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Foreword 
Andrew Howell, CFA, Head of Corporate Research from Emerging Markets Investors Alliance  

 

/ƘƛƴŀΩǎ hŎǘƻōŜǊ нлнл ǇƭŜŘƎŜ ǘƻ ŀŎƘƛŜǾŜ ŎŀǊōƻƴ ƴŜǳǘǊŀƭƛǘȅ ōȅ нлсл τ made in the context of a 

strengthening of emissions targets by several other countries including Japan, Korea and the United 

Kingdom τ signals that momentum towards reducing emissions is gathering pace around the world.  

Under the Paris Agreement, each country is free to map out its own carbon transition pathway, 

captured in Nationally Determined Contribution (NDC) plans. While NDCs differ from country to 

country, two elements play a central role in nearly all of them: decarbonization of power generation 

and electrification of transport. This makes sense: electricity generation is responsible for around 25% 

of global Green House Gas (GHG) emissions, the largest share of any source, while transportation is not 

far behind at 14%. Reducing emissions from both sources has become more feasible in recent years, 

thanks to:  

¶ advances in solar and wind generation, bringing costs to levels that are competitive with, or 

cheaper than, conventional power generation, and  

¶ the development of electric vehicle technology. On the back of these advances, we can expect a 

lot of investment in infrastructure associated with this energy transition: Bloomberg New 

Energy Finance (BNEF) forecasts at least US$11tn of fresh investment in green power 

generation in coming years. 

But there is a less-discussed corollary of this coming boom in renewables and EV technologies: growth 

in mining activity. There is no escaping the math, which is detailed clearly in this report. Minerals are 

required for PV cells, wind turbines, battery storage and conductive cabling for connectivity. Even 

taking into account technological innovation and better recyclability, it is unavoidable that a range of 

commodities, from household names such as copper and aluminium to less familiar ones such as cobalt, 

lithium and rare earth metals, will need to be extracted in great quantity to make this transition 

possible.   

This coming surge in demand raises important questions for the mining industry. Can these materials be 

produced reliably, safely and in a way that ensures the wellbeing of communities and the environment?  

This is a fair question to ask. After all, the mining industry has been associated with a range of negative 

impacts over its long history, encompassing health & safety, human rights violations, pollution and 

water scarcity.  

Such impacts can be highly visible, as in the failure of the tailings dam at Brumadinho, Brazil in early 

2019, killing hundreds and causing environmental devastation. More often, given the remoteness of 

many mining operations, the negative impacts are less manifest but can be more pernicious. It is thus 
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ŎǊƛǘƛŎŀƭ ǘƘŀǘ ǘƘŜ ƳƛƴƛƴƎ ƛƴŘǳǎǘǊȅ ǊƛǎŜǎ ǘƻ ǘƘŜ ŎƘŀƭƭŜƴƎŜ ƻŦ ƳŜŜǘƛƴƎ ǘƘŜ ǿƻǊƭŘΩǎ ŘŜƳŀƴŘ ŦƻǊ ǘǊŀƴǎƛǘƛƻƴ 

metals in a way that meets the expectations of society.  

How can mining companies do this? A number of institutions can play a role in assisting producers 

achieve better standards of responsibility, as well as by calling them out when these standards are not 

met.  

¶ First are industry-led efforts, such as the International Council on Mining and Metals (ICMM), a 

group of 27 of the worldΩs largest miners dedicated to a sustainable mining and metals industry. 

Commodity-specific groups including the Copper Alliance, the Responsible Steel Initiative and 

the Aluminium Stewardship Initiative serve similar goals, as does the World Gold Council 

through its responsible gold mining standard. All have drafted standards of best practice and 

encourage their members and the broader industry to comply with these standards.  

¶ Outside of these industry groups, other organizations have developed their own standards to 

emphasize the perspective of a wider range of stakeholders. The Initiative for Responsible 

Mining Assurance (IRMA) has developed a responsible mining standard and offers third-party 

verification and certification for mine-sites. The Responsible Mining Foundation (RMF) rates the 

practices of mining companies on economic, environmental, social and governance issues to 

encourage best practice throughout the industry. Many non-governmental organizations 

campaign tirelessly for best practice in mining, including the Natural Resources Governance 

Institute (NRGI), Oxfam, Earthworks and MiningWatch Canada.  

Investors too have an important role to play in encouraging better practice. The new Global Industry 

Standard on Tailings Management, which was developed in the wake of the Brumadinho tailings 

disaster and released in August 2020, received a strong early push from a group of institutional 

investors led by the Church of England Pensions Board and the Swedish Council on Ethics for the AP 

Funds. More recently, investor engagement likely played a role in the departure of the chief executive 

of Rio Tinto following the destruction of a heritage site at Juukan Gorge against the wishes of local 

indigenous groups. Investor institutions such as the Principles for Responsible Investment (PRI), the 

World Business Council for Sustainable Investment (WBCSD), the Institutional Investors Group on 

Climate Change (IIGCC) and the Emerging Markets Investors Alliance can all play a role in helping 

investors align on key issues and advocate for change.    

For investors, the frameworks developed by civil society provide useful guides in pushing for best 

ǇǊŀŎǘƛŎŜΦ ¢ƘŜ waCΩǎ CǊŀƳŜǿƻǊƪ нлнл ƛǎ ŀ ƎƻƻŘ ŜȄŀƳǇƭŜ ƻŦ ŀ ōǊƻŀŘ ǎŜǘ ƻŦ ƎǳƛŘŜƭƛƴŜǎ ŦƻǊ ƳƛƴƛƴƎ 

companies to follow, mapping 6 parameters including economic development, business conduct, 

lifecycle management, community wellbeing, working conditions and environmental responsibility. 

