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FOREWORD 
As a development finance institution, IFC is committed to climate action and the sustainable development 

of critical minerals in emerging markets. We support our clients in their decarbonization journeys by 

catalyzing investment in low-carbon technologies, using green and sustainability-linked financing, 

mobilizing private capital in emerging markets, and co-sponsoring research, as well as by working in 

partnership with the public and private sector. 

To meet the Paris Agreement’s goal of limiting global warming to 1.5°C, the world needs to rapidly 

transition towards a low-carbon economy. This transition is reliant on mining minerals and metals such 

as copper and nickel, which are critical inputs to clean energy technologies, from electric vehicles to 

renewable energy sources like wind and solar for energy transmission and storage.  

Our baseline models indicate that by 2050, annual nickel supply will need to increase by 208 percent and 

annual copper supply will need to grow 156 percent relative to 2020 production levels, to satisfy the needs 

of clean technology deployments. Nickel and copper are among at least 17 minerals and metals requiring 

significantly expanded production to meet net zero emissions goals by 2050. And herein lies the 

challenge: There are significant greenhouse gas (GHG) emissions associated with mining these critical 

minerals today. To achieve net zero on a global basis by 2050 or sooner, the mining sector must find ways 

to meet the exponentially growing demand for these critical minerals while operating on a net zero basis 

itself. 

To this end, the industry’s net zero commitments must: include credible, science-based plans, with interim 

targets on scope 1, 2, and material scope 3 GHG emissions; lay out technological deployment pathways 

and associated resourcing; lead in social and environmental outcomes; build community and supply chain 

resilience; ensure a just transition; and be intentional about collaboration. Scaling the existing and 

emerging technology solutions at the necessary rate will require extensive collaboration across the 

mineral value chain. Positive examples of such collaboration with upstream and downstream suppliers 

and customers are described in this roadmap. 

On behalf of the World Bank Group’s Climate Smart Mining (CSM) initiative, I am pleased to bring you IFC’s 

net zero roadmap for copper and nickel value chains. This document was developed in partnership with 

the Carbon Trust, Rocky Mountain Institute (RMI), the Colorado School of Mines, and the Colombia Center 

on Sustainable Investment at Colombia University. We hope that this resource will support mining 

companies in building their decarbonization action plans and encourage continued collaboration among 

industry players, policymakers, communities and sustainable finance investors to ensure the metals and 

minerals for green technologies are supplied in a resilient, equitable, and sustainable manner. 

 

Namrata Thapar 

IFC Global Mining 

Manager  

Veronica Nyhan Jones 

IFC Sustainable Infrastructure Advisory 

Manager 
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Disclaimer 

© International Finance Corporation 2023. All rights reserved. 

2121 Pennsylvania Avenue, N.W. 

Washington, D.C. 20433 Internet: www.ifc.org 

 

The material in this work is copyrighted. Copying and/or transmitting portions or all of this work without 

permission may be a violation of applicable law. IFC encourages dissemination of its work and will 

normally grant permission to reproduce portions of the work promptly, and when the reproduction is for 

educational and non-commercial purposes, without a fee, subject to such attributions and notices as we 

may reasonably require. 

 

IFC does not guarantee the accuracy, reliability or completeness of the content included in this work, or 

for the conclusions or judgments described herein, and accepts no responsibility or liability for any 

omissions or errors (including, without limitation, typographical errors and technical errors) in the 

content whatsoever or for reliance thereon. The boundaries, colors, denominations, and other 

information shown on any map in this work do not imply any judgment on the part of The World Bank 

concerning the legal status of any territory or the endorsement or acceptance of such boundaries. The 

findings, interpretations, and conclusions expressed in this volume do not necessarily reflect the views 

of the Executive Directors of The World Bank or the governments they represent. 

 

The contents of this work are intended for general informational purposes only and are not intended to 

constitute legal, securities, or investment advice, an opinion regarding the appropriateness of any 

investment, or a solicitation of any type. IFC or its affiliates may have an investment in, provide other 

advice or services to, or otherwise have a financial interest in, certain of the companies and parties 

named herein. 

