
POLICY BRIEF

Metals in a Low-Carbon Economy: Resource Scarcity, Climate 
Change and Business in a Finite World

Understanding the problem
In the last two decades interest in low-carbon technologies has 
grown as a means of reducing greenhouse gas (GHG) emis-
sions and also increasing energy security. Yet many of these 
technologies depend on a limited number of metals (Table 1) 
that are mined in only a few countries, leading to concerns that 
supply shortages could hinder large-scale deployment of some 
low-carbon technologies.

This policy brief, based on a report written as part of a part-
nership between the business leaders’ initiative 3C (Combat 
Climate Change) and the Stockholm Environment Institute, 
examines the use of five metals in low-carbon technologies: 
cobalt, lithium, neodymium, indium and tellurium. 

We start from the premise that to avoid dangerous climate 
change, GHG emissions must be reduced to keep temperature 
increases below 2°C above pre-industrial levels by the end of 
the century. Achieving this will require systemic change, includ-
ing extensive refurbishment and replacement of energy systems, 
transformation of supply chains, and far-reaching demand reduc-
tion. Existing technologies can achieve this, but only if deployed 
at much larger scales. However, as shown in Table 1, some of 
these technologies rely on specific metals that are scarce.
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Technology Component Metals 

Photovoltaics Thin film Indium, tellurium 

Wind power Permanent magnets Neodymium 

Plug-in hybrid and electric vehicles Batteries Lithium, cobalt 

Table 1: Low-carbon technologies reliant on scarce metals

Key Findings

•	 Low-carbon technologies such as photovoltaics, wind power, and electric and hybrid vehicles 
are likely to play a key role in climate change mitigation. Yet several of these technologies 
depend on metals which are becoming scarce and this could hinder large-scale deployment.

•	 We used a custom-built scenario calculator to estimate future supply and demand for five 
metals – cobalt, lithium, neodymium, indium and tellurium – under three energy scenarios and 
three global minerals market scenarios. We found a severe risk of medium- and long-term 
cumulative deficits of indium and tellurium, a moderate risk of medium-term and severe risk of 
long-term deficits of neodymium, and a limited risk of long-term deficits of cobalt and lithium.

•	 Governments respond to metal scarcity in varied ways, including trade restrictions, support for 
technology advancement, proactive acquisition, development cooperation, and global govern-
ance. Many use international partnerships strategically to secure minerals supply. But most poli-
cies treat mineral scarcity as primarily a technological issue, and focus less on the actual supplies.

•	 Businesses address supply-side risks through recycling activities, vertical integration 
(e.g. acquiring or merging with mining companies) and material substitution, among other 
strategies. Some support strong public-sector efforts to secure supplies and help find techno-
logical solutions. Others, especially multinationals, favour liberalised international markets 
and little government intervention.

Scenarios for critical metal supplies
Our study combines a scenario analysis with a review of gov-
ernment policies and engagement with stakeholders in the 
public and private sectors. We applied three energy scenarios 
from the International Energy Agency (IEA) World Energy 
Outlook 2010, combined with three metals market scenarios 
from the World Economic Forum (WEF) Mining and Minerals 
Scenarios 2010. Box 1 describes the scenarios applied.



Our analysis explores different combinations of the IEA and 
WEF scenarios to assess the scale and uncertainty of metal 
supply under different potential demand- and supply-side fu-
tures, and considers additional issues such as technology de-
velopment, growth in mining, efficiency of use, innovation, 
metal uptake and recycling. Using a custom-built “scenario 
calculator” developed with SEI’s open-source IPAT-S scenario 
modelling software, we estimated the quantity of metal avail-
able under each scenario combination in 2008, 2020 and 2035, 
and the cumulative surplus or deficit by 2035.

Figure 1 outlines the structure of the metals model. We found 
that there would be:

• Severe risk of medium and long term CSD (cumulative sup-
ply deficits) of indium and tellurium;

• Moderate risk of medium-term and severe risk of long-term 
CSD of neodymium; and

• Limited risk of long term CSD of cobalt and lithium.

Figure 2 shows the annual deficit for 2035.

Such shortfalls could indeed hinder the transition to a low-car-
bon global economy. However, this outcome is not inevitable: 
both the public and private sectors can take action to reduce 
the risks, and indeed, there is evidence that they are already 
doing so. Conversely, some choices may exacerbate problems 
and imperil the future of the low-carbon economy.

Factors affecting metals supply
Metals can come from two sources: primary supply, which is 
produced from mining virgin materials from environmental 
stocks, and secondary supply, which is produced from recy-
cling metal from end-of-life products. 

Primary supply is affected by the absolute availability of the 
metal in the environment, the economics of production, access 
to reserves and produced material, and the environmental and 
social impacts associated with production. Political events, 
economic fluctuations, and government actions – taxes, pur-
chasing, environmental regulations, trade policies – can all 
have an impact. Mine production itself cannot adapt quickly 
to changes in demand, and this makes prices highly volatile.