Investors should encourage management teams to adhere to standards such as these, while taking 
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steps to compel adherence within their supply chain. This type of engagement can help assure that the 

industry meets coming needs in a way that maximizes the benefits for society.   
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Introduction  

Following the last two annual surveys of global business leaders in Davos, the increasing protest and call 

to action by civil societies globally (especially from the younger generation), and the increasingly pressing 

publications of scientific forecasts, the severe urgency to mitigate and adapt to climate change is 

increasingly evident. While the 2010s were spent on discussion and debate, the 2020s are now the 

decade that requires drastic action; this may be our last chance to keep the global temperature rise below 

the recommended 1.5 degrees, as set out by climate scientists in the IPCCΩǎ 1.5°C Special Report1 . 

Policymakers are stepping up with initiatives such as, the European Green Deal announced in December 

20192,the EU post-COVID-19 recovery plan that pledged trillions of Euros towards greening business 

ecosystems, and the Chinese net-zero 2060 commitment, for example. Correspondingly, green 

investments are increasing, with former vice-president Al Gore positing that green investment is the 

single largest investment opportunity since the industrial revolution.  

Despite this push for green growth, focus has been centred on only the tip of the iceberg: the production 

of green technologies such as those for producing renewable energy, electric vehicles and energy storage, 

in sectors that emit less than 40% of global greenhouse gases (GHGs)3 . Indeed, while we have observed 

increasing renewable power share of global energy generation, CO2 emissions continue to rise; this same 

trend is observed with electric vehicles as seen in Figure 1.   

 

 

  
 

 
1 IPCC Special Report 1.5 Degrees, 8th October 2018 https://www.ipcc.ch/sr15/ 
2 European Green Deal ς 11th December 2019 https://ec.europa.eu/info/strategy/priorities-2019-2024/european-
green-deal_en 
3 IPCC AR5, 31st March 2014 https://www.ipcc.ch/report/ar5/syr/ 

https://www.ipcc.ch/sr15/
https://ec.europa.eu/info/strategy/priorities-2019-2024/european-green-deal_en
https://ec.europa.eu/info/strategy/priorities-2019-2024/european-green-deal_en
https://www.ipcc.ch/report/ar5/syr/
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Figure 1 LHS: Rise of global renewable power generation vs global CO2 emissions; RHS: Rise of global electric vehicles sales versus global CO2 

level 4 

As such, simply the production of renewable power and electric vehicles is not enough to meet climate 

targets; we must also look further across the supporting industries and supply chains of green 

technologies to ascertain how they affect both greenhouse gases and natural capital resources. The 

importance of this is demonstrated by Figure 2, which shows analysis carried by Siemens Gamesa, a 

leading wind turbine producer, whereby materials used in the construction of a wind turbine contribute 

more than 70% of the total CO2. Until now, society and policymakers have shown minimal attention to 

these essential elements of environmentally progressive technologies. Understanding the supply chains 

for these technologies will become even more critical as the uptake of green technologies increases, as 

there will be a significant increase in demand of new minerals;  sourcing of such minerals which has 

implications for both carbon emissions and our natural resources, including forests and biodiversity that 

are vital to mitigate climate change. 

 

 
Figure 2 percentage of global warming contribution from each life cycle stage (g CO2 eq/ kWh)5 

As investors it is important to look below the surface in order to understand issues such as these because 

we have a fiduciary duty to our clients. We must invest in companies that will be critical in the green 

transition, but not just those that appear the most obvious. Furthermore, we must take an active 

ǎǘŜǿŀǊŘǎƘƛǇ ŀǇǇǊƻŀŎƘ ǿƛǘƘ ǊŜƎŀǊŘ ǘƻ ƻǳǊ ŎƭƛŜƴǘǎΩ ŀǎǎŜǘǎΣ ōȅ ŜƴƎŀƎƛƴƎ ǿƛǘƘ ŎƻƳǇŀƴƛŜǎ ǿƛǘƘƛƴ ǘƘŜǎŜ 

industries, such as mining and other highly polluting sectors along this supply chain, on such 

environmental or societal issues.  
 

 

 

 

 
4 Carmignac, Bloomberg New Energy Finance (BNEF), International Energy Agency (IEA) as of 31st December 2019 
5 Siemens Gamesa ς A Clean Energy solution from cradle to grave on SG8.0-167 DD  https://www.siemensgamesa.com/en-int/ -

/media/siemensgamesa/downloads/en/sustainability/environment/siemens-gamesa-environmental-product-declaration-epd-sg-8-0-167.pdf  

https://www.siemensgamesa.com/en-int/-/media/siemensgamesa/downloads/en/sustainability/environment/siemens-gamesa-environmental-product-declaration-epd-sg-8-0-167.pdf
https://www.siemensgamesa.com/en-int/-/media/siemensgamesa/downloads/en/sustainability/environment/siemens-gamesa-environmental-product-declaration-epd-sg-8-0-167.pdf
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In this paper, we will discuss the supply chains behind two prominent areas of technological advancement: 

green energy and green mobility (focusing on electric vehicles), in order to understand how they affect 

the climate and our natural capital. This will include the component industries and technologies as well 

as the materials and minerals that are needed for the transition to a lower carbon world.  
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Mining A Living Planet 

Nitin Sukh, Head of Natural Capital from Planet Tracker  

Mining and land use change 

Mining features highly amongst a range of industrial activities 

that pose a threat to biodiversity due to associated deforestation, 

other land use changes, land degradation and other 

environmental externalities arising from extraction, the 

processing of metals and minerals and their transportation.  

Besides having an impact on biodiversity and biodiverse 

landscapes, the mining sector is also dependent on biodiversity, 

natural capital and related ecosystems services. Hence 

disruptions to biodiversity and biodiverse rich landscapes can 

cause significant material financial risks.   