 

All other queries on rights and licenses, including subsidiary rights, should be addressed to IFC’s 

Corporate Relations Department, 2121 Pennsylvania Avenue, N.W., Washington, D.C. 20433. 

 

International Finance Corporation is an international organization established by Articles of Agreement 

among its member countries, and a member of the World Bank Group. All names, logos and trademarks 

IFC are the property of IFC and you may not use any of such materials for any purpose without the 

express written consent of IFC. Additionally, “International Finance Corporation” and “IFC” are registered 

trademarks of IFC and are protected under international law. All other product names, trademarks and 

registered trademarks are property of their respective owners. 
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1. INTRODUCTION 

1.1. Objectives and scope of the net zero roadmap technical report 

This report, the Net Zero Roadmap for Copper and Nickel Mining (herein referred to as the ‘Roadmap’), 

builds on current industry knowledge and sets out a science-based net zero transition strategy for 

copper and nickel mining value chains.1 The Roadmap can be used by copper and nickel mining value 

chain actors2 to guide their net zero transition. It sets out clear actions to facilitate a successful net zero 

transition, with proposed achievement waypoints in the lead up to 2050. It also considers broader 

ecosystem actions, such as management of ESG impacts, enabling a just transition to net zero mining, 

overcoming policy challenges, and securing access to sustainable finance, all of which are essential to 

support the transition to net zero greenhouse gas (GHG) emissions.  

Copper and nickel mining value chains were used as test cases to explore the challenges and 

opportunities that will occur between now and 2050 as the global energy transition (GET) accelerates. 

The Roadmap learnings are adaptable to other energy transition metals3 (ETM) required to ensure a 

successful GET. 

1.2. The case for a just transition to net zero copper and nickel mining  

“The net zero equation means reducing GHG emissions as much as possible and offsetting all that cannot 

be reduced — while simultaneously pursuing sustainable economic development and inclusive growth”.i 

According to the Intergovernmental Panel on Climate Change (IPCC), to avoid the worst impacts from 

climate change the global economy needs to prevent average global temperatures from increasing by 

more than 1.5°C above pre-industrial levels.ii The Paris Agreement – a legally binding international 

Government treaty on climate change – recognizes this imperative and aims to limit global warming to 

well below 2°C, and preferably to 1.5°C.iii  

Staying within the 1.5°C temperature limit requires global GHG emissions to reach net zero by 2050. 

This means reducing GHG emissions by between 85% and 90% from 2020 levels by 2050.iv Net zero will 

be achieved when the remaining 10% to 15% of residual or hard-to-abate emissions4 are “neutralized” or 

“balanced” using credible carbon removal offsets5.  

Achieving net zero global emissions requires deep decarbonization of the global energy sector, referred 

to as the GET. The GET will be achieved by moving away from fossil fuels to renewable energy sources, 

such as solar, wind and batteries, and the adoption of low-carbon technologies, such as battery electric 

vehicles.  

The scale of the technological transformation required is unparalleled. The copper and nickel mining 

and metals sectors have critical roles to play in the GET. Renewable and low-carbon technologies are 

 

1 The scope of the Roadmap is confined to copper and nickel mining value chains, which are defined as extraction and processing 
of each metal into an intermediary product. For example, extracting copper and processing into a copper cathode.  
2 Mining value chain actors are defined as companies with extraction and/or processing activities within the scope of the defined 
mining value chain. 
3 Energy transition metals (ETMs) are those required for renewable energy and low-carbon technologies, such as solar PV, wind, 
batteries and electric vehicles. ETMs include copper, nickel, cobalt, and aluminium, amongst others.   
4 Residual or hard-to-abate emissions are those that cannot be mitigated due to technology or economic limitations. For example, 
GHG emission from chemical reactions in a production process that cannot be avoided.  
5 Carbon removal offsets are those that sequestrate or remove GHG emissions from the atmosphere.  
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metals-intensive and reliant on ETMs, such as copper and nickel. Copper is a key input for solar, wind 

and transmission technologies, and nickel is used extensively in electric vehicles and batteries. The GET 

will substantially increase demand for all ETMs, not just copper and nickel.  

