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WHALE OIL: A CRITICAL RESOURCE

https://sciencephotogallery.com/
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• Inventors developed new 
oils from natural 
hydrocarbons

• Eventually, petroleum 
production took over in 
the late 1800s

• Disruption: electricity

3Source: Bardi et al. “Lessons from the Case of Whaling in the 19th Century.”
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INNOVATIONS RESOLVED THE SHORTAGE

4
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Are you hunting whales or are 
you working on a lightbulb?
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Review the status of critical minerals supply chains and the geopolitical context for 
economic security

Leverage Lux’s Raw Materials Criticality Framework to assess raw materials 
criticality and supply risk and uncover four outlook scenarios

Build a portfolio of innovation strategies to mitigate raw materials risks and put 
growth on a foundation of resilience
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WHAT TO EXPECT
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WHAT TO EXPECT
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• Production is heavily 
concentrated

• China hosts more than 
60% of refining capacity in 
most value chains

8Source: International Energy Agency (IEA), 2023 (adapted by Lux Research)
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https://www.iea.org/reports/critical-minerals-market-review-2023/implications
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GLOBALIZATION HAS 
SHIFTED INTO REVERSE
Nations are using their resources for 
economic leverage
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SPOTLIGHT ON 
INDONESIA

10Image source: Dialogue Earth

2020 export ban on nickel ore put 
Indonesia in a dominant position 
• Grew nickel market share to 50%

• Spurred downstream industry

https://dialogue.earth/en/climate/introducing-dialogue-earth/
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SPOTLIGHT ON 
CHINA

11Image source: Inter-China Chemical

Critical raw materials are a point 
of leverage in trade wars
• Restricted key mineral exports

• Banned equipment exports​

• Investing downstream overseas

http://www.inter-chinachem.com/
http://www.inter-chinachem.com/
http://www.inter-chinachem.com/
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WHAT TO EXPECT
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RAW MATERIALS CRITICALITY FRAMEWORK

13
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RAW MATERIALS CRITICALITY FRAMEWORK

14

0

2.5

5

0.01 0.1 1 10 100

S
u

p
p

ly
 r

is
k

Criticality

Raw Materials Criticality Framework

Supply Risk
Measure of the resilience of 

the raw material’s supply 
chain based on its 

geographical spread and the 
stability of its producers

Calculated based on a 
combination of the World Bank's 

Governance Index and each 
country's share of the global 

supply
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RAW MATERIALS CRITICALITY FRAMEWORK
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Criticality
Measure of the raw material 

required to meet the projected 
deployment of a technology

Calculated as the proportion 
between the total stock of the raw 

material required and annual 
global raw material production
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WHAT DOES THE FRAMEWORK TELL US?

16

Low Supply Risk
The supply of the raw material is 
diversified and/or sourced from 

low-risk countries.

High Supply Risk
The supply of the raw material is 

highly concentrated and/or 
sourced from high-risk countries.
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WHAT DOES THE FRAMEWORK TELL US?

17

Low Criticality
The demand for the raw material in 

the scenario does not exceed annual 
global production. 

High Criticality
The demand for the raw material in 
the scenario exceeds annual global 

production. 
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4 SCENARIOS

18

Supply Volatility

Long-Term Stability

Growth Limitations

Impending Shortages
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So, what are we
supposed to do now?



© LUX RESEARCH,  INC.   |  All rights reserved.  |  Lux Proprietary and Confidential

01

02

03

Review the status of critical minerals supply chains and the geopolitical context for 
economic security

Leverage Lux’s Raw Materials Criticality Framework to assess raw materials 
criticality and supply risk and uncover four outlook scenarios

Build a portfolio of innovation strategies to mitigate raw materials risks and 
put growth on a foundation of resilience
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WHAT TO EXPECT
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STEP 1 :  ASSESS YOUR RAW 
MATERIALS RISKS

21

STEP 2 :  SELECT YOUR 
INNOVATION STRATEGIES
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Supply Volatility
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Limitations

Impending 
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Novel Sources



© LUX RESEARCH,  INC.   |  All rights reserved.  |  Lux Proprietary and Confidential

VOLATILITY: RARE EARTHS
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Raw Materials Criticality Framework: Solid Oxide Electrolyzers
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VOLATILITY: RARE EARTHS
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Support innovations that supply critical 
materials from waste streams and 
unexpected places

NOVEL SOURCES

https://www.ceibo.tech/
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INDUSTRIAL 
BYPRODUCTS

25Image sources: Impossible Metals (center), Singularity Hub (right)

DEEP-SEA MINING PHYTOMINING

https://impossiblemetals.com/
https://singularityhub.com/
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Once sourced from cryolite, Al was more valuable than Au