Deforestation and forest degradation are occurring at alarming 

rates, contributing significantly to the ongoing loss of biodiversity 

and rise in GHG emissions. Since 1990, it is estimated that 420 

million hectares of forest have been lost through conversion to 

other land uses, although the rate of deforestation has decreased 

over the past three decades.6 

Between 2015 and 2020, the rate of deforestation was estimated 

at 10 million hectares per year, down from 16 million hectares 

per year in the 1990s. The area of primary forest worldwide has 

decreased by over 80 million hectares since 1990. 7 

Deforestation and the conversion of other wildlife habitat, such 

as wetlands, are predominantly driven by agriculture, 

urbanisation and industrial activities, such as mining. For 

example, mining activities drove 10% of total deforestation in the 

Brazilian Amazon, the largest and most biodiverse landscape on 

the planet.8 

 
6 FAO (2020) ς ¢ƘŜ {ǘŀǘŜ ƻŦ ǘƘŜ ²ƻǊƭŘΩǎ CƻǊŜǎǘǎ  
7 FAO (2020) ς ¢ƘŜ {ǘŀǘŜ ƻŦ ǘƘŜ ²ƻǊƭŘΩǎ CƻǊŜǎǘǎ 
8 Sonter et al (2017) ς Mining drives extensive deforestation in the Brazilian Amazon  

What is biodiversity?  

Biodiversity refers to the variety of 

living species on Earth, including 

plants, animals, bacteria, and fungi.1 

Human activity has led to an average 

68% fall in monitored vertebrate 

species populations between 1970 

and 2016. Biodiverse landscapes, 

such as forests and wetlands, not 

only serve as habitat for living species 

but also secure natural capital assets 

from which ecosystems services flow. 

What is natural capital?  

Natural capital is another term for 

the stock of renewable and non-

renewable resources, i.e. plants, 

animals, air, water, soils and minerals 

that combine to yield a flow of 

benefits to people. Any part of the 

natural world that benefits people, or 

that underpins the provision of 

benefits to people, is a form of 

natural capital. 6 

What are ecosystems services?  

Ecosystems services flow from 

natural capital. To illustrate, 

ecosystems services can be regarded 

as the yield from healthy natural 

capital assets. A degradation in 

natural capital assets will therefore 

lead to a decline in the quality and 

flow of ecosystems services.  

https://www.nature.com/articles/s41467-017-00557-w.epdf?author_access_token=0zkGGfo8nzkVzWR59YoKx9RgN0jAjWel9jnR3ZoTv0PxaSsLyPxdt4mBwruCIzKNSYm-akEL7-BlIhZoszC4NGVL1IpcmV2RkLUYJgNP4lRqWM00zXzXWl-y1dN5khtJb0ABGc8EEUkJENz9j4ETwA%3D%3D
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The importance of ecosystems services 

Ecosystems services όǿƘŜǊŜ ǎŜǊǾƛŎŜ ƛǎ ŘŜŦƛƴŜŘ ŀǎ Ψŀ ǎȅǎǘŜƳ ǎǳǇǇƭȅƛƴƎ ŀ ǇǳōƭƛŎ ƴŜŜŘΩύ can provide 
economic, social, environmental, cultural, spiritual or physical wellbeing. The value of these benefits can 
be understood in qualitative or quantitative (including economic) terms, depending on context.9 A 
destruction of biodiverse landscapes, through deforestation for example, wipes out the natural capital 
asset base required for the yield of ecosystems services.  

Ecosystems services can be quantified using a broad range of techniques that have been developed by 
environmental economists and consultancies. Some companies have begun including the gains and losses 
in ecosystems services directly realised on account of company operations in their financial accounting 
processes. This practice is called environmental profit and loss accounting.10  

 

Figure 3: Biodiversity, Natural Capital and Ecosystems Services11 

aƛƴƛƴƎΩǎ ƴŀǘǳǊŀƭ ŎŀǇƛǘŀƭ ŘŜǇŜƴŘŜƴŎƛŜǎ 

Amongst the many ecosystems services flowing from natural capital assets, the most relevant ecosystems 
services that underwrite the mining sector can be found in the table below. 

Natural Capital Asset Provider Type of ecosystems service Benefits to mining sector Materiality 

Water  Ground water  
Direct Physical input Very High 

Water  Surface water  

Atmosphere  

Water flow maintenance Enables Production Process Very High Habitats 

Water  

Habitats  Protection from Disruption Medium  

 
9 Natural Capital Coalition (2020) ς What is natural capital? 
10 Kering (2017) ς Accounting for environmental benefits in the environmental profit and loss 
11 Source: Natural Capital Coalition, 2016 

https://naturalcapitalcoalition.org/natural-capital-2/
https://naturalcapitalcoalition.org/wp-content/uploads/2016/07/Kering_Profits_v5.pdf
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Land Geomorphology Mass stabilisation and erosion 
control Soils and sediments  

Atmosphere  

Climate regulation Protection from Disruption High 
Habitats 

Soils and sediments 

Species 
Water 

Table 1Υ aƛƴƛƴƎΩǎ Natural Capital Dependencies12 (Source: Natural Capital Finance Alliance ς Encore, Planet Tracker) 

aƛƴƛƴƎΩǎ ƴŀǘǳǊŀƭ ŎŀǇƛǘŀƭ ƛƳǇŀŎǘǎ  

Since mining activities are land, water and energy intensive they trigger a broad range of environmental 

externalities which cascade into a series of impacts on ecosystems services. 

 
Environmental 
externality 

Examples Mining related externalities 
Related impacts on ecosystems 

services 

GHG emissions Volume of carbon dioxide 
(CO2), methane (CH4), nitrous 
oxide (N2O), Sulphur 
hexafluoride (SF6), 
Hydrofluorocarbons, (HFCs) 
and perfluorocarbons (PFCs). 