Securing long-term and consistent supply of copper and nickel is a significant risk to the GET. Future 

demand for these metals requires the unprecedented scale-up in primary and secondary production. Any 

delay to this scale-up threatens the GET and, therein, the global community’s capacity to achieve net zero 

emissions.  

Business-as-usual copper and nickel production processes are carbon-intensive. If these are used to 

support the GET, they will rapidly increase GHG emissions from primary metal production, prevent net 

zero from being achieved, and exacerbate the climate crisis. This cannot be allowed to happen. Copper 

and nickel mining value chain actors need to ensure that metals supply is aligned to the Paris Agreement.  

1.3. The structure of the Roadmap  

This report consists of seven chapters, each focused on one building block needed to achieve net zero 

mining in a just and inclusive manner by 2050.  

Table 1: Structure of the Roadmap 

Chapter Precis  

1. Introduction to the 

Roadmap 

How copper and nickel mining value chains support the GET and the global 

community’s action on climate change.  

2. The decarbonization 

challenge for copper 

and nickel 

There is a very large decarbonization challenge to be solved across copper and 

nickel mining value chains as they scale up to meet substantial growth in 

demand. 

To reach net zero emissions by 2050, copper and nickel mining value chains will 

need to reduce absolute emissions by ~90% from 2020 levels, and “neutralize” the 

remaining ~10% with credible carbon removal offsets: 

• Copper from 85 MtCO2e/y to 8.5 MtCO2e/y and remove remaining 

emissions 

• Nickel from 88 MtCO2e/y to 8.8 MtCO2e/y and remove remaining emissions  

However, these emissions reductions will need to occur while simultaneously 

increasing supply to meet growing demand from the GET. By 2050, demand for 

these metals will increase significantly from 2020 levels: 

• Copper by 156% to 59 Mt/y  

• Nickel by 208% to 11.5 Mt/y 

Under a business-as-usual (BAU) scenario, GHG emissions from primary production 

will also increase substantially: 

• Copper by 125% to 192 MtCO2e/y  

• Nickel by 90% to 167 MtCO2e/y 

It is, therefore, critical that copper and nickel mining value chains decouple GHG 

emissions from supply growth and reach net zero by 2050. Failure to do so will have 
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Chapter Precis  

perverse outcomes for the GET, which could contribute to the climate crisis rather 

than mitigate it.  

3. A Net Zero Roadmap 

for copper and nickel 

mining 

Very deep decarbonization can be achieved through use of low-carbon 

technologies. These are cost-effective and can help achieve net zero emissions 

by 2050. 

To achieve net zero, copper and nickel mining value chains need to take immediate 

and coordinated action to deeply decouple supply growth from GHG emissions. 

This decoupling, as presented in this report, is achievable for copper and nickel 

mining value chains.  

Central to decoupling is wide-scale investment and adoption of cost-effective 

renewable energy technologies, deployment of energy efficient processes and/or 

new processes and technologies with lower emissions footprint (such as mine site 

electric trucks).    

ESG co-benefits can be captured, enhancing wider sustainability impacts.  

Increased copper and nickel production is likely to exacerbate environmental and 

socio-economic risks associated with mining and metals production. Increased 

production, if not done in a sustainable and inclusive manner, is likely to place 

additional pressure on biodiversity, water resources, and local communities in 

mining regions. This could perpetuate and intensify existing negative 

environmental and socio-economic impacts of mining.  

A wholistic ESG approach to climate action is encouraged and mining value chain 

actors should consider how implementing these decarbonization solutions can be 

used to capture environmental, social and governance (ESG) co-benefits (e.g., 

biodiversity, water security, gender inequality).  

4. Delivering a just 

transition 

 

Decarbonization can be used to deliver a just transition to net zero mining and can 

support regional resilience building.  

Supplying the GET, whilst decarbonizing copper and nickel mining value chains, will 

require substantial capital investment that can be used to achieve multiple 

outcomes. Value chain actors are encouraged to adopt the principle of 

“governance for additionality”6  and work together with all mining stakeholders to 

co-deliver a just transition. A just transition should ensure that stakeholders’ “lives 

and livelihoods are uplifted" because of net zero mining and the GET. In doing so, it 

can positively and strongly contribute to the Sustainable Development Goals 

(SDGs). 