FLASHBACK: ALUMINA FROM BAUXITE
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STABILITY: ALKALINE ELECTROLYZERS
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STABILITY: ALKALINE ELECTROLYZERS
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Allocate R&D resources to projects that 
can do more with less

MATERIALS 
OPTIMIZATION



© LUX RESEARCH,  INC.   |  All rights reserved.  |  Lux Proprietary and Confidential

NOVEL 
CATALYSTS

30Image sources, left to right: Mattiq, Nestle, Von Ardenne

MATERIAL 
STRUCTURE

THIN-FILM 
DEPOSITION

https://mattiq.com/
https://vonardenne.com/
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Palladium and rhodium substitute for platinum

FLASHBACK: CATALYTIC CONVERTERS



© LUX RESEARCH,  INC.   |  All rights reserved.  |  Lux Proprietary and Confidential

LIMITATIONS: COBALT AND GRAPHITE
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LIMITATIONS: COBALT AND GRAPHITE
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Identify innovations that can 
functionally replace a material input

ALTERNATIVE 
MATERIALS

https://www.energy.gov/
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ALTERNATIVE 
CHEMISTRIES

35Image sources, left to right: Niron Magnetics, Prometheus Materials, MG Energy Systems

SYNTHETIC 
REPLACEMENT STEER CLEAR

https://www.nironmagnetics.com/
https://prometheusmaterials.com/technology/
https://www.mgenergysystems.eu/en/
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World War II sparked urgent innovation to replace natural rubber

FLASHBACK: SYNTHETIC RUBBER

https://www.sciencehistory.org/
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SHORTAGES IN SOLAR PV
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SHORTAGES IN SOLAR PV
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Maximize recovery of resources from 
products within your reach

RECYCLING & 
CIRCULARITY

https://www.audi.com/en/
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NOVEL 
RECYCLING TECH

40Image sources, left to right: University of Birmingham, BMW, Solvay

DESIGN FOR 
CIRCULARITY

COLLECTION 
SCHEMES

https://www.birmingham.ac.uk/
https://www.birmingham.ac.uk/
https://www.solvay.com/en/
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Electric arc furnaces enabled large-scale secondary steel production

FLASHBACK: STEEL RECYCLING

https://advantagevalley.com/
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STEP 1 :  ASSESS YOUR RAW 
MATERIALS RISKS

42

STEP 2 :  SELECT YOUR 
INNOVATION STRATEGIES
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Your innovation strategy puts 
growth on a foundation of 

resilience 
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1 2 3

Build resilience through 
investment, 
partnerships, and 
innovation.
A multilayered strategy that 
addresses supply risks from 
different angles will be the 
foundation of resilient 
growth in the future.

44

KEY TAKEAWAYS

Understand the 
criticality of commodity 
materials.
The supply of base metals, 
steel, concrete, and 
polymers could become 
bottlenecks to deployment if 
companies don’t manage 
their project portfolios to 
adapt to macroeconomic 
factors.

Technology variations 
result in shifting 
demand. 
Among the several 
technology approaches to 
solve a particular challenge, 
the winners and losers will 
dictate the future supply 
challenges.
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questions@luxresearchinc.com

E M A I L

questions@luxresearchinc.com
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http://www.luxresearchinc.com/blog/ LuxResearch
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LuxResearch
@LuxResearch

F O L L O W

@LuxResearch

Innovation Matters Podcast - Spotify

L I S T E N

Innovation Matters Podcast - Spotify
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THANK YOU

mailto:questions@luxresearchinc.com
http://www.luxresearchinc.com/
http://www.luxresearchinc.com/blog/
https://www.linkedin.com/company/lux-research/
https://twitter.com/LuxResearch
https://open.spotify.com/show/3ApAtkGlVjE83O0hJUePbA?si=f71db90909a44784
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Our mission is to advise leaders about commercially viable 
science and technology to enable sustainable innovation. We 
deliver research and advisory services to inspire, illuminate, and 
ignite innovative thinking that reshapes and grows businesses. 
Using quality data derived from primary research, fact-based 
analysis, and opinions that challenge traditional thinking, our 
experts focus on finding truly disruptive innovations that are 
also realistic and make good business sense.

The “Lux Take” is trusted by innovation leaders around the 
world, many of whom seek our advice directly before placing a 
bet on a startup or partner — our clients rely on Lux insights to 
make decisions that generate fantastic business outcomes. We 
pride ourselves on taking a rigorous, scientific approach to 
avoid the hype and generate unique perspectives and insights 
that innovation leaders can’t live without.
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