Atmospheric pollution can occur from 
emission of greenhouse gases such 
methane and carbon dioxide are 
attributed to land use change, fossil fuel 
intensive mining, processing, 
transportation and smelting. For 
example, certain substances can self-
combust under specific oxidative and 
high sulphur conditions, resulting in the 
release of methane and other 
greenhouse gases, which contribute to 
atmospheric pollution. 

¶ Altered weather conditions in 
microclimate zones 

¶ Habitat destruction & biodiversity 
declines 

Non-GHG 
pollutants  

Volume of fine particulate 
matter (PM2.5) and coarse 
particulate matter (PM10), 
Volatile Organic Compounds 
(VOCs), mono-nitrogen oxides 
(NO and NO2, commonly 
referred to as NOx), Sulphur 
dioxide (SO2), Carbon 
monoxide (CO). 

Cyanide used in leaching processes are 
susceptible to vaporisation, causing 
atmospheric release of cyanide (a toxic 
compound). On drying certain 
substances (e.g. coal gangue) the can 
turn into toxic dust that is lifted into the 
atmosphere and spread. 

¶ Freshwater and marine 
acidification 

¶ Habitat destruction & biodiversity 
declines 

 

Water pollutants Volume discharged to receiving 
water body of nutrients (e.g., 
nitrates and phosphates) or 
other substances (e.g., heavy 
metals and chemicals). 

Mines can leach wastewater that is 
acidified or contains high concentrations 
of heavy metals and other toxic 
chemicals (e.g. sulphuric acid, cyanide, 
mercury, arsenic). These negatively 
impact habitats and species, for example 
by killing vegetation in the area of 
spread. This is very destructive in 
wetlands that are highly sensitive to 
changes in pH. Dust clouds and mineral 
deposition from mines can alter soil 
characteristics making it unsuitable for 
native vegetation.  

¶ Freshwater and marine 
acidification 

¶ Habitat destruction & biodiversity 
declines 

 

 
12 Source: UNEP-FI ς Encore 2020, Planet Tracker research 2020 
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Soil pollutants Volume of waste matter 
discharged and retained in soil 
over a given period. 

Mines can leach wastewater that is 
acidified or contains high concentrations 
of heavy metals and other toxic 
chemicals (e.g. sulphuric acid, cyanide, 
mercury, arsenic). These negatively 
impact habitats and species, for example 
by killing vegetation in the area of 
spread. This is very destructive in 
wetlands that are highly sensitive to 
changes in pH. Dust clouds and mineral 
deposition from mines can alter soil 
characteristics making it unsuitable for 
native vegetation.  

¶ Freshwater and marine 
acidification 

¶ Habitat destruction & biodiversity 
declines 

¶ Soil pollution 

¶ Freshwater pollution 

¶ Marine pollution 
 

 

Solid waste Volume of waste by 
classification (i.e., non-
hazardous, hazardous, and 
radioactive), by specific 
material constituents (e.g., 
lead, plastic), or by disposal 
method (e.g., landfill, 
incineration, recycling, 
specialist processing) 

Heavy metals released in ore heaps 
where leaching occurs can negatively 
impact vegetation and soil conditions 
when exposed to accidental spillage or 
leakage. 

¶ Freshwater and marine 
acidification 

¶ Habitat destruction & biodiversity 
declines 

¶ Flooding 

¶ Landslides 

¶ Air pollution. 

¶ Soil pollution 

¶ Freshwater pollution 

¶ Marine pollution 

Disturbances Decibels and duration of noise, 
lumens and duration of light, at 
site of impact. 

Seismic activity from excavation blasting 
can result in the migration of species 
from localised areas. 

¶ Habitat destruction & biodiversity 
declines 

¶ Auditory pollution 

¶ The spread of invasive species and 
pests 

 

Freshwater 
ecosystem use 

Area of wetland, ponds, lakes, 
streams, rivers or peatland 
necessary to provide ecosystem 
services such as water 
purification, fish spawning, 
areas of infrastructure 
necessary to use rivers and 
lakes such as bridges, dams, 
and flood barriers. 

Mines can leach wastewater that is 
acidified or contains high concentrations 
of heavy metals and other toxic 
chemicals (e.g. sulphuric acid, cyanide, 
mercury, arsenic). These negatively 
impact aquatic and soil-based habitats 
and species, for example by killing 
vegetation in the area of spread. This is 
very destructive in wetlands that are 
highly sensitive to changes in pH. Dust 
clouds and mineral deposition from 
mines can alter soil characteristics 
making it unsuitable for native 
vegetation. 

¶ Freshwater and marine 
acidification 

¶ Habitat destruction & biodiversity 
declines 

¶ Freshwater pollution 

¶ Marine pollution 

¶ Localised droughts - From the over 
extraction of water from 
groundwater and surrounding 
freshwater sources can reduce soil 
moisture in surrounding 
landscapes. This can adversely 
impact surrounding agricultural 
and forest 

¶ Altered weather conditions in 
microclimate zones 

¶ The release and spread of diseases 
otherwise contained by biodiverse 
landscapes 

¶ The spread of invasive species and 
pests 

Table 2Υ aƛƴƛƴƎΩǎ bŀǘǳǊŀƭ /ŀǇƛǘŀƭ LƳǇŀŎǘǎ13  

 

 

 

 
13 Source: UNEP-FI ς Encore 2020, Planet Tracker research 2020 
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Green Energy 

In order to maintain global temperature rises of below 1.5°C, global CO2 emissions will need to decline 

by about 45% from 2010 levels by 2030, and reach net zero around 2050. Having a cleaner energy source, 

such as from the electrification of our energy system, is one of the critical ways in which to meet this 

need. As electrification becomes a key component to decarbonise, moving from molecular energy source 

to electron energy source, electricity as part of our energy needs will have to be at least 1/3 by 2030 and 

50% by 205014 as seen in Figure 4. Within electricity, the share of renewable electricity has been rising 

steadily despite delays in construction and lower energy demand during the COVID-19 pandemic period, 

the share of renewable is expected to rise to around 30% in 202015, and will need to continue to rise to 

between 52% to 67% by 2050 if we want to limit global temperature rises to 1.5°C with limited or no 

overshoot16. This is estimated to be equivalent to over 520 gigawatts (GW) of new capacity every year 

from today17.    

