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E X EC U T I V E  SUMM A RY 

4.  In this context, the geopolitical landscape is already 
being reshaped. New leaders will emerge from the 
ongoing process of energy transformation, such as 
China. The Asian country is already a leader on clean 
energy technologies, which is the result of long-lasting 
government support and investments. China is respon-
sible for more than 70% of the world’s solar equipment 
assembly4 and home to 9 out of 10 top solar manufac-
turers5. This dominant position is expected to rise in 
the next decades due to the country’s ambitious plans 
in the energy transition scenario.

5.  On the other hand, other countries are developing 
strategies to expand the resilience of their value 
chain. The United States has already mapped vulner-
abilities of its supply chains, indicating a challenging 
scenario for rare earths, lithium, and cobalt6. In addition, 
the European Union is developing strategies to diversify 
its critical minerals supply sources, including partner-
ships with neighboring countries, and to strengthen 
raw materials recycling and circular economy. 

6.  Brazil, in this context, is well-positioned to become 
a potential supplier of some critical minerals, such 
as rare earths, lithium and silicon, but investments 
on R&D and innovation, as well as adjustments 
in the regulatory framework, are needed. The 
country could also consolidate its position as an 
energy transition powerhouse, given its abundant 
and diversified energy mix. 

1.  Different minerals are considered critical to the 
energy transition. As countries representing 70% 
of global GDP and CO

2
 emissions are committing to 

reach net zero, critical minerals are brought to the 
center stage of the debate as indispensable raw mate-
rials to clean energy technologies1. The IEA estimates 
that mineral demand for these technologies can grow 
up to 6 times by 20402. 

2.  The expected increase in the demand for crit-
ical minerals can be partially explained by the 
fact that clean energy technologies generally 
use more minerals than fossil-based equivalents. 
For example, an offshore wind plant needs 8 times 
more minerals than a gas-powered plant with the 
same power capacity and electric vehicles needs 
6 times more than an internal combustion engine 
(ICE) vehicle3.  

3.  There are three main challenges to consolidate 
sustainable and resilient value chains of critical 
minerals: the need to guarantee responsible min-
ing practices, the potential mismatch between 
future supply and demand, and the geographic 
concentration of critical minerals. Given the 
importance of mining in the energy transition sce-
nario, it is critical to reinforce sustainable practices 
to address issues related to human rights across 
the whole value chain. Additionally, investments to 
increase critical minerals production coupled with 
strategies to diversify suppliers will also be needed 
to guarantee the energy transition.

1. IEA. Net Zero by 2050 – A Roadmap for the Global Energy Sector. 2021

2. IEA. The Role of Critical Minerals in Clean Energy Transitions. 2021

3. IEA. The Role of Critical Minerals in Clean Energy Transitions. 2021; IEA. Electric Vehicle Outlook 2020. 2021

4. CSIS. The Geopolitics of Critical Minerals Supply Chains. 2021

5. IRENA. World Energy Investment 2021. 2021 

6. USGS. Mineral Commodities Summary 2021. 2021
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1 .  T H E  ROL E  OF  CR I T I C A L 
M I N ER A L S  I N  T H E 
EN ERGY  T R A NS I T IO N

Climate change has accelerated global efforts to 
decarbonize and electrify energy systems, as well 
as to reduce greenhouse gas (GHG) emissions. As of 
April 2021, 44 countries and the European Union, re-
sponsible for around 70% of the world’s emissions, had 
announced net zero pledges7. The International Energy 

Agency (IEA) estimates that, in order to reach net zero 
by 2050, the share of renewable sources in the energy 
mix shall rise from 19% in 2019 to 78% in 20508. The 
same trend is presented in other IEA’s scenarios (Stated 
Policies Scenario (STEPS) – 27% in 2040 – and Sustainable 
Development Scenario – 44% in 2040)9. 

