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KEY MESSAGES

• The green energy transition will be mineral
intensive. Manufacturing wind turbines, solar
panels, geothermal heat pumps, and batteries is
set to significantly increase demand for so-called
“critical” minerals.

• Forecasts of increased demand for critical
minerals—including as a result of post-COVID-19
stimulus plans—prompt high expectations in
mineral-rich countries and suggest promising
opportunities for developing countries.

• However, projects to increase the primary
extraction of critical minerals rest on bullish
forecasts and uncertain terrain, because of
factors including ever-adapting technology
leading to increased mineral performance;
substitutions due to high mineral prices or
supply scares; reduced primary extraction due
to increased recycling, reuse, and the circular
economy; and greater reliance on agromining
and biomining.

• Investments in the primary extraction of critical
minerals could become obsolete and economically 
stranded. Over-investing in production may
outstrip demand and lead to minimal benefits for
many countries.

• Governments, international actors, and
mining advocates seeking to optimize the
value of green energy mineral reserves should
heed caution when pursuing and promoting
the mining of critical minerals. We provide
specific recommendations.

VOLATILITY IN MINERAL DEMAND 
PROJECTIONS AND THE NEED  
FOR CAUTION

The need for a sense of caution is evidenced by two World 
Bank reports on climate-smart mining. A 2017 report had 
projected a 965% increase in the global demand of lithium 
by 2050, and a six-fold increase in cobalt during the same 
period. However, the figures in the new report released on 
May 11, 2020 are far more conservative, estimating that 
the production of minerals such as cobalt, graphite, and 
lithium could increase up to 500% by 2050. 

The primary explanation for this difference is how 
the World Bank factored recycling and reuse into the 
estimated numbers in 2020, which it had not done in 
2017, and signals the importance of understanding how 
estimates for use of materials might not translate into 
extracting new materials. This distinction is part of what 
we explore below. 

ANTICIPATED MINERAL DEMAND 
IS ALREADY FUELING GREAT 
EXPECTATIONS––AND ACTIONS––IN 
RESOURCE-RICH COUNTRIES

These demand forecasts prompt high expectations. Some 
governments—including Bolivia, Chile, the Democratic 
Republic of Congo, and Western Australia—are already 
taking policy and investment actions to build out and cash 
in on mineral demand prospects.  

http://documents.worldbank.org/curated/en/207371500386458722/The-Growing-Role-of-Minerals-and-Metals-for-a-Low-Carbon-Future
http://documents.worldbank.org/curated/en/207371500386458722/The-Growing-Role-of-Minerals-and-Metals-for-a-Low-Carbon-Future
http://pubdocs.worldbank.org/en/961711588875536384/Minerals-for-Climate-Action-The-Mineral-Intensity-of-the-Clean-Energy-Transition.pdf
https://medium.com/@green_stimulus_now/a-green-stimulus-to-rebuild-our-economy-1e7030a1d9ee
https://medium.com/@green_stimulus_now/a-green-stimulus-to-rebuild-our-economy-1e7030a1d9ee
https://www.resourcepanel.org/reports/mineral-resource-governance-21st-century
https://www.resourcepanel.org/reports/mineral-resource-governance-21st-century
http://documents.worldbank.org/curated/en/207371500386458722/The-Growing-Role-of-Minerals-and-Metals-for-a-Low-Carbon-Future
http://pubdocs.worldbank.org/en/961711588875536384/Minerals-for-Climate-Action-The-Mineral-Intensity-of-the-Clean-Energy-Transition.pdf
https://ccsi.site.drupaldisttest.cc.columbia.edu/content/dont-throw-caution-wind-green-energy-transition-not-all-critical-minerals-will-be-goldmines
https://ccsi.site.drupaldisttest.cc.columbia.edu/content/dont-throw-caution-wind-green-energy-transition-not-all-critical-minerals-will-be-goldmines
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TECHNOLOGY DEVELOPMENTS MAY 
RESULT IN REDUCED DEMAND 

Building hopes on the anticipated boom in demand 
for critical minerals poses serious risks because today’s 
technology—and its associated mining requirements—
can become yesterday’s news at a speed that far outpaces 
the adaptability of mines. Technology development could 
take several pathways leading to reduced demand for 
some commodities:

1. Ever-increasing material performance –e[]]
Lithium-ion batteries are the current commercial
battery of choice, but they have their shortcomings,
and a substantial amount of R&D investment has
been directed to accelerating battery technology as
well as optimizing photovoltaic cell technology for
solar-to-electrical energy conversion.