5. Sustainable finance 

for a just transition to 

net zero mining 

Embracing sustainable finance opportunities can help fund the transition to net 

zero mining in an inclusive and just manner, with additional financial and non-

financial co-benefits to mining value chain actors.   

 

6 The governance for additionality principle is a requirement in emerging sustainable social taxonomies and carbon offsets. It 
requires net-positive outcomes that would not have occurred in the absence of an intervention or project that goes beyond 
business-as-usual. Please refer to the European Union Platform on Sustainable Finance, Social Taxonomy for more information. 

https://ec.europa.eu/info/sites/default/files/business_economy_euro/banking_and_finance/documents/sf-draft-report-social-taxonomy-july2021_en.pdf
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Chapter Precis  

The sustainable finance ecosystem is rapidly evolving, and mining value chain 

actors are encouraged to act quickly to secure access to sustainable finance 

opportunities, or risk being left behind. Sustainable finance can not only support a 

just transition to net zero mining but provide value chain actors with addition co-

benefits. These include diversifying a company’s investment pool, pricing 

advantages and cheaper cost of capital, communicating sustainability strategies 

internally and externally, adherence to sustainability leadership and stewardship 

governance frameworks that guide capital investment and enhance reputation due 

to independent financier oversight of the sustainability outcomes of different 

projects. 

6. Policy, legal and 

regulation  

Mining value chain actors are encouraged to engage with governments to help 

overcome policy, legal and regulatory barriers obstructing the transition to net 

zero mining.  

National governments have an enabling role for a just transition to net zero mining. 

The apparatus of government is evolving to create the legal landscape, policy 

incentives and financial instruments, to support sustainable net zero mining that 

co-delivers positive ESG and just transition outcomes. Regulatory factors will be 

needed to support transition while providing the framework for a stable and 

functioning market and economic environment. Understanding mining value chain 

actors’ needs, and collaboratively engaging with governments will be required to 

decarbonize mining activities and achieve net zero emissions efficiently at scale. 

7. Collaborative 

initiatives to support 

the net zero transition 

Collaboration will aid Roadmap implementation and amplify decarbonization, 

sustainability and just transition impacts across the mining sector and beyond. 

The enormity of transforming copper and nickel mining value chains in less than 30 

years is beyond the capability of any one company. Sustained multi-stakeholder 

collaboration, such as with industry associations, governments, technology 

developers, labor and local communities, will be key to achieving a just transition to 

net zero mining across both value chains.  
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2. THE DECARBONIZATION CHALLENGE FOR 
COPPER AND NICKEL MINING 

This chapter of the Roadmap discusses the global scale of both the opportunity and challenge posed by 

the energy transition upon copper and nickel mining value chains. It also provides insights relevant to 

the broader mining and metals industry. 

2.1. Copper and nickel demand growth forecasts 

The metals and mining sector has a critical role to play in the GET and fight against climate change. 

Renewable energy and low-carbon technologies that enable the GET are metals-intensive and reliant on 

ETMs, such as copper and nickel. Copper is a key input for solar, wind and transmission technologies, 

and nickel is used extensively in electric vehicles and batteries. The GET will increase demand for all 

ETMs not just copper and nickel. The following section provides a deep dive into demand growth 

forecasts for copper and nickel.  

Box 1: Demand and GHG emissions forecast methodology 

The demand and emissions forecasts were developed by: 

• Analyzing internationally recognized models (listed in Figure 1) of the global technology mix required for a 

1.5°C energy transition, including the fraction of global energy needs that can be electrified and the pace of 

deployment required for key technologies, such as solar PV, wind, and batteries. 

• Estimating copper and nickel demand growth based using data on the material intensity of these key 

technologies. Sensitivity analysis is used to consider impacts to demand from technology changes (e.g., 

shifting Li-ion batteries towards more nickel-rich chemistries).  