 
Figure 4 Cumulative electricity capacity additions globally18 

Nearly 78% of the net new generating capacity added (globally) in 2019 was in wind, solar, biomass and 

waste, geothermal and small hydro19, with similar trend observed in Q1 2020 as seen in Figure 5. Despite 

the economic slowdown during the pandemic, the total share of electricity generated from renewables 

has increased even though the overall electric usage has reduced. 

 
14 IPCC 1.5 Degrees report, Chapter 2, 8th October 2018 
15 IEA Global Energy Review 2020, 28th April 2020 
16 IPCC 1.5 Degrees report, Chapter 2, 8th October 2018 
17 IRENA Global Renewables Energy Outlook 2020, April 2020 
18 Bloomberg New Energy Finance (BNEF) New Energy Outlook 2019, 18th June 2019 
19 UNEP FI Global Trends in Renewables Energy Investment 2020, June 2020 
https://www.fs-unep-centre.org/global-trends-in-renewable-energy-investment-2020/#downloads 

35% Renewable 58% Renewable 

https://www.fs-unep-centre.org/global-trends-in-renewable-energy-investment-2020/#downloads
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Figure 5: Projected change in energy demand by fuel type in 2020 relative to 201920 

Renewable build out does come with challenges which ranges from financing and regulation to supply 

chain management, project management systems and availability of metals. We will focus on the two 

most widely used renewable sources for discussion in this paper ς wind (both onshore and offshore) and 

solar, in addition to energy storage which is a key part of the system. We will also discuss the key materials 

and minerals to consider for the build out of the entire renewable energy systems in Section 3.  

Wind Power 

As the levelized cost of electricity (LCOE) for renewable has been decreasing over the last decade to the 

same level as a conventional fossil fuel source,  wind as an energy source is expected to grow quite rapidly 

over the next three decades, to play a role in generating more than a third of total electricity generation 

needs by 2050. A study by IRENA shows that building close to 6,000 GW of wind power by 2050 could 

mitigate around 6.3 gigatons of CO2, which represents 27% of the overall emissions reductions needed 

to meet the Paris Agreement climate goals.  Looking at much closer to date, referring to Figure 6, we 

ŜȄǇŜŎǘ ǿƛƴŘ ǇƻǿŜǊ ǘƻ ƎǊƻǿ ŀǘ ƭŜŀǎǘ о ǘƻ п ǘƛƳŜǎ Ǝƭƻōŀƭƭȅ ŦǊƻƳ ǘƻŘŀȅΩǎ ƭŜǾŜƭ ƻǾŜǊ ǘƘŜ ƴŜȄt decade.  

 
20 IEA Global Energy Review 2020, 28th April 2020 
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Figure 6 Wind outlook globally to 2030 using scenarios from IRENA Energy Transformation Scenario (ETS), IEA Sustainable Development Scenario 
(SDS) and BNEF New Energy Outlook (NEO)21 

With innovation, and continuous enhancement, bigger wind turbines are being researched and planned 

as shown in Figure 7. We will be able to see wind turbines that produce more than 10GW, bringing the 

load factor up from current levels of 40%. This will drive down the levelized cost of electricity, 

encouraging further build out of both onshore and offshore wind fields.  

 

  
Figure 7 The average size of offshore wind turbines grew by a factor of 3.4 in less than two decades and is expected to grow to 
output capacity of 15ς20 MW by 2030 while the size of onshore wind turbine is expected to grow by more than 5 times over the 
last 2 decades22 

 

 
21 Source: As at 31st December 2018 - Carmignac, IRENA, BNEF and IEA  
22 IRENA ς The future of Wind A Global Transformation Paper October 2019, GE Renewable Energy, 2018; IRENA, 
2019c, 2016b; MHI Vestas, 2018 
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As wind turbines gets bigger and play a more important role in the energy system, the electrical system 

and structure gets more complex as referred to in Figure 8 and Figure 9 . Hence more components, 

services and materials are needed to be built for the large energy transition. 

  
Figure 8 Inside of a wind turbine and ecosystem of onshore wind23   

 
Figure 9 Ecosystem of offshore floating and example provided by Aker Solutions24 

This complex system contains a mix of both easily sourced and hard to procure key materials. We will 

focus just on the wind turbine itself. As shown in Figure 10 and Figure 11, the main materials needed are 

steel, copper, aluminium, concrete, rare earth minerals in the form of Neodymium and Dysprosium and 

carbon fibre or possibly polyurethane.  