Technology can increase productivity – for example, through new 
machinery, improved processes and the use of computer control 
systems. However, the best technologies are not always used, and 
they may also be applied ineffectually. Recycling, meanwhile, 
could ease pressure on primary supplies, but is constrained by 
logistical, technological and economic factors. Recycling efforts 
are likeliest to succeed once prices for raw materials rise enough 
to make the costly recovery process economically viable. 

Factors affecting demand for metals
The potential to reduce consumption of scarce materials in ex-
isting production processes through waste management or lean 
production is minimal. The scarcity and price of these materi-
als has already led companies to develop production processes 
that maximise efficiency and minimise waste production. 

Low-carbon technologies do not all use the same scarce 
metals and the share of technologies using a specific metal 
may change over time. Some technologies may apply alter-
native, cheaper or more readily available materials, depend-
ing on manufacturers’ production methods and markets. Yet 
demand for some metals can also rise. For example, lithium Figure 1: Metals scenario model schematic

Box 1
Energy demand  and emission  
scenarios:

IEA Current Policies Scenario:   
A baseline scenario in which only poli-
cies already formally adopted and im-
plemented are taken into account.

IEA New Policies Scenario: This sce-
nario assumes that existing policy com-
mitments and plans for environmental 
protection or energy security are car-
ried out, though in a cautious man-
ner. This includes emission reduction 
commitments under the Copenhagen 
Accord and agreements to phase out 
fossil-fuel subsidies.

IEA 450 Scenario: In this scenario, 
energy-related emissions follow a 
trajectory that keeps CO2 concentra-
tions below 450 parts per million (ppm) 
in the long run, but only after an initial 
overshoot. Thus this scenario fits our 
definition of a “low-carbon economy”, 
but not very robustly, since it postpones 
aggressive action to reduce emissions, 
and implies substantial carbon seques-
tration after 2035.

Availability of supply scenarios:

Green Trade Alliance: The world 
is divided and countries are defined 
economically by whether they be-
long to the Green Trade Alliance 
(GTA), formed in 2016 to promote 

“environmental sustainability without 
compromising competitiveness.”

Rebased Globalism: The world is com-
mitted to realising the benefits of global 
interconnection but has become far 
more complex and multi-polar. Power 
comes from control of resources as well 
as possession of capital, with resource-
rich countries playing by their own rules.

Resource Security: The era of glo-
balisation is a distant memory as na-
tions prioritise narrow self-interest. They 
hoard domestic resources, enter cartels 
based on regional and ideological al-
liances and resource blocs, and en-
gage in neo-colonialism and import 
substitution strategies.



scenario, in which countries prioritise narrow self-interest, 
hoard resources, form cartels, and engage in neo-colonialism, 
among other strategies, leads to much-larger deficits of cobalt 
and lithium when combined with the IEA 450 scenario. More 
notably, these global projections may mask significant coun-
try-by-country variations; WEF’s own analysis suggests such 
policies may exacerbate scarcity problems.

To examine how countries are actually grappling with these 
issues, we relied on a 2009 comprehensive global review of 
scarce metals policy published by The Hague Centre for Strategic 
Studies. The review identified six realms for intervention, each 
with several available policy instruments: national governance, 
trade restrictions, technology advancement, proactive acquisi-
tion, development cooperation, and global governance.

National approaches vary considerably, but the Hague Centre 
analysis found several common trends. First, policies view 
mineral scarcity as primarily a technological issue, and 
view technological innovation as the top solution. Second, 
there is a limited focus on scarcity in policies; except for 
the United States, China and Japan, most countries focus their 
policies on technological advancement and environmental 
sustainability, not on securing supplies. Finally, the analysis 
shows that international partnerships are used strategically 
to secure mineral supply. A number of countries aim to cre-
ate open markets and an international level playing field, both 
to secure a steady flow of mineral resources, and to promote 
openness in pricing and trading. International rules and regu-
lations – and the institutions that implement them – can also 
play a critical role.

use in hybrid electric vehicles has grown as manufacturers 
have switched to lithium ion batteries from the more common 
nickel metal hydride (NiMH) batteries. It is also important to 
remember that scarce metals also have other, potentially com-
peting uses, such as in monitors and displays, microchips, la-
sers and many medical technologies.

Another major factor to consider is that scarce metals produc-
tion can have significant environmental impacts, sometimes 
contaminating ground or surface water, releasing air emissions, 
consuming a great deal of energy and water, and/or leading to 
land degradation and deforestation. These environmental im-
pacts are rarely incorporated into the internal costs of produc-
tion, either by compulsory or voluntary schemes. However, as 
environmental regulation becomes stronger and companies seek 
to reduce their environmental impacts, these trends could further 
affect the price of scarce materials and the viability of reserves. 