7. IEA. Net Zero by 2050. 2021 

8. IEA. Net Zero by 2050. 2021 

9. IEA. World Energy Outlook 2020. 2020
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In this context, new minerals are required to support 

the development and deployment of the required lower 

carbon technologies. Although there is no consensus 

on the definition of critical minerals10, a key aspect has 

to do with their utilization on critical decarbonization 

technologies, such as batteries, solar panels, and wind 

turbines (Table 01). 

According to the demand risk matrix for critical 
minerals developed by the World Bank (Fig. 01)11, 
some minerals will be used across a wide variety 
of clean energy technologies, such as copper and 
nickel, and are likely to be relevant in 2050 regard-
less of the transition pathway. On the other hand, 

other minerals, such as lithium, may be needed for just 

a small number of technologies, being more exposed 

to changes in technology deployment.

10. CSIS. The Geopolitics of Critical Minerals Supply Chains. 2021

11. World Bank. Redefining critical minerals essential for a clean energy future. 2021

TABLE 01 – CRITICAL MINERALS, SELECTED POWER GENERATION TECHNOLOGIES

Source: Catavento analysis based on – IEA. The Role of Critical Minerals in Clean Energy Transitions. 2021; CSIS. The Geopolitics of 
Critical Minerals Supply Chains. 2021

Clean Power Technologies

Minerals Batteries 
and EVs

Solar  
Panels

Wind Turbines 
(onshore and  

offshore)

Power 
Network

Hydrogen 
electrolyzers  
and fuel cels

Cobalt

Copper

Iron

Lead

Lithium

Manganese

Molybdenum

Nickel

Rare earths

Tin

Zinc

FIGURE 01 – DEMAND RISK MATRIX /WORLD BANK 

Source: Catavento analysis based on - World Bank. Redefining critical 
minerals essential for a clean energy future. 2021
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12. IEA. The Role of Critical Minerals in Clean Energy Transitions. 2021

13. IEA. The Role of Critical Minerals in Clean Energy Transitions. 2021

14. IEA. The Role of Critical Minerals in Clean Energy Transitions. 2021

15. CSIS. The Geopolitics of Critical Minerals Supply Chains. 2021

Overall, the relevance of critical minerals is expected to 
ramp up significantly over the next decades. According 
to IEA’s scenarios (Fig. 02)12, it is estimated that mineral 
demand for clean energy technologies will double in 
the Stated Policies Scenario (STEPS) and quadruple in 
the Sustainable Development Scenario (SDS) by 2040. 
The mineral use in electric vehicles and battery 
storage is one of the main forces of change, growing 
at least 30 times by the same year13.

This increased demand for minerals in an energy 
transition scenario can be explained by the fact 
that clean energy technologies generally require 
more minerals than their fossil-based equivalents 
(Fig. 03)14. As an example, an onshore wind plant 
requires 8 times more minerals (e.g. copper and zinc) 
than a gas-powered plant with the same power capacity. 
This is also the case in other technologies, such as solar 
panels and offshore wind15.

FIGURE 02 – TOTAL MINERAL DEMAND FOR CLEAN ENERGY TECHNOLOGIES BY SCENARIO, Mt

Source: IEA. The Role of Critical Minerals in Clean Energy Transitions. 2021
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FIGURE 03 – MINERALS USED IN CLEAN ENERGY TECHNOLOGIES COMPARED TO OTHER POWER 
GENERATION SOURCES, KG/MW (2019)

Source: IEA. The Role of Critical Minerals in Clean Energy Transitions. 2021

Given this context, there are three key challenges to 
consolidate sustainable and resilient value chains in 
an energy transition scenario: the need to guarantee 

responsible mining practices, the potential mismatch 
between future supply and demand, and the geo-
graphic concentration of critical minerals. 
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2. SUS TA I N A B L E  A N D 
RE S I L I EN T  VA LU E  CH A I NS  – 
K E Y  CH A L L EN G E S 

Globally, there is an increased concern among so-
ciety regarding the negative impacts associated with 
some mining activities. Local communities might 
face socio-economic disruptions and environmental 
impacts caused or influenced by mining operations16. At 
the same time, some mining companies are commonly 
linked to poor practices regarding both gender and 
human rights17.