 

 
Figure 10 Overview of wind power supply chain25 

 
23 The inside of a Wind Turbine by the office of energy efficiency & renewable energy , 
https://www.energy.gov/eere/wind/inside-wind-turbine 
24 Aker Solutions Annual Presentation 27th February 2020 
25 Dominish, E., Florin, N. and Teske, S., 17th April 2019, Responsible Minerals Sourcing for Renewable Energy. 
Report prepared for Earthworks by the Institute for Sustainable Futures, University of Technology Sydney 

https://www.energy.gov/eere/wind/inside-wind-turbine
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Figure 11 Materials required in a Vestas V150 4.2MW turbine26 

When comparing onshore and offshore wind turbines, offshore will be more material intensive for 2 

reasons. First of all, an entire offshore wind system will require additional cabling for the collector, to 

connect from offshore wind farms to offshore substations then to onshore substations, which drives the 

increase in copper demand. The other reason is due to the differences in the components between 

onshore and offshore wind. Generally onshore wind runs with a gearbox which is usually easier to build, 

however can be costly, heavy and less reliable. Some wind turbines, especially offshore turbines are being 

replaced by a direct drive generator which does not need a gearbox, hence much lower maintenance is 

needed while running on higher speed.  These direct drive wind turbines tend to use permanent magnet 

generators (PMG), which requires a type of rare earth materials known as Neodymium. 27 Even though 

the quantity is small within a turbine, due to the growth expected from offshore wind, there is an 

expected increase in demand for Neodymium. 

 
Material (t/GW) Offshore Onshore 

Aluminium (Al) 500 1,600 

Copper (Cu) 3,000 950 

Neodymium (Nd) 180 51 

Nickel (Ni) 240 440 
Table 3 Key differences in raw materials across direct drive (typical offshore) and gear box (onshore)28 

 

 
26 Vestas Material Use Turbines February 2018 
https://www.vestas.com/~/media/vestas/about/sustainability/pdfs/201802_material%20use%20brochure.pdf 
27 World Bank Group June 2017, The Growing Role of Minerals and Metals for a Low-Carbon Future 
28 Carmignac 30th June 2020 

https://www.vestas.com/~/media/vestas/about/sustainability/pdfs/201802_material%20use%20brochure.pdf
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Different types of build and mechanism of the turbines will drive different material requirements as seen 

in Table 3. Using our estimates of materials needed per GW and projecting from the IEA SDS scenario, we 

expect the demand for these materials to grow by at least 2.5 times for onshore and close to 7 times for 

offshore wind, from total materials used up to today to build the capacity we have as seen on Figure 12. 

 

 

  

  
 

Figure 12 Metals projection up to 2030 for wind energy build out29 

 

 

 

 

 

 

 

 
29 Estimated by Carmignac as at June 2020 
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Solar PV 

Solar continues to take the lead and will be the dominant renewable energy producer30 following its 

competitive LCOE with further aggressive downward trend31.  

!ŎŎƻǊŘƛƴƎ ǘƻ Lw9b!Ωǎ ŀƴŀƭȅǎƛǎ ǎƻƭŀǊ t± ǇƻǿŜǊ ƛƴǎǘŀƭƭŀǘƛƻƴǎ ŎƻǳƭŘ ƎǊƻǿ ŀƭƳƻǎǘ ǎƛȄ-fold over the next ten 

years, reaching a cumulative capacity of more than 3000 GW globally by 2030 and rising to more than 

8500GW by 2050, Figure 13. This implies total installed capacity in 2050 almost fifteen times higher than 

in 2019. At a global level, around 60% of total solar PV capacity in 2050 would be utility scale, with the 

remaining 40% distributed (rooftop)32 
 

 
Figure 13 Solar PV outlook to 2030 using scenarios from IRENA Energy Transformation Scenario (ETS), IEA Sustainable 
Development Scenario (SDS) and BNEF New Energy Outlook (NEO)33 

The most commonly installed solar cell globally is Crystalline silicon cells which makes up about 90% of 

the current market share and comes in the form of single crystalline, polycrystalline or amorphous silicon 

as shown in Figure 14.  

 
30 Bloomberg New Energy Finance (BNEF) New Energy Outlook 2019, 18th June 2019 
31 BNEF 2H 2019 LCOE Update 28th April 2020 
32IRENA  Future of Solar Photovoltaic November 2019 https://www.irena.org/publications/2019/Nov/Future-of-
Solar-Photovoltaic 
33 Source: As at December 2018 - Carmignac, IRENA, BNEF and IEA 

https://www.irena.org/publications/2019/Nov/Future-of-Solar-Photovoltaic
https://www.irena.org/publications/2019/Nov/Future-of-Solar-Photovoltaic
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Figure 14 Overview of a solar PV supply chain28 

 The key materials for solar PV are glass, polymer, aluminium, silicon, copper and silver34. Even though 

silver is only less than 0.1% of a solar PV module, globally, solar PV demands around 9% of total global 

production of silver.  Just like wind power, seen in Table 4 copper remains a key component as 

connector35. 

 
Material (t/GW) Crystalline Silicon (C-Si) 

Aluminium (Al) 7.5 

Copper (Cu) 4.6 

Silver (Ag) 0.2 
Table 4 Key materials for solar PV36 

Hence, like wind we expect the demand of aluminium to grow by 5 times, copper by 5 times and silver 

ōȅ р ǘƛƳŜǎ ŦǊƻƳ ǘƻŘŀȅΩǎ ƭŜǾŜƭ in Figure 15 .  

 

 
34 Dominish, E., Florin, N. and Teske, S., 2019, Responsible Minerals Sourcing for Renewable Energy. Report 
prepared for Earthworks by the Institute for Sustainable Futures, University of Technology Sydney. 
35 World Bank Group June 2017, The Growing Role of Minerals and Metals for a Low-Carbon Future 
36 Carmignac as at 30th June 2020 
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Figure 15 Metals projection up to 2030 for solar energy build out37 

Energy Storage 

With the rollout of renewable energy, comes volatility to the energy supply as renewable energy such as 

wind and solar is weather dependent and may not be able to supply energy at consistent amounts and 

frequency required to keep the grid stable. Energy storage is becoming the key challenge as the global 

economy moves from fossil fuel energy to renewable electricity and the needs of  keeping the grid stable 

while ensuring security of supply.  Energy storage comes in many forms from pumped hydropower to 

bioenergy and batteries. Battery manufacturers are gearing up for large demand increases relating to 

energy storage. We expect there will be an explosion of large-scale energy storage installed globally, with 

more than 1000 GW by 2040 as seen in Figure 16.  

