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▪ Aim of the talk:

▪ discuss macroeconomic relevance of critical-material markets

▪ Why:

▪ need to understand whether central banks should regularly monitor critical-material markets
(e.g., for inflation-forecasting purposes)

▪ Main aspects analyzed / discussed:

▪ 1) market size; 2) price volatility; 3) substitutability / elasticity of demand; 4) criticality /
vulnerability to shocks

▪ Scope:

▪ Mostly, macro transmission of “normal volatility” (outside war-like scenarios / extreme
value-chain disruptions)

Introduction



Market size



▪ IEA’s Global Critical Minerals Outlook 2024 as a starting point

▪ Six main minerals: copper, nickel, lithium, graphite, cobalt, rare earths (Nd, 
Pr, Dy, Tb)

▪ Estimates of yearly demand (kt of purified material)

▪ 2023 + 2030 NZE scenario

▪ Cross-check IEA with other sources (+ reverse engineering)

▪ Own price data and scenarios applied to IEA’s quantities

Methodology



Market value of demand (USD bn; 2023 avg. prices)

Our estimates of Total largely agree with IEA’s



For comparison: market value of fossil-fuel demand (USD bn; 2023 avg. prices)



Market value by technology (USD bn; 2023 avg. prices)



2030 NZE scenario + stressed prices



▪ Size of main energy-critical materials markets still small (350 USD bn
in 2023, of which 90 bn are energy-related)

▪ In NZE scenario, under additional hypothesis of price stress, size
could surpass 1 tn mark in 2030 (similar to natural gas market)

▪ Does size similar to that of natural gas market imply similar
macroeconomic relevance?

▪ Need to consider other characteristics beyond size (rest of the
presentation)

Highlights



Volatility



▪ Size alone is not sufficient to assess macroeconomic relevance

▪ Price volatility needs to be taken into consideration

▪ Conceptual experiment: imagine the price of a commodity were
completely stable (no volatility). Would it have macro impacts?

Need to assess volatility



Annual price volatility of critical materials and fossil fuels (per cent)

▪ Sample: 2016-2024 (but results do not change materially on 2020-2024 sample)



▪ Theory of storage (strong empirical evidence): commodities that have high (low)
storage costs have high (low) volatility

▪ high storage cost -> small stockpiles -> stockpiles are unable to absorb shocks, which are
absorbed almost entirely by prices

▪ storage costs for main critical materials between 0.5-2% per annum (vs. 5-20% for natural
gas)

▪ For CM index, diversification effects

▪ strong empirical evidence that idiosyncratic factors play a major role

▪ Volatility also related to elasticity of demand (in general, higher for intermediate
goods, such as CM, used to produce durables and investment goods)

Reasons for relatively low volatility



▪ Even if the size of critical material markets reaches the size of the
natural gas market, their lower volatility (especially as a complex)
may limit their impact on macro variables

▪ There are structural reasons for lower volatility (storage costs!)

▪ But volatility may increase. IRENA (2023):

▪ More speculation / market manipulation

▪ More frequent disruptions of mining activities because of climate stress

▪ Higher cartelization (? ambiguous effect according to literature ?)

Highlights



Substitutability



▪ How likely is it that we end up in a price-stress scenario due to
increasing demand?

▪ Much will depend on substitutability.

▪ By definition, critical materials are difficult to substitute

▪ But substitutability can improve due to technological progress

▪ Substitutability is usually difficult to assess because it is application-
dependent, but energy applications relevant for green transition are
few (batteries, wires, motors/generators), so something can be said

The role of substitutability



Aluminum is often (almost always?) a good substitute for copper



Lithium is being replaced by sodium (in low-density applications)



Synthetic graphite is a viable substitute for natural graphite



There are production-ready alternatives (e.g., LFP) to cobalt-based chemistries



Several new battery chemistries contain no nickel



Alternatives to rare earths are being developed



AI’s impact on materials science is disruptive



▪ Decades of investments in green tech and materials science R&D are paying off

▪ Chinese giants like CATL and BYD are now investing several bn USD / year in battery R&D

▪ Several cheap and largely available materials are quickly becoming viable
substitutes of critical materials in energy applications

▪ Rare earths seem to be the most problematic materials, as far as the lack of
production-ready alternatives is concerned

▪ AI’s impact on materials science is disruptive

▪ DeepMind’s GNoME project increased number of known stable crystals by 10X

Highlights



Criticality



▪ Degree of criticality will be an important determinant of macro
impact

▪ Criticality = Use in strategic sectors + Low substitutability + Significant
risk of supply disruptions

▪ High criticality → High risk of price spikes / extreme volatility → Likely
high macro impact

▪ Very hard to assess and measure. Paper is very nuanced about this
topic. Few aspects covered in this presentation.

