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The concept of critical raw materials initially referred to materials that were essential to
national security but for which supply was limited. It has since been expanded to include
needs associated with the energy and digital transitions, reflecting the increased demand for
metals such as lithium, copper, and rare earths. In a context of geopolitical tensions,
identifying and securing access to these resources has become a strategic priority for
governments and businesses. But how should criticality be assessed? A thesis conducted at
IFPEN, which has been published [12], offers a detailed examination of the issue, highlighting
its complexity.
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Securing access to critical metals for the transitions underway

The concept of critical raw materials emerged in the United States during the interwar period. It related
to materials that were considered to be essential to national security but for which supply was
limited. Since then, the concept has evolved in parallel with shifting strategic priorities, which are now
determined not only by defense, but also by the energy and digital transitions.

 These transitions are driving a sharp increase in the demand for certain metals and minerals (such as
lithium, copper, and rare earths) that are essential to low-carbon and digital technologies [1].
Against a backdrop of growing of geopolitical tensions, securing access to these resources has once
again become a fundamental issue for both governments and businesses. To better anticipate
potential vulnerabilities, numerous public and private players carry out criticality studies aimed at
identifying the most exposed markets [2].

The criticality matrix  

Although there is still no single definition or methodology for assessing criticality, most existing studies
are based on the theoretical framework defined by the National Research Council in 2008. This
approach conceptualizes criticality not as a categorization, but as a continuous measurement
assessed according to two dimensions: importance in use and supply risk. Importance in use is
determined by the cost or impact of a supply disruption, while supply risk represents the probability of
such a disruption. These two criteria are combined in a two-dimensional graphical representation
called a criticality matrix (Figure 1a). The higher up and the further to the right a metal is on this matrix,
the more critical it is considered to be. Thresholds can be applied on both axes to define a list of
critical materials, as illustrated in Figure 1b.
 

Figure 1: Simplified illustration of the criticality matrix and materials classification



However, the determination of these two criteria varies between studies, from the selection of the
indicators used to the way in which they are aggregated.  Numerous articles in the literature question
the relevance of the indicators used and recommend identifying best practices, primarily through the
acquisition of empirical evidence [3-5]. A PhD thesis was therefore initiated at IFPEN to assess the
relevance of one indicator in particular: the geographical concentration of raw material production. 

Definition and use of the HHI Index 

Geographical concentration of production is the most commonly used indicator for assessing supply
risk [6] .  The underlying idea is simple: the more concentrated the production of a metal is in a small
number of countries, the greater the likelihood of supply disruptions due to various factors, including
economic, political, and environmental ones [7].

To measure this concentration, most studies use the Herfindahl–Hirschman Index (HHI), a well-
established tool in economics [8-9]. This index is expressed as the sum of the squares of the
market shares of each producing country. The more production is dominated by one or a few
countries, the higher the HHI will be; conversely, a fragmented market will result in a low index. 
In American competition law, this index is interpreted according to three standard thresholds: a market
is considered to be unconcentrated if the HHI is below 1,500, moderately concentrated between 1,500
and 2,500, and highly concentrated above 2,500 [10]. These same thresholds have been used, almost
unchanged, in criticality studies of raw materials to identify the metals most at risk. However, these
values have never been truly validated empirically in the context of criticality studies.

HHI validity as a criticality indicator 

The research conducted aimed to assess the relevance of the HHI index and associated
thresholds, based on the hypothesis set out by Gleich et al. [11] whereby market prices partly
reflect their level of criticality. Based on this hypothesis, the relationship between the HHI and
prices was analyzed over the period 1994–2021, using data covering 33 strategic metals (Figure 2).
Panel econometric models  were used to study the impact of variations in the geographical
concentration of metal production on price dynamics. 

1 A panel analysis combines data for several entities (in this case, metals) observed over several
years (in this case, between 1994 and 2021).

The results of the study [12] present two major contributions:
-    Firstly, they reveal that fluctuations in the HHI are associated with greater price variations when
production concentration is relatively low. This challenges the widespread assumption that risks are
most acute in highly concentrated markets.
-    Secondly, the analysis does not identify any clear threshold for differentiating between metals with
a high supply risk and those with lower exposure, highlighting the limitations of applying fixed
concentration thresholds in criticality assessments.



Figure 2 : Evolution of production concentration by country (HHI) at the mining stage,
1994–2021
NB: High HHI values indicate a higher concentration of production. Data sources: values
calculated from USGS and BGS data.

Consequently, these findings suggest that relying on the HHI, particularly in combination with
thresholds, may lead to an underestimation of supply vulnerabilities in markets that otherwise appear
to be diversified.

Such interdependencies preclude simplistic interpretations.

More generally, this work highlights the need for caution when interpreting production
concentration as a form of resource weaponisation. Public debates often focus on the potential
risk posed by dominant producers, particularly China, exploiting their position. However, as Massot
[13] points out, the complexity of metal supply chains and their multiple interdependencies make their
effective use for geopolitical purposes much more difficult in practice.
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