Within local communities, women are historically  
disproportionately impacted by mining activities.  
They are more marginalized in engagement and bene-
fit-sharing activities18, and tend to be underrepresented 
in the company’s workforce, facing increased risk of 
discrimination and gender-based harassment.

16. Responsible Mining Foundation. Responsible Mining Index. 2020

17. Responsible Mining Foundation. Responsible Mining Index. 2020

18. Responsible Mining Foundation. Responsible Mining Index. 2020

8
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Additionally, artisanal and small-scale mining is usually 
associated with a poor track record on human rights19. 
Child labor, for example, is observed in cobalt mines 
from the Democratic Republic of the Congo (DRC), 
which is responsible for over 80% of the world’s cobalt 
reserves. According to International Labour Organization 
(ILO), the same cobalt has been traced to lithium batteries 
sold by major multinational companies20. 

Given the expected relevance of mining activities in 
the energy transition, it is critical to reinforce 
responsible mining21 practices and standards (Box. 01). 
By being conducted in a responsible manner, mining 
activities can generate broader socio-economic benefits 
for local communities, as well as support a fair and 
more inclusive energy transition. 

BOX 01  |  ICMM’S PRINCIPLES AND GUIDELINES – GENDER DIVERSITY AND HUMAN RIGHTS 

GENDER DIVERSITY 

HUMAN RIGHTS

ICMM. Gender equality. 2021; ICMM. Human Rights. 2021; ICMM. Mining Principles. 2021

19. Responsible Mining Foundation. Responsible Mining Index. 2020

20. International Labour Organization. Child Labour in mining and global supply chains. 2020

21. According to the Responsible Mining Foundation, responsible mining can be defined as mining that protects 
and respects the interests of peoples and the environment and contributes to broad economic development 

MINIMIZING NEGATIVE IMPACTS ENHANCING POSITIVE CONTRIBUTIONS

•  Recognize women’s rights to resources and property

•   Actively include women in community engagement 

processes, especially those relating to land 

acquisition and resettlement

•   Ensure gender parity by providing equal pay for equal 

work across the company

•   Address vulnerability and gender-based violence in 

the community or workplace

•  Respect human rights

•   Avoid involuntary resettlement

•   Manage security while protecting human rights

•  Respect the rights of workers

•  Provide fair pay and working hours

•   Respect indigenous peoples

•   Work to obtain free, prior and informed consent

•  Promote workplace diversity

•   Make a clear statement in support of gender equality 

for women.

•   Take steps to recruit and retain female employees 

and make the workplace a safe place for women

•   Promote more women to visible leadership positions

•   Establish gender-sensitive grievance mechanisms
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Regarding the supply and demand imbalance, the 
expected production from existing and under 
construction projects is estimated to meet only 
50% of projected lithium and cobalt demand and 
80% of copper by 2030. This potential supply shortage 

can lead to price spikes, volatility and may put in risk a 

smooth energy transition22. Clean energy technologies 

are already the major driving force for demand growth 

for some minerals. For example, since 2015 batteries 

and electric vehicles have surpassed consumer 

At the same time, the reserves of critical minerals 
are more geographically concentrated (Fig. 05) than 
oil and natural gas reserves26. For example, copper 
supply is mainly located in Chile and Peru (40% of 
global output27), where the mines are already reaching 
their peak due to the decline in ore quality and reserve 
depletion28. The geographical concentration of today’s 

production and processing operations might represent 
a risk, turning supply chains more vulnerable to polit-
ical instability, physical disruptions (e.g., earthquakes, 
flooding), and trade restrictions. According to IEA’s 
analysis based on today’s projects pipelines, this sce-
nario is unlikely to change in the near term (2025)29.

electronics as the largest consumer of lithium, 
accounting for almost 30% of the current demand23. 

Project lead time is another critical aspect, since 
mining projects take on average 17 years since the 
discovery of reserves to the production phase24, 
which reduces the sector’s agility to respond to a 
fast-growing demand (Fig. 04). The long lead times 
could create bottlenecks for clean energy technology 
deployment, indicating the relevance of diversified 
supply chains for the energy transition scenario25. 