• Determining the share of copper and nickel production from recycled (secondary) sources that would be 

available given the new demand. This share is determined by the stock and recycling rate of copper and nickel 

in the global economy. The remainder of demand will be met by increasing primary (i.e., from ore) production.  

• Estimating the emissions associated with this increasing primary demand, given forecasts of declining ore 

grades and the impact of reducing the emissions intensity of the electricity grid.   

The estimates cover all emissions (direct emissions as well as emissions from electricity use and upstream inputs) 

up to the point of metal production (copper cathode, ferronickel, nickel pig iron, nickel metal, or nickel sulphate). 

However, exploration activities, land-use changes and bulk transport are excluded. The estimates also consider the 

main primary sources (sulfide/oxide ore for copper and sulfide/laterite ore for nickel) and processing routes.7 

2.1.1. The technology mix and demand required for the global energy transition 

Most 1.5°C-aligned scenarios agree on the need for increased electrification (e.g., switching to electric 

vehicles (EV)), with massive deployments of solar PV and wind energy (Figure 1). The International 

Energy Agency’s Net Zero Energy by 2050 scenario (hereafter the IEA NZE scenario) was selected as the 

basis for the copper and nickel demand estimates. This scenario aligns with the broad consensus of 

 

7 The processing routes considered are sulfide smelting for both copper and nickel; heap leach (of oxide ore) with solvent 
extraction and electrowinning (SX-EW) for copper only; and high-pressure acid leach (HPAL), rotary kiln electric furnace (RKEF), 
and blast furnace treatment of laterite ores for nickel only.  
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1.5°C scenarios and provides a middle ground compared with other globally recognized models and 

forecasts in terms of demand growth, electrification, solar and wind penetration. 

 

 
Figure 1: Comparison of 2050 global technology mix forecast scenarios 

Achieving IEA’s NZE 1.5°C trajectory requires rapid growth in several renewable energy and low-carbon 

technologies (Figure 2). In the short-term (2020 – 2030), the transition primarily relies on solar PV and 

wind energy deployment (from ~250 GW/year to ~1,000 GW/year), and EV production (from ~3 million 

cars/year in to ~54 million cars/year). Other key technologies presented in Figure 2, such as hydrogen 

electrolyzers and carbon capture and storage (CCS), start off with a lower installed base and, therefore, 

have a higher compound annual growth rate in the short-term (2020-2030). In absolute terms, however, 

solar PV, wind and EV batteries see greater deployment.  

 
Figure 2: Projected growth rates for key energy transition technologies8 

 

8 Projected growth rates for key energy transition technologies base don IEA NZE Scenario 
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Copper and nickel (in addition to other ETMs) are key inputs for these renewable energy and low-carbon 

technologies. Copper is crucial input for solar PV, wind, batteries, transmission and carbon capture and 

storage technologies. Nickel is a critical input for various battery technologies and geothermal 

technologies (Table 2). The GET will inevitably increase demand for these technologies, and the ETMs 

used to produce them.   

Table 2: Copper and nickel intensity for key transition technologies 
Technology Copper Nickel 

Hydrogen Electrolyzers   

Carbon Capture and Storage   

Nuclear   

Hydroelectric   

Concentrated Solar Power   

Geothermal   

Grid Batteries   

EV Batteries   

EV Chargers   

Transmission   

Wind   

Solar PV   

Key: Material intensity for each technology  

Low:  Moderate:  High:  

   

Future demand for copper and nickel will also be driven by economic growth and increasing demand in 

existing uses for each metal. Currently, copper is used extensively in electrical applications, such as 

wiring, plumbing, electric motors, and electronic devices. It is also used as an alloying element to 

produce metals for building materials and other applications (Figure 3). Nickel is primarily used to 

produce stainless steel for construction, industrial, and transport applications (Figure 3). Demand 

associated with these existing uses for both metals will continue to increase with global economic 

development and population growth. 

 
Figure 3: Existing copper and nickel uses 
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2.1.2. Copper demand forecast 

The total annual demand for copper projected to increase by 156% by 2050, relative to a 2020 baseline, 

at compound annual growth rate (CAGR) of 3.3% (Figure 4). Roughly 25% of copper demand in 2050 will 

be driven by renewable energy and low-carbon technologies, equivalent to 70% of current total demand. 