 

 
37 Carmignac as at 30th June 2020 
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Figure 16 Energy storage build out projections38 

 

 

  
Figure 17 Illustrations of Zero Humber project39 

 

 

 
38 BNEF New Energy Outlook June 2019 
39 https://www.zerocarbonhumber.co.uk/  

https://www.zerocarbonhumber.co.uk/
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More research is still on going for other source of cleaner energy from biomass to carbon capture and 

storage, and hydrogen. For example, Zero Carbon Humber as seen in Figure 17, that is currently being 

built by Drax in partnership with other industrial companies like Equinor, aims to be a carbon neutral 

plant that utilises the biomass, hydrogen and carbon capture and storage of the biomass output and their 

neighbouring industry companies. 40 

All these energy storage systems will require large scale metals to install the new pipes, valves and electric 

cables. Hence, we foresee the increase in mining of copper, nickel, cobalt, lead and iron ore at large scale 

to meet this demand. 

 
 

 

  

 
40 Drax Carbon Capture for Growth https://www.drax.com/energy-policy/capture-for-growth-zero-carbon-
humber-report/#chapter-1 

https://www.drax.com/energy-policy/capture-for-growth-zero-carbon-humber-report/#chapter-1
https://www.drax.com/energy-policy/capture-for-growth-zero-carbon-humber-report/#chapter-1
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Green Mobility - Electric Vehicles (EV) 

Vehicles with a form of electric power, either full electric (BEV) or hybrids (PHEV), are redrawing the 

landscape of the automotive industry. Sales are expected to overtake traditional internal combustion 

engines (ICE) in the next two decades as seen in Figure 18. This push is being driven by regulators, striking 

ǾŜǊȅ ƻǇǘƛƳƛǎǘƛŎ ŀƴŘ ŘŜƳŀƴŘƛƴƎ ǘŀǊƎŜǘǎΦ ¢ƘŜ ¦YΩǎ ŘŜŎƛǎƛƻƴ ƻŦ ƴƻ ƴŜǿ ǇŜǘǊƻƭ ƻǊ ŘƛŜǎŜƭ ŎŀǊǎ ǎƻƭŘ ōȅ нлор ƛs 

an example of such driving regulation. 

 

 
Figure 18 Estimated outlook of global vehicle sales41  

However, this push is not naturally driven by suppliers or consumers, therefore, some concerns could be 

raised regarding raw material sourcing and a lack of infrastructures to support consumers EV demand.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
41 Bloomberg New Energy Finance (BNEF), Electric Vehicle Outlook 2020, 19th May 2020 
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Automotive manufacturing 

In anticipation of these regulations kicking in, car manufacturers have increased spending on the 

electrification of their fleet of vehicles, bringing in new models and developing new technologies with 

examples in Figure 19 . The car market may soon be flooded with new electric car models. 

 

   

Figure 19 ς LHS: Electrification investments announced by selected automakers (US$ billion); RHS: Number of EV models to be 
launched by selected automakers by 202542 

This will have significant implications on the price of electric powered cars. While today, prices remain a 

limiting factor to widespread adoption, EVs are predicted to become more affordable, with estimates 

pointing towards the mid-2020s as the crossover point with traditional ICE vehicles as shown in Figure 

20. 

 

 
Figure 20 Medium segment Battery Electric Vehicle (BEV) and Internal Combustion Engine (ICE) pre-tax prices43 

 

 
42 Marklines, company press releases, BNEF Electric Vehicle Outlook 2020, 19th May 2020 
43 BNEF Electric Vehicle Outlook 2020, 19th May 2020 
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For OEMs, much of an ƛƴǘŜǊƴŀƭ ŎƻƳōǳǎǘƛƻƴ ǾŜƘƛŎƭŜΩǎ (ICV) manufacturing process can be adapted to 

accommodate EVs, however, major differences in the amount of metals used are to be noted. Looking 

at copper, unsurprisingly the battery component adds a significant portion of copper to the total EV 

requirements, however nearly twice as much of it is needed when manufacturing the rest of the 

vehicle, bringing the total to four times as much as shown in  

Figure 21. This is because more wiring is needed to connect the battery to the other parts of the vehicle. 

It is a similar story with aluminium as shown in Figure 22, with nearly twice as much of it required for EVs 

compared to ICVs. 

 

  
 
Figure 21 LHS: Copper content per powertrain variant 44; RHS: Copper requirements in different types of transports45 

 

 
Figure 22 Average Aluminium Content per vehicle - Comparison by Powertrain Variant (Net weight in kg)46 

 

 

 

 
44 Estimated by Carmignac 30th June 2020 
45 Copper Drives Electric Vehicles, Copper Alliance https://www.copper.org/publications/pub_list/pdf/A6191-
ElectricVehicles-Factsheet.pdf  
46 Comparison of Aluminium Content by European Aluminium 10th October 2019 

+141.6kg 

https://www.copper.org/publications/pub_list/pdf/A6191-ElectricVehicles-Factsheet.pdf
https://www.copper.org/publications/pub_list/pdf/A6191-ElectricVehicles-Factsheet.pdf
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Looking at the infrastructure that is needed to support EV roll-out, there is an imperative need for a large-

scale build-out of charging points covering garage stations , shopping mall car parks and home charging 

points. We have already witnessed the rapid increase of these charging points over the last five years as 

shown in Figure 23Σ ōǳǘ ǘƘƛǎ ƛǎ ƻƴƭȅ ǘƘŜ ōŜƎƛƴƴƛƴƎΣ ŀǎ ŘŜƳƻƴǎǘǊŀǘŜŘ ōȅ 9ƴŜƭΩǎ ŎƻƳƳƛǘƳŜƴǘ ǘƻ ƛƴŎǊŜŀǎƛƴƎ 

their charging points by close to 9x from the 2019 level. Copper is the most critical metal from a charging 

infrastructure standpoint. The Copper Alliance suggested that each fast charger requires 8kg of copper 

compared to regular chargers requiring 0.7kg.47 

 

 
Figure 23 Public charging outlets installed globally (in thousands) 48 

This is a clear indication of the sheer amount of new cables that are needed to be installed, putting further 

strain on the copper supply chain. If we look at the entire ecosystem, close to 300% more copper is 

needed in comparison to ICVs. 