22. IEA. The Role of Critical Minerals in Clean Energy Transitions. 2021

23. IEA. The Role of Critical Minerals in Clean Energy Transitions. 2021

24. IEA. The Role of Critical Minerals in Clean Energy Transitions. 2021

25. IEA. The Role of Critical Minerals in Clean Energy Transitions. 2021; World Bank. Redefining critical minerals essential for a clean energy future. 2021

26. IEA. The Role of Critical Minerals in Clean Energy Transitions. 2021

27. IEA. The Role of Critical Minerals in Clean Energy Transitions. 2021

28. Financial Times. Decarbonisation goals require huge commitment to critical metals. 2020

29. IEA. The Role of Critical Minerals in Clean Energy Transitions. 2021

FIGURE 04 – AVERAGE LEAD TIME FOR SELECTED MINERALS (FROM DISCOVERY TO PRODUCTION)  
(2010 – 2019), YEARS

Source: Catavento analysis based on - IEA. The Role of Critical Minerals in Clean Energy Transitions. 2021
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FIGURE 05 – SHARE OF TOP THREE PRODUCING COUNTRIES IN TOTAL PRODUCTION FOR SELECTED 
MINERALS AND FOSSIL FUELS (2019), %

Source: Catavento analysis based on - IEA. The Role of Critical Minerals in Clean Energy Transitions. 2021

The geographic concentration may also impose 
major risk of inadequate mineral supply, leading 
to a less affordable and delayed energy transition. 
Some clean energy technologies are highly exposed 
to minerals costs. For example, critical minerals are 
responsible for 38% of EV batteries and 20% of power 
networks total costs30 31.

Taking these aspects into account, the security of 
supply chains should be an aspect of great concern 
from multiple governments and regions.32 33 Therefore, 
it is worth analyzing the extent to which geopolitical 
relations shall be impacted, as well as how key countries 
are responding to this evolving scenario. 

30. IEA. The Role of Critical Minerals in Clean Energy Transitions. 2021

31. BNEF. EV Outlook 2021. 2021

32. IEA. The Role of Critical Minerals in Clean Energy Transitions. 2021

33. CSIS. The Geopolitics of Critical Minerals Supply Chains. 2021
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3 .T H E  G EO P OL I T I C S  OF 
M I N ER A L S  SU PPLY  CH A I N  

Given the increased relevance of critical minerals 
and their high level of concentration in specific 
countries, geopolitical forces are already being 
reconfigured. While fossil fuels importing countries 
were mainly dependent on Middle Eastern, Russian, 
and American supply, a mineral-fueled energy transi-
tion may lead to an intensified dependence on new 
players, such as China. 

The Asian country is a leader in critical minerals 
processing. It is responsible for refining 65% (96 
kilotons) of the global cobalt’s production34. This 
is also the case for copper, lithium, nickel, and rare 
earths, for which China’s participation in processing 
ranges from 35% to almost 90% (Fig. 06). The cur-
rent landscape creates concerns among countries and 
companies that produce solar panels, wind turbines 
and batteries based on imported minerals. 

1 2
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34. IEA. The Role of Critical Minerals in Clean Energy Transitions. 2021
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The Chinese dominance is also present when it 
comes to its leadership position in clean energy 
technologies, which is the result of long-lasting 
government support and investments. According to 
IRENA35, China was responsible for almost 32% of total 
clean energy investments between 2013 and 2018. 

The country has also a major role in equipment 
assembly and manufacture (Fig. 07). Considering 
solar panels, for example, China is responsible for 
more than 70% of the world’s equipment assembly36 
and home to 9 out of 10 top solar manufacturers37. 