Demand from existing copper uses will account for 74% of 2050 demand.  

 
Figure 4: Copper demand forecast 

2.1.3. Nickel demand forecast  

The total annual demand for nickel is projected to increase by 208% by 2050, relative to a 2020 baseline 

at a CAGR of 4% (Figure 5). Roughly 33% of nickel demand in 2050 will be driven by renewable energy 

and low-carbon technologies, which is higher than today's total demand for nickel. Demand from 

existing nickel uses will account for 67% of total 2050 demand.  

 
Figure 5: Nickel demand forecast 
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2.1.4. Demand forecast uncertainty due to potential technology shifts 

There is a degree of uncertainty surrounding the energy transition, particularly with regards to how 

renewable energy and low-carbon technologies will be manufactured. This will have implications for the 

confidence of copper and nickel demand forecasts. For example, the solar PV market is currently 

dominated by crystalline silicon (c-Si) panels, which are copper-intensive to manufacture. However, 

there is potential for thin-film technologies9, which are less copper-intensive, to increase in overall 

market share and replace c-Si panels as the preferred solar PV technology.  

In the copper demand forecast above, these thin-film technologies gain market share from ~5% in 2020 

to 15% in 2050 (Figure 6) on the assumption that thin-film technologies remain deployed in niche 

applications where lower weight or greater flexibility are required. This change in market share would 

reduce cumulative copper demand for solar PV panels by ~4% in 2050, relative to a scenario where 

today’s market share was maintained.  

In a more bullish scenario where thin-film technologies achieve a 50% market share by 2050, cumulative 

copper demand for solar PV panels would decline by ~20%. However, because solar PV panels represent 

a small part of overall copper demand (Figure 6), this would only reduce total 2050 copper demand to by 

~0.1%. 

 
Figure 6: Copper demand impacts from different solar PV technology scenarios 

Conversely, because EV batteries represent a larger share of both copper and nickel demand, any 

material intensity uncertainty in battery technologies will have a much larger impact on demand 

forecasts. Typical automotive Li-ion batteries contain lithium, cobalt, manganese, and nickel in the 

cathode; graphite in the anode; and aluminum and copper in the other cell and pack components. 

Recently, EV manufacturers have been shifting towards higher nickel cathode chemistries. This is 

primarily to avoid the use of cobalt, which is both high-cost and associated with poor labor practices in 

Sub-Saharan Africa. This could lead to increased use of nickel in EV battery technologies and a high-

nickel scenario (Figure 7a).v  

Alternatively, EV manufacturers, such as Volkswagen and Tesla,vi could use lithium ferrophosphate 

(LFP) batteries for entry-level EV models (due to lower energy density and cost). Nickel-rich cathodes, 

such as nickel-cobalt-aluminum (NCA) or nickel-manganese-cobalt (NMC) variants, would be used in 

 

9 These technologies include cadmium telluride (CdTe), copper indium gallium selenide (CIGS), and amorphous silicon (a-Si). 
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high-end models. This could lead to a reduced use of nickel for EV batteries and a low-nickel scenario 

(Figure 7b).  

 
Figure 7: EV battery market share by technology type under two scenarios 

The high-nickel scenario increases the cumulative nickel demand for EV batteries by ~137% by 2050 

(Figure 8Error! Reference source not found.b). The impact on copper demand from shifting cathode 

chemistry is much smaller, because copper is used in auxiliary components and not the cathode itself. 

The high-nickel scenario results in a ~13% decrease in copper demand for EV batteries due to the 

impacts of higher energy density, requiring fewer battery cells per vehicle (Figure 8a). 

 
Figure 8: Copper and nickel demand under different EV battery technology scenarios 

The “baseline” demand forecast for copper and nickel (Figure 4 and Figure 5) are based on the low-

nickel scenario illustrated in Figure 8, given that it aligns with some automakers’ stated strategies. The 

scenario analysis above highlights the impact of the battery chemistry uncertainty on copper and nickel 

demand. The high-nickel case could cause copper demand for low-carbon technologies to decrease by 

~3%, while potentially increasing nickel demand for low-carbon technologies by as much as 45% in 

2050. However, significant uncertainties associated with cell and pack design (e.g., alteration of 

connector thickness), which are not considered here, may shift the copper demand for EV batteries. 