2. Substituting due to high mineral prices – []][]
When minerals have become economically
problematic in the past, industries adapt their
behaviors to reduce or replace particular minerals.
Such was seen in the 1980s when neodymium iron
boron magnets replaced samarium-cobalt magnets
due to the high price spike of cobalt.

3. Substituting due to supply scares –[]][]-i
Substitutions are also made when minerals become
inaccessible due to political conflicts or leveraging.
China’s ban on rare earth elements to Japan in
2010 prompted Toyota to greatly reduce their use
of terbium and dysprosium in their 2016 Prius, and
Honda eliminated the need entirely.

4. Reduce primary mineral extraction through
recycling, reuse, and the circular economy –
Rapidly evolving technology trends, the abundance
of e-waste, and the push towards a circular economy
signal promising prospects for the reduction in
primary extraction of certain minerals and offer
development opportunities.

5. Exploring increased reliance on agromining
and biomining –  []][] []][] []][]-iver-[]][]-[]][]-i
Certain plants or bacteria can be used to
remove minerals from mine tailings and polluted
soils, or to mine for valuable elements in
mineral-rich soils. These low-impact and low-
cost alternatives to traditional mining can be
highly profitable.

RISKS OF ADOPTING A HERD MENTALITY

Too many countries and companies rushing to produce 
the minerals needed for today’s energy technology 
constitutes serious risks.

1. Risks of overproduction – Production supported
by development agencies and banks can lead to a
flooded market, resulting in a market value crash,
as was witnessed in the coffee sector in the 1990s
when Vietnam—boosted by government assistance—
ramped up production, and more recently in the
70% drop in cobalt prices in 2018 following the
“cobalt rush.”

2. Resource curse and “presource” []] []][] [] []][]
curse risks – Countries rich in non-renewable
resources tend to experience the resource curse.
These countries are also at threat of experiencing
slower economic growth before minerals are
produced due to overly zealous expectations driving
suboptimal behaviors such as risky overspending or
overborrowing—a phenomenon recently dubbed the
“presource curse.”

RECOMMENDATIONS: HOW TO 
HEDGE AGAINST THE RISKS OF 
INFLATED EXPECTATIONS

1. Recognizing that not all minerals will be
the same – Globalized forecasts cannot be assumed
to guarantee positive project results.

2. Considering several factors in evaluating
each project

a. Understanding global levels of investment in any
given commodity: Over-investment in a commodity
can kill the market price for all producers and make
the cost of production the critical factor in a mine’s
success or failure.

b. Understanding competing pathways of industry for
that commodity and risks of technology change:
The more diversified the uses of the commodity, the
more likely it will find a market if one of the uses
becomes outdated.

c. Building scenario and sensitivity analysis capacity: To
assess the viability of a proposed mine, governments
must understand how to model and interpret
different demand and price scenarios.

https://ccsi.site.drupaldisttest.cc.columbia.edu/content/ensuring-economic-viability-and-sustainability-coffee-production
https://internationalbanker.com/brokerage/why-have-cobalt-prices-crashed/
https://www.reuters.com/article/us-congo-cobalt-idUSKBN1O220D
https://resourcegovernance.org/analysis-tools/publications/primer-resource-curse
https://resourcegovernance.org/blog/what-presource-curse
https://www.bcg.com/publications/2018/new-technology-frontier-mining.aspx
https://www.electronics-notes.com/articles/electronic_components/battery-technology/li-ion-lithium-ion-advantages-disadvantages.php
https://usa.honda-ri.com/-/room-temperature-cycling-of-metal-fluoride-electrodes-liquid-electrolytes-for-high-energy-fluoride-ion-cells?inheritRedirect=true&redirect=https%3A%2F%2Fusa.honda-ri.com%2Fresearch-areas%3Fp_p_id%3Dcom_liferay_portal_search_web_portlet_SearchPortlet%26p_p_lifecycle%3D0%26p_p_state%3Dmaximized%26p_p_mode%3Dview%26_com_liferay_portal_search_web_portlet_SearchPortlet_redirect%3Dhttps%253A%252F%252Fusa.honda-ri.com%252Fresearch-areas%253Fp_p_id%253Dcom_liferay_portal_search_web_portlet_SearchPortlet%2526p_p_lifecycle%253D0%2526p_p_state%253Dnormal%2526p_p_mode%253Dview%26_com_liferay_portal_search_web_portlet_SearchPortlet_mvcPath%3D%252Fsearch.jsp%26_com_liferay_portal_search_web_portlet_SearchPortlet_keywords%3Dfluoride%26_com_liferay_portal_search_web_portlet_SearchPortlet_formDate%3D1588805574196%26_com_liferay_portal_search_web_portlet_SearchPortlet_scope%3Dthis-site
https://www.ibm.com/blogs/research/2019/12/heavy-metal-free-battery/
https://www.resourcepanel.org/reports/mineral-resource-governance-21st-century
https://www.resourcepanel.org/reports/mineral-resource-governance-21st-century
https://ccsi.site.drupaldisttest.cc.columbia.edu/sites/default/files/content/docs/Resourcing-Green-Technologies-through-SMED2.pdf
https://ccsi.site.drupaldisttest.cc.columbia.edu/sites/default/files/content/docs/Resourcing-Green-Technologies-through-SMED2.pdf
http://www.metalary.com/cobalt-price/
http://www.metalary.com/cobalt-price/
https://www.scientificamerican.com/article/dont-panic-about-rare-earth-elements/
https://www.reuters.com/article/us-honda-rareearths-idUSKCN0ZS06C
http://www.unenvironment.org/news-and-stories/press-release/un-report-time-seize-opportunity-tackle-challenge-e-waste
http://www.unenvironment.org/news-and-stories/press-release/un-report-time-seize-opportunity-tackle-challenge-e-waste
https://doi.org/10.1787/5jrtknwm5hr5-en
http://www.ethicalcorp.com/how-circular-economy-could-help-developing-countries-grow-sustainably
https://www.springer.com/gp/book/9783319618982
https://www.springer.com/gp/book/9783319618982
https://doi.org/10.1007/978-981-10-1866-4_13
https://doi.org/10.1007/978-981-10-1866-4_13
https://www.routledge.com/Extracting-Innovations-Mining-Energy-and-Technological-Change-in-the/Clifford-Perrons-Ali-Grice/p/book/9781138040823
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3. Understanding economic spillover effects
from new mining technology