FIGURE 06 – CHINESE SHARE IN CRITICAL MINERALS PROCESSSING COMPARED TO THE REST OF THE WORLD (2019)

FIGURE 07 – SHARE IN EQUIPMENT ASSEMBLY (2020)

Source: Catavento analysis based on - IEA. The Role of Critical Minerals in Clean Energy Transitions. 2021

Source: Catavento analysis based on CSIS. The Geopolitics of Critical Minerals Supply Chains. 2021; Wood Mackenzie. Tectonic shift: China’s 
world-changing push for energy independence. 2021.

35. IRENA. Global Landscape of Renewable Energy Finance. 2020  

36. CSIS. The Geopolitics of Critical Minerals Supply Chains. 2021

37. IRENA. World Energy Investment 2021. 2021
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This potential dependency leads to national efforts 
to assess the level of geopolitical exposure and to 
develop mitigation tools. The US, for example, is a 
net importer of critical minerals, relying on interna-
tional trade for most of its lithium and cobalt supply 
(Fig. 08). At the same time, the country currently imports 
80% of its rare earth minerals from China38. As energy 
transition and climate change have become priorities 
for the Biden administration, there is a clear concern 
regarding the relevance of reliable supply chains. In 
this context, the recent Executive Order39 on America’s 
Supply Chains called for an immediate review of 
vulnerabilities in the country’s supply chains40, being 
considered as a first step towards a new strategy41.

The European Union is another example of major 
importer aiming to diversify its critical minerals 
supply sources and reduce import dependence. 
Currently, 86% of the region’s supply of lithium and 

rare earths relies exclusively on imports42. In this sce-
nario, a set of initiatives has been implemented to 
ensure reliable, secure, and sustainable value chains 
for clean energy technologies in the EU. Efforts have 
been implemented to structure integrated supply 
chains with neighboring regions, such as Scandinavia, 
Eastern Europe, and Africa43. 

In addition, the European Union is developing differ-
ent strategies to strengthen raw materials recycling 
and circular economy. Scaling up recycling can bring 
significant security benefits for European countries, 
reducing the burden on primary supply of critical 
minerals. Secondary supply, obtained out of the pro-
duction from recycled minerals, is expected to account 
for up to 12% of the total supply requirements for 
cobalt, around 7% for nickel, and 5% for lithium and 
copper44 by 2040.

FIGURE 08 – UNITED STATES CRITICAL MINERALS NET IMPORT DEPENDENCE (2020)

Source: Catavento analysis based on – USGS. Mineral Commodities Summary 2021. 2021

38. Bloomberg. How to Ease China’s Hold on Rare Earths. 2021  

39. EO 14017

40. The White House. Executive Order on America’s Supply Chains. 2021

41. The White House. Building resilient supply chains, revitalizing American manufacturing, and fostering broad-based growth. 2021  

42. European Commission. Critical Raw Materials Resilience: Charting a Path towards greater Security and Sustainability. 2020

43. European Commission. Report on Critical Raw Materials and the Circular Economy. 2018

44. IEA. The Role of Critical Minerals in Clean Energy Transitions. 2021
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4.BRAZIL – A POTENTIAL SUPPLIER?

Brazil is well-positioned in terms of reserves of some 
critical minerals, such as rare earths, lithium, and 
silicon. The Brazilian reserves of rare earths are the 
second largest worldwide, accounting for 22 Mton in 
2015, which represent 40% of the Chinese reserves45. 
As for lithium and silicon, Brazil holds the 15th 46 

and 1st  47 largest reserves globally.

As illustrated previously, the demand for these minerals 
is expected to considerably increase, especially for wind 
turbines (rare earths), solar panels (lithium and silicon) 
and batteries (rare earths, lithium, and silicon)48 49. 
According to IEA’s Sustainable Development Scenario, 
the demand of rare earths is about to expand 7 times 
by 2040, while lithium demand shall increase 42 times 
by the same year, reaching almost 800 kton50.  