 

With demand in this mobility transition occurring at such a rapid rate, overall expectations of copper 

demand over the next decade will be between 5x and 7x current levels49. For aluminium rates of demand 

increase are similar at 5x current levels 50. 

 

 
47The Electric Vehicle Market and Copper Demand, June 2017, IDTechEx & Copper Alliance - https://copperalliance.org/wp-
content/uploads/2017/06/2017.06-E-Mobility-Factsheet-1.pdf 
48 BNEF Electric Vehicle Outlook 2020, 19th May 2020 
49 The Electric Vehicle Market and Copper Demand, June 2017 https://copperalliance.org/wp-
content/uploads/2017/06/2017.06-E-Mobility-Factsheet-1.pdf  
50 Comparison of Aluminium Content by European Aluminium 10th October 2019 

https://copperalliance.org/wp-content/uploads/2017/06/2017.06-E-Mobility-Factsheet-1.pdf
https://copperalliance.org/wp-content/uploads/2017/06/2017.06-E-Mobility-Factsheet-1.pdf
https://copperalliance.org/wp-content/uploads/2017/06/2017.06-E-Mobility-Factsheet-1.pdf
https://copperalliance.org/wp-content/uploads/2017/06/2017.06-E-Mobility-Factsheet-1.pdf
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Batteries 

Batteries remain the single most important component of an electric vehicle and the dominant cost driver. 

As seen previously, the price crossover between EVs and ICVs may only happen thanks to a reduction in 

the manufacturing cost the battery. The reason why lower costs may prevail is due to significant 

technology innovations and economies of scale. However, this is dependent on a sustainable, 

uninterrupted supply of raw metals. 

 A typical Lithium-ion battery has four key components: the anode, the cathode, the separator and the 

electrolyte, with detailed explanation in Figure 24. Of these elements, the cathode is by far the most cost 

intensive, coming in at around half of the total battery cell cost, and has hence attracted most of the 

innovation interest from battery manufacturers. 

 
Figure 24 Components of a Li-ion Battery51 

Looking at cathode chemistries in more detail, manufacturers have access to a wide array of compositions. 

A different cathode chemistry can allow a battery to change its characteristics, by, for example, favouring 

density and capacity over safety and reliability at different price points. The graph below, which 

represents the distribution of various cathode chemistries across the passenger EV market, shows that 

NMC (Nickel-Manganese-Cobalt) and NCA (Nickel-Cobalt-Aluminium) chemistries will continue to 

dominate. This is because consumers prioritise EVs with batteries which are lighter, allow for faster 

charging, and which have longer range. 

 
51 Samsung SDI 
https://www.samsungsdi.com/column/technology/detail/55272.html?listType=gallery#:~:text=Let's%20look%20i
nto%20Li%2Dion%20batteries%20inside%20out%20today.&text=Li%2Dion%20batteries%20consist%20of,of%20t
he%20components%20is%20missing  

https://www.samsungsdi.com/column/technology/detail/55272.html?listType=gallery#:~:text=Let's%20look%20into%20Li%2Dion%20batteries%20inside%20out%20today.&text=Li%2Dion%20batteries%20consist%20of,of%20the%20components%20is%20missing
https://www.samsungsdi.com/column/technology/detail/55272.html?listType=gallery#:~:text=Let's%20look%20into%20Li%2Dion%20batteries%20inside%20out%20today.&text=Li%2Dion%20batteries%20consist%20of,of%20the%20components%20is%20missing
https://www.samsungsdi.com/column/technology/detail/55272.html?listType=gallery#:~:text=Let's%20look%20into%20Li%2Dion%20batteries%20inside%20out%20today.&text=Li%2Dion%20batteries%20consist%20of,of%20the%20components%20is%20missing
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Figure 25 LHS: Evolution of Cathode chemistry on passenger EVs; RHS: Metal content of cathode chemistries52 

Cathode manufacturers as shown in Figure 25 will therefore only rely on a handful of metals (namely 

nickel, manganese, cobalt, aluminium and lithium) to satisfy the rapidly increasing EV consumer base. 

Looking at the entire battery pack, which contains multiple cells, copper is also required as conductor and 

aluminium as a lightweight and durable case to protect the battery cells. Demand for these metals are 

expected to grow in line with the growth expectations of EVs. 

   

Figure 26 LHS: Annual Li-ion battery demand in GWh; RHS: Metals demand from all Li-ion batteries ( thousand metric tons53 

 

Of these metals, three core and at-risk materials are Lithium, Nickel and Cobalt, which will all see 

significant demand increases over the next ten years, as shown in Figure 26.   

 

The metals and mining industry will face pressures from car manufacturers and battery manufacturers as 

they race to lower costs, whilst at the same time demanding a significantly higher amount of raw 

materials to satisfy the mobility transition. Supply chain issues could cause large disruptions if metal 

reserves deplete to the extent where they cannot satisfy the increased production requirements from 

car manufacturers.  

 

 
52 BNEF Electric Vehicle Outlook 2020, 19th May 2020 
53 Bloomberg New Energy Finance (BNEF) New Energy Outlook 2019, 18th June 2019 




