a. Local employment, local inputs of goods and services,
shared use of infrastructure, and social development
benefits of a project are among the factors that form
part of a careful assessment of the potential value of a 
proposed mine. Spillover effects must be considered
in the context of the technology and design being
put forward—especially when they reduce local
opportunities—and tied to actual planning, not
theoretical assumptions.

b. Whether the mine provides an anchor for economic
diversification (through downstream, knowledge
transfer, and horizontal linkages opportunities)
should also be taken into account.

4. Understanding potential fiscal revenues from
a proposed mine

a. Fiscal revenues should be carefully assessed with
government-owned fiscal models taking into account
tax and royalty revenues, tax planning, and treaty-
shopping enabling transfer pricing, profit shifting,
and minimization of withholding taxes on dividends,
among others.

b. Governments must carefully consider the need for
any tax or other incentives, particularly with regards
to tax holidays.

5. Thinking outside the box – The COVID-19-
induced global halt in mining production has also
brought to light the importance of securing a steady
mineral supply chain. New challenges present new
opportunities to rethink old approaches to mining.
For example, governments can proactively sign long-
term agreements and strategic partnerships with
consumer industries or seek to satisfy the increased
mineral demand by exploiting urban e-waste, laying
the basis for a circular economy.

https://ccsi.site.drupaldisttest.cc.columbia.edu/content/employment-mining-and-investments-land-agriculture
https://www.iisd.org/library/igf-guidance-governments-local-content-policies
https://ccsi.site.drupaldisttest.cc.columbia.edu/content/leveraging-mining-related-infrastructure-investments-development-rails-port-power-water-and
https://ccsi.site.drupaldisttest.cc.columbia.edu/content/leveraging-mining-related-infrastructure-investments-development-rails-port-power-water-and
https://ccsi.site.drupaldisttest.cc.columbia.edu/content/community-development-requirements-laws-best-practices-and-community-development-agreements
https://ccsi.site.drupaldisttest.cc.columbia.edu/content/community-development-requirements-laws-best-practices-and-community-development-agreements
https://ccsi.site.drupaldisttest.cc.columbia.edu/content/mining-mirage-reassessing-shared-value-paradigm-light-technological-advances-mining-sector
https://ccsi.site.drupaldisttest.cc.columbia.edu/content/mining-mirage-reassessing-shared-value-paradigm-light-technological-advances-mining-sector
https://www.igfmining.org/tax-incentives-in-mining
https://www.mining.com/chart-covid-19-disrupts-6-9-billion-of-global-mining-output/
https://www.iea.org/articles/clean-energy-progress-after-the-covid-19-crisis-will-need-reliable-supplies-of-critical-minerals
https://www.iea.org/articles/clean-energy-progress-after-the-covid-19-crisis-will-need-reliable-supplies-of-critical-minerals
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