The role of criticality



▪ By definition, large and persistent drops in the availability of a critical
material can shut down entire supply chains and seriously harm
economies

▪ Basically never happened since WWII, but Russia-Ukraine war and
related natural gas market disruptions have raised concerns that
something similar could happen with critical materials

▪ This tail risk is thoroughly analyzed in BoI paper (Panon et al. 2024)

Risk of extreme supply disruptions



▪ Number of export restrictions on critical materials has increased steadily
worldwide (Kowalski and Legendre 2023)

▪ Mostly export taxes and licensing requirements

▪ Few export prohibitions

▪ More export prohibitions could be disruptive, but (luckily) do not align with
political incentives:

▪ Maintain high tax revenues

▪ Avoid harming local businesses

▪ Extract benefits from controlling the issuance of licenses

Geographic concentration + fragmentation



▪ Criticality is high for most of the IEA’s energy-critical materials, but not (at all?)
for copper:

▪ Large and mature market

▪ Production is not highly concentrated

▪ Significant portion of demand met by recycling

▪ Highly substitutable with aluminum

▪ US: not critical for DOI, critical for DOE; EU: strategic but not critical

▪ 3 out of 32 surveyed criticality studies deemed copper critical (Hayes and McCullough 2018)

Copper is a heavy-weight in terms of market size, but not very critical



▪ Evolution of criticality difficult to predict because of countervailing forces at play

▪ Positive factors:

▪ Increasing substitutability / technological progress

▪ Policymakers’ continued efforts to enhance supply-chain resilience

▪ Rapid progress in recycling (which reduces strategic dependences)

▪ Negative factors:

▪ Fast increasing demand in a strategic sector (energy)

▪ Increased geopolitical fragmentation

Evolution of criticality is difficult to foretell



Conclusions



▪ Macroeconomic impact of developments in critical-materials market may
become material in the medium term

▪ Several factors to take into consideration

▪ Size, volatility, substitutability, criticality

▪ Preliminary assessment reveals several knowledge gaps and absence of
quantitative frameworks to simultaneously account for all the relevant factors

▪ Topics worth investigating

▪ Elasticity of demand

▪ “Transparent” macro models

Concluding remarks



Thank you for your attention!



Background material



▪ Very interesting and comprehensive report

▪ Complemented by Critical Minerals Data Explorer (open, but only
quantities demanded and supplied)

▪ Some estimates of market size (unnumbered charts in report, but no
dataset)

▪ Few details about methodology (hence, need for “reverse
engineering”)

IEA Global Critical Minerals Outlook 2024



▪ Demand estimates and projections (in kt) refer to purified materials
(in some cases abstract statistical concepts), not to minerals:

▪ Grade A copper (99.9% pure)

▪ B39-79 nickel (99.8% pure)

▪ Pure lithium (6.05 conversion factor to lithium hydroxide monohydrate)

▪ Graphite “XL flake equivalents” (natural + synthetic)

▪ Standard-grade cobalt (99.8% pure)

▪ Mix of pure rare earths (Nd 73%; Pr 21%; Dy 4%; Tb 2%)

Critical minerals materials



IEA’s input data (demand estimates in kt of pure material)

2023 2030 Announced Pledges

Total Cleantech Total Cleantech

Copper 25915 6372

Nickel 3104 478

Lithium 165 92

Graphite 4632 1292

Cobalt 215 64

Rare earths 93 16



▪ Department of the Interior (USGS) critical “minerals”:

▪ Commodities analyzed: 65 (54 quantitative assessment + 11 qualitative
evaluation)

▪ Found critical: 50 (36 exceed quantitative threshold + 3 single-point-of-failure
+ all 11 evaluated qualitatively)

▪ Department of Energy critical materials:

▪ Commodities analyzed: 38

▪ Found critical: 18 (of which 5 not included by DOI: copper, electrical steel,
fluorine, silicon, silicon carbide)

United States



United States



European Union

• 70 candidates, 29 found critical + 3 groups (light and heavy REE + platinum group)
• Copper and nickel are strategic, but not critical 



Recycling technology progresses at a fast pace



“Brains outpace mines. Let’s
not let myths outpace truth.”

Large-scale use of a critical material incentivizes search for substitutes

Lovins, A. (2021) “Reality Check: Greener, Friendlier Alternatives
Exist for Rare Minerals in Batteries,” Rocky Mountain Institute.



Your turn to speak



▪ Volatility: Are there factors that might structurally increase the volatility of
critical materials going forward? Or will current moderating factors prevail?

▪ Substitutes: Do you think that the availability of good substitutes will make any
of the “big 6 materials” less critical going forward? Which critical materials are
most affected by the lack of viable substitutes? In your opinion, do existing
analyses properly take substitutes into account?

▪ Criticality: Do you think that copper is a critical material? Why? Are the
methodologies currently used to identify critical materials sound? Is criticality
increasing or decreasing? Are current policies aimed at keeping criticality in check
successful?

Issues for discussion
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