1 5
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45. Brazilian Ministry of Science, Technology, and Innovation. Science, Technology, and Innovation Plan for Strategic Minerals. 2018

46. United States Geological Survey. Mineral Commodity Summaries 2021. 2021

47. Brazilian Ministry of Science, Technology, and Innovation. Science, Technology, and Innovation Plan for Strategic Minerals. 2018

48.IEA. The Role of Critical Minerals in Clean Energy Transitions. 2021

49. CSIS. The Geopolitics of Critical Minerals Supply Chains. 2021

50. IEA. The Role of Critical Minerals in Clean Energy Transitions. 2021
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In addition, Brazil could also benefit from its 
long-lasting relationship with global powers in the 
commodities sector. For example, China accounts 
for 62% and 54% of Brazilian iron ore and crude oil 
exports, respectively51. Brazil enjoys a surplus as an 
exporter of these commodities, while China relies on 
supplies through well-established partnerships52.

Domestic demand can also be a relevant factor for 
Brazilian critical minerals supply, as the implemen-
tation of low carbon energy technologies advances. 
It is estimated that the Brazilian wind power generation 
capacity, for example, will rise from 17 GW in 2021 
to 31 GW by 203053. Additionally, the demand for 
batteries will also expand due to the growing share 
of distributed generation, whose installed capacity is 
estimated to increase up to 4 times by 203054. 

However, to capture these opportunities, the 
country has significant technological extraction 
and processing bottlenecks that must be addressed55. 
Currently, the country is not among the top 3 producers 

of lithium and silicon (5th and 4th, respectively), de-
spite its significant reserves. A Plan for Strategic Minerals  
was released in 2018 to address these challenges but 
has still to be further deployed. The strategy aims to 
pursue partnerships with companies and other countries 
for R&D in prospecting, mining, and processing critical 
minerals, as well as to develop public policies that 
establish a stable, agile, and predictable regulatory 
environment able to attract private investments56 57. 

Therefore, the new geopolitical context around 
value chains of critical minerals may represent an 
opportunity for Brazil to integrate globalized supply 
chains through multilateral partnerships, R&D on 
decarbonization technologies and processing 
infrastructure58 59. Brazil could leverage on historical 
commercial relations with actors that are seeking 
to diversify their supply chains and strengthening 
its national critical mining industry by encouraging 
innovation and improving the regulatory framework.  

51. Ministério da Indústria, Comércio Exterior e Serviços. COMEX STAT. 2021. Disponível em: < http://comexstat.mdic.gov.br/pt/home >  
52. IPEA. Strategic Minerals and Brazil-China Relations: Opportunities for Cooperation for the Development of the Brazilian Mineral Industry. 2021
53. EPE. Plano Decenal de Expansão de Energia (PDE) 2030. 2020
54. IPEA. Impacts of Solar and Wind Energy on Lithium Battery Demand. 2021  
55. Brazilian Ministry of Science, Technology, and Innovation. Science, Technology, and Innovation Plan for Strategic Minerals. 2018
56. Brazilian Ministry of Science, Technology, and Innovation. Science, Technology, and Innovation Plan for Strategic Minerals. 2018
57. IGoverno do Brasil. Setor de extração de minérios ganha nova Política Pró-Minerais Estratégicos. 2021
58. Brazilian Ministry of Science, Technology, and Innovation. Science, Technology, and Innovation Plan for Strategic Minerals. 2018
59. IPEA. Strategic Minerals and Brazil-China Relations: Opportunities for Cooperation for the Development of the Brazilian  
Mineral Industry. 2021



Paper 12  •  Clean Energy Technologies   •  September 2021

1 7

5. FINAL REMARKS

The transition to a low carbon economy will de-
mand profound changes in the way countries use 
and produce energy. The energy sector is to shift to 
a more renewable energy mix, based on competitive 
and clean energy technologies, such as batteries and 
electric vehicles. In this context, the energy sector 
will demand minerals considered critical to support 
this transition. 

As illustrated in the paper, there are three key 
challenges to consolidate sustainable and resilient 
value chains: the need to guarantee responsible 
mining practices, a potential mismatch between 
supply and demand, and the geographic concen-
tration of critical minerals. All of these can have 

geopolitical implications, and leading countries are 
responding and exploring ways to mitigate them. 
Nations with better capacity to consolidate integrated 
value chains through new partnerships and commercial 
agreements will have competitive advantages. 

