consistent participation results across
product and country complexity, except for Mexico.

The country has a highly complex economy, with levels
comparable to those of China and the United States,
making it, in theory, capable of joining the highest-value-
added stages of the value chain. This result highlights
that even high levels of economic complexity alone do
not guarantee value-chain participation or influence
over the GVC governance or “conditions of exchange.”
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3. Key Findings

Copper products vs PCI

s Product mapping (number - product) 1.MINERAL-RICH COUNTRIES’ ECONOMIC multinational companies headquartered in High Income
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: T8 3@232?? copper and copper alloys, The PCI analysis showed that, except for Mexico, LMICs initiatives. Therefore, control at the extraction stage limits
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—— Peru —— United States China  —— Canada VALUE ADDITION DOES NOT EQUAL VALUE CAPTURE

risks of rapid resource-led industrialisation. Such costs need
to be compared to the promise of long-term socioeconomic
development along the energy transition timeline.

Copper FIGURE 4

Ownership analysis revealed that even in cases with high
productive capabilities, extraction is often controlled by

FIGURE 3. GRAPH COMPARING PRODUCT COMPLEXITY ACROSS EV VALUE CHAIN STAGES (PCI)
WITH THE ECONOMIC COMPLEXITY OF TOP COPPER-RESERVE COUNTRIES (ECI), ILLUSTRATING
FEASIBLE POINTS OF PARTICIPATION WITHIN THE COPPER PRODUCTION SYSTEMS.
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4. Conclusion
and Policy
Implications

Despite the optimism surrounding the rise in
demand for CMs, it is important to consider
that CMs are part of broader GVCs in which
participation depends on pre-existing
“conditions of production” and value capture
on broader GVC “conditions of exchange.”

GVC participation in itself may not lead to value
capture as it is dependent on the “conditions
of exchange” dictated by lead participants,

in this case China and major Western
economies, who not only retain control of

the downstream stages of production, but

also have major ownership of mines, and
capital needed for value-addition initiatives.

Therefore, making CMs an opportunity
in development requires significant
changes to GVC governance, such as:

4.21 Trade and Investment
Policy Flexibility

Open space for industrial policy in trade
agreements: Currently, many international
trade agreements limit countries’ ability
to implement local content requirements,
export controls, and technology transfer
obligations.!®! Such restrictions should

be limited or removed when extraction is
aligned with energy transition goals.

FUNDING

This material has been produced under the Climate
Compatible Growth (CCG) programme, which is

4.2.2 Favourable International
Development Finance

Besides access to finance, countries with
resources should be able to develop and
benefit from their critical mineral sectors
without incurring debt or coercive external
pressures. Currently, a major component
of green finance flows, from both major
Western economies and China, is debt-
based instruments, limiting countries’
ability to capture value at the value-added
stages of the value chain.[®! Furthermore,
there have been reports of weaponised use
of international aid by major economies

to get mining concessions in LMICs.l"!

4.2 4 New International
Regulations to Guarantee
Responsible Corporate
Ownership Structures
and Transparency in
Value Distribution

Create flexible provisions for CMs in Investors-
State Dispute Settlement (ISDS) mechanisms.
Currently, ISDS limit governments’ capacity

to modify royalty regimes and beneficiation,
even in contexts where extraction is
happening to support the energy transition.

Embed development requirements in ESG
frameworks. Value distributions should

be a central part of corporate social
responsibility when it comes to CMs.

Align the Paris Agreement and other
International Law Governance provisions
with Critical Mineral Governance.

Expand transparency initiatives and
reporting requirements, such as the
Extractive Industries Transparency Initiative
(EITI), to create a fairer level playing field
for LMICs with mineral reserves.™

funded by UK aid from the UK government. However,

the views expressed herein do not necessarily
reflect the UK
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We believe the energy transition must be equitable and inclusive. That means
mineral-rich countries and their communities should benefit fully from

their resources. By co-creating information platforms, producing rigorous
research, and building tools for better decision-making, we work to strengthen
equity in how critical materials are used to ensure no one is left behind.

@ CAMBRIDGECRITICALMATERIALS.LAB

HOW WE WORK

We combine independent, interdisciplinary research

with close collaboration across the Global South

to ensure mineral governance is technically sound,
socially just, and climate-compatible. By integrating
engineering, policy, and social sciences, we create
actionable insights that empower governments and
communities to defend their rights, advance their
interests, and navigate the complex environmental, social,
and economic challenges of the energy transition.

OUR TEAM

Blending engineering, policy, and social sciences, our
team finds innovative solutions to complex challenges.
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