Policy responses 
Our analysis shows that both energy choices (as reflected in 
the IEA scenarios) and international trade policies and power 
dynamics (as reflected in the WEF scenarios) can dramatically 
affect metals supply and demand. The stronger the climate 
policies that are adopted, the larger the deficits we project of 
indium, tellurium and neodymium – though with lithium and 
cobalt, only the IEA 450 leads to deficits (when combined with 
two of the three WEF scenarios; see Figure 2).

The extent of international collaboration or competition 
over minerals, meanwhile, is generally less pronounced – at 
least on a global scale. However, WEF’s Resource Security 

Figure 2: Annual metal surplus/deficit relative to annual supply in 2035
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Policy considerations

•	Our scenario-based analysis found a severe risk of medium- and long-term cumulative supply defi-
cits (CSD) of indium and tellurium; moderate risk of medium-term and severe risk of long-term CSD 
of neodymium; and limited risk of long-term CSD of cobalt and lithium. These scarcity risks pose a 
challenge to nations’ efforts to transition to a low-carbon global economy.

•	Governments view scarcity primarily as a technological issue, and many minerals policies concentrate 
on technological advancement and environmental sustainability. Such efforts are important, but insuffi-
cient, given that our analysis indicates that economic and political risks are likely to significantly contrib-
ute to medium- to long-term management difficulties.

•	Policy initiatives can help address the challenges identified in our analysis and provide incentives for 
appropriate business and consumer responses. Other policies, such as those described in the WEF 
Resource Security scenario, may exacerbate problems of global scarcity. 

•	Governments’ long-term strategies should include vigorous efforts to secure mineral supply at the inter-
national level through international strategic partnerships (trade agreements, support in international 
forums, sharing of technology and development aid programmes).
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Further Information: Robert Watt
Director of Communications 

robert.watt@sei-international.org
+46 73 707 8589

This policy brief is based on an SEI report with the same title, 
by Elena Dawkins, Katy Roelich, Richard Falk and Matthew 
Chadwick, which is available on our website. This research 
has been carried out within the partnership programme be-
tween the Stockholm Environment Institute and the business 
leaders’ initiative 3C (Combat Climate Change).

Business responses
Potential responses to metals scarcity include substitution – of 
the materials or of the technologies that use them; recycling, 
and efficiency improvements in resource use and materials 
production. Several companies are already pursuing substitu-
tion strategies, and policy incentives can encourage this, for 
example, by providing tax incentives or loan guarantees or 
supporting research and development. However, some sub-
stitutions could also just create a different scarcity problem, 
as many alternatives use other scarce elements (e.g. platinum 
group metals, rare-earth metals). In this context, non-metal 
substitutes may be a feasible option; plastic electronics (also 
referred to as organic electronics), for instance, are being de-
veloped for pertinent low-carbon applications such as organic 
photovoltaic (PV) cells and light-emitting-diodes (LEDs).

As noted earlier, the potential to improve resource efficiency 
is limited, though companies continue to make efforts. There 
may be more room for improvement in production of materi-
als, however, particularly for those mined as by-products of a 
primary metal, such as indium and tellurium, by-products of 
zinc and copper mining that are used in thin-film PV. Refiner-
ies focused on processing ores for a primary metal may not 
currently have the capability to recover secondary metals.

Of the low-carbon technologies considered in this study, pho-
tovoltaics appear to have the most complex set of driving fac-
tors impacting the business response. The scarcity issue is 
directly relevant to second-generation thin-film photovoltaic 
(TF PV) technologies, Copper Indium (Gallium) (di) Selenide 
(CIGS) and Cadmium Telluride (CdTe). Indium and tellurium 
availability is already considered a bottleneck to TF PV expan-
sion. In this case, recycling is the prevalent response, mostly 
because CdTe modules are already recycled due to the tox-

icity of cadmium. However, one executive interviewed noted 
that there is not enough tellurium in circulation to make this 
a viable solution.

With regard to indium, businesses report that they are pursuing 
material substitutions – to replace indium and gallium with tin 
and zinc in semiconductors; however, efforts are still at the 
research-and-development stage. With lithium, meanwhile, 
industry concerns appear to be centred not on scarcity, but on 
power density issues that are currently limiting the utility of 
EVs in comparison with internal combustion engines. That 
said, the next generation of so called “lithium air” batteries 
are seen as game-changers for EVs, and clearly still have a 
lithium demand. 

Looking at the role of public policy in addressing metals scar-
city issues, we found a broad range of views among business 
leaders, with different priorities cited both for financial in-
centives and for interventions aimed at securing mineral sup-
plies. Many companies, especially the larger multinationals, 
are less interested in state-supported efforts to secure certain 
materials, often because they have access to resources in mul-
tiple countries. Such businesses favour a liberalisation of in-
ternational markets, with minimal government intervention, 
except to set a carbon pricing system to foster low-carbon 
technology industries. 