In this sense, Brazil can have a prominent role on 
critical minerals value chains. On the demand side, 
the country has the potential to be a renewable 
energy powerhouse, including solar, wind, and 
biomass. On the supply side, new investments on 
R&D and innovation, as well as a competitive regulatory 
framework, will be key to support the country’s partici-
pation on globalized and competitive value chains. 

1 7

Paper 12  •  Clean Energy Technologies   •  September 2021



Paper 12  •  Clean Energy Technologies   •  September 2021

1 8

REFEREN CE S

•   IPEA. Radar nº 65. Impactos das Energias Solar e 
Eólica na Demanda de Baterias de Lítio. 2021 

•   IPEA. Strategic Minerals and Brazil-China 
Relations: Opportunities for Cooperation for the 
Development of the Brazilian Mineral Industry. 2021 

•   IRENA. Global Landscape of Renewable Energy 
Finance 2020. 2020 

•   IRENA. World Energy Investment 2021. 2021 

•   MINISTÉRIO DA INDÚSTRIA, COMÉRCIO 
EXTERIOR E SERVIÇOS. COMEX STAT. 2021. 
Disponível em: <comexstat.mdic.gov.br/pt/home>

•   MINISTÉRIO DA CIÊNCIA, TECNOLOGIA, 
INOVAÇÕES E TELECOMUNICAÇÕES. Plano 
de ciência, tecnologia e inovação para minerais 
estratégicos: 2018-2022. 2018 

•   RESPONSIBLE MINING FOUNDATION. 
Responsible Mining Index. 2020 

•   THE WHITE HOUSE. Building resilient supply 
chains, revitalizing American manufacturing, and 
fostering broad-based growth. 2021 

•   THE WHITE HOUSE. Executive Order on America’s 
Supply Chains. 2021 – Available at: < https://
www.whitehouse.gov/briefing-room/presidential-
actions/2021/02/24/executive-order-on-
americas-supply-chains/ > 

•   UNITED STATES GEOLOGICAL SURVEY. Mineral 
Commodity Summaries 2021. 2021 

•   WOOD MACKENZIE. Tectonic shift: China’s world-
changing push for energy independence. 2021 

•   WORLD BANK. Redefining critical minerals 
essential for a clean energy future. 

•   BLOOMBERG. How to Ease China’s Hold on 
Rare Earths. 2021 – Available at: < https://www.
bloomberg.com/opinion/articles/2021-03-25/
how-u-s-should-ease-china-s-rare-earth-
dominance > 

•   BNEF. EV Outlook 2021. 2021 

•   CSIS. The Geopolitics of Critical Minerals Supply 
Chains. 2021 

•   EPE. Plano Decenal de Expansão de Energia (PDE) 
2030. 2020 

•   EUROPEAN COMMISSION. Critical Raw Materials 
Resilience: Charting a Path towards greater Security 
and Sustainability. 2020 

•   EUROPEAN COMMISSION. Report on Critical Raw 
Materials and the Circular Economy. 2018 

•   FINANCIAL TIMES. Decarbonisation goals 
require huge commitment to critical metals. 
2020 – Available at: < https://www.ft.com/
content/9970b5bf-92a9-41b2-ba9c-1154a17aafda > 

•   GOVERNO DO BRASIL. Setor de extração 
de minérios ganha nova Política Pró-Minerais 
Estratégicos. 2021 

•   IEA. Net Zero by 2050 – A Roadmap for the Global 
Energy Sector. 2021 

•   IEA. The Role of Critical Minerals in Clean Energy 
Transitions. 2021 

•   IEA. World Energy Outlook 2020. 2020 

•   INTERNATIONAL LABOUR ORGANIZATION. 
Child Labour in mining and global supply 
chains. 2020 



Paper 12  •  Clean Energy Technologies   •  September 2021

1 9

w w w . c a t a v e n t o . b i z


