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Well, it’s easy. You do the bat signal, just like 

the Police Comissioner of Gotham City.

But then, let’s say you want to invite Robin.

This is hard, 
especially if you 
want him without 
Batman

Because it’s only Batman that can bring him

How to invite Batman to your party?
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Host-Companion Problem

•Modern technologies (PV, wind, EVs, electronics) rely on a 

broad set of metals – Metals like Robin.

•Many of these are not mined on purpose → they come 
out of the ground as by-products.

•Raises a new supply risk: availability tied to host metals.

•Key question: Can demand for companion metals be met 

sustainably?
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•Authors quantified 62 metals (2008 

snapshot).

•61% (38/62) are primarily by-products.

•Companion cluster includes:

•Indium, Gallium, Tellurium, 

Selenium → solar PV.

•REEs (Dy, Tb, Nd, etc.) → wind, EVs.

•Cobalt, Rhenium → superalloys, 

batteries.

Periodic Table of Companionality

Definition: The degree to which a metal is produced as a by-product of one or more host metals (Cu, 
Zn, Ni, Pb, Au, Pt).
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The wheel of metal companionality

•Shows host–companion relationships.

•Examples:

•Cu hosts Se, Te, Mo, Ag.

•Zn hosts In, Ge, Cd.
•Ni/Pt host Co, Ru, Rh, Ir.

•Most companions are tied to 1 or 2 key hosts.
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Companionality Dynamics

•Shows how different metals’ dependence on hosts has 

evolved over decades.

•Stable companions:

•Rhenium → ~70-90% from Mo.
•Silver → ~70% companion, little change.

•Dynamic companions:
•Molybdenum → fell from ~75% (Cu) to ~47% 

(primary mines).
•Cobalt → mix of Co, Ni, Cu ores shifts over time.

•Hosts: 
•Copper, Nickel, Platinum, Gold → mainly mined 

directly.

•Key insight: Companionality isn’t static → supply risks 
can change with new mines, demand shifts, and 
technology.



Other systemic risk in metals supply

Geopolitical risk factors
- Market concentration
- Recycling Rate
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Monopolies

Close to 0 → market is very competitive (lots of tiny players).

Below 1500 → unconcentrated market.

1500–2500 → moderately concentrated.

Above 2500 → highly concentrated. (risk of monopoly/oligopoly)

>5000 → extremely concentrated 

Economic measure of market concentration to understand 

how competitive a market is

Sum the Market Shares (MS) of all firms

Case 2

Case 1
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2D Matrix market concentration vs companionality
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2D Matrix market concentration vs companionality

27/38 metals obtained as companions are not 

recycled

45/63 metals production is highly concentrated 

(production in < 3-4 countries)

20/31 metals with extremely high concentration 

are not recycled
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Economic evaluation of companionality

Who’s the real companion ?

Host

Companion

a companion metal is one that is

financially dependent on other

metals for recovery rather than

merely co-occurring with the host.
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Economic evaluation of companionality

Who’s the real companion ?

Pt and Pd are co-products

Pt is a by-product. Pd is a host.

Pt is a self-sufficient host

Pt is a self-sufficient host

Ni is a self-sufficient host
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Economic companionality assessment

Evaluation of metal economical self-

sufficency

0→ entirely self-sufficient

100 → entirely dependent

To quantify a metal’s companionality, the authors 

weight-averaged the ratio of the metal’s revenue 

contribution relative to cost of sales for each mine 

by each mine’s sales volume of that metal relative to 

its global sales across all operations. 

production 
companionality

economic 
companionality

Pt 16 17

Pd 97 80

Rh 100 48

Ru 100 95

Ir 100 99

Authors find minor changes to generalized 

companionality except for Rhodium.

Companions likely provide only a small contribution to 

the overall revenue and are unlikely to cover a 

significant portion of the cost of sales. 
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Take aways

Modern technology makes use of companion metals 

which supply depends on the host metal.

Market for metal is highly concentrated which increase 

the metal supply volatility

Companion metals are merely not recycled

Companion metals are economically dependent on host 

metals
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Discussion

«It is undeniable that the widespread use of companion metals has resulted in markedly

improved performance in many product sectors. Sustaining those uses may become a

challenge going forward because of the dependence of companion metal supplies on the

production of host metals. [...] much of modern technology depends on metals whose

supplies are uncertain and whose market transactions are largely opaque; in concert,

this produces a supply situation that may prove difficult to sustain.»

If primary production of companion metals becomes constrained, what levers for action exist?
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Other systemic risk in metals supply

Can you think of any  ?

•Ukraine Invasion: Russia's position as a major producer

of nickel and cobalt led to market volatility and concerns

about supply availability following the 2022 events.

•COVID-19 Pandemic: Lockdown policies in countries like
Peru disrupted copper mining, while disruptions in South

Africa's platinum output demonstrated the impact of

regional lockdowns on global supply chains.

•Environmental Policies: Policies aimed at mitigating
climate change have increased the demand for critical

metals like lithium, raising systemic risk for companies

producing these and other important metals.
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