Demand estimates for both minerals could be further impacted in later years (post-2030) by battery 

technology shifts that have not yet demonstrated commercial viability, such as solid-state (with lithium 

metal anodes) or lithium-air technology. 
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2.2. Future copper and nickel supply 

Future copper and nickel demand will be met through a mix of primary (mined) and secondary (recycled) 

sources. Meeting demand using secondary sources has the advantage of producing fewer GHG 

emissions, relative to primary sources. For example, producing 1 kg of copper from primary sources 

(mining) typically results in ~4.5 kgCO2e in GHG emissions. This emissions footprint decreases to ~1.5 

kgCO2e when producing 1 kg of copper from secondary sources (recycled copper from post-consumer 

waste / final product end-of-life).vii  

It is estimated that currently ~30% of copper and ~65% of nickel in post-consumer waste streams are 

recycled.viii Increasing these recycling rates could increase the share of secondary sources available to 

meet growing copper and nickel demand. Increased recycling rates could be supported by economic 

factors (as primary extraction costs increase with declining ore grades) as well as greater environmental 

(e.g., emissions savings and waste minimization), social (e.g., job creation) and regulatory emphasis on 

circularity.  

The Roadmap modelled share the potential future demand for copper and nickel that would be met from 

secondary sources. It suggests that there is still scope for improving recycling rates given that a large 

portion of material is still sent to landfill rather than being recycled (Figure 9).  

 
Figure 9:The copper lifecycle in 2020 

Despite the scope for improved recycling, the share of copper and nickel supply from secondary sources 

is expected to decrease between 2020 – 2030 (Figure 10). This is due to two interrelated factors. The 

first is that primary producers are in a better position to increase supply short-term relative to secondary 

producers. The second is that there is roughly a 10-year lag time for primary or “virgin” products to reach 

their end-of-life and become available for secondary use/recycling. This means there is less material 

available for recycling in the short-term.  

High future growth in the use of different technologies will exacerbate this trend. For example, global EV 

sales in 2011 were only ~40 000 units compared to ~3 million units in 2021.ix This means the amount of 

used batteries available for recycling is much lower in the short-term (assuming an approximate 10-year 

life) than the material demand for new EV batteries.   



 

12 

 
Figure 10: Secondary sources as a share of total copper and nickel production 

However, as more secondary copper and nickel material becomes available (as more low-carbon 

technologies reach their end-of-life post-2030), and recycling rates improve, the share of secondary 

supply will increase post-2030. The model estimates that the share of secondary supply will increase to 

approximately 40% and 57% of total copper and nickel demand respectively by 2050 (Figure 10).  

Specifically, it is expected that recycling of EV batteries will play a significant role in providing a source 

of secondary inputs. Today, ~50% of Li-ion batteries are recycled.x This occurs even though most of 

these are small-format (e.g., phone and laptop) batteries, which increase costs relating to collection and 

sorting.  

In the future, the larger format of EV batteries will lower these costs, further improving the economics 

for recycling. This is evidenced by recycling of other materials from end-of-life vehicles. For example, the 

steel recycling rate from cars in the United States is currently more than 90%,xi whilst lead-acid battery 

recycling rates (supported by regulatory mechanisms) are ~99%.xii Research commissioned by the 

Swedish Energy Agency also found that most markets currently have more capacity to recycle Li-ion 

batteries than the amount reaching end-of-life.xiii In addition, several companies have announced 

intentions to invest in additional capacity to process EV batteries in the future.xiv Therefore, based on 

these considerations, the Roadmap model assumed that 90% of copper and nickel in EV batteries would 

be recovered and used as a secondary input. This leads to the medium- (2030 – 2040) and long-term 

(2040 – 2050) increases in the share of secondary sources for copper and nickel in Figure 10. 

2.3. GHG emissions forecast from primary copper and nickel production 

Increased demand for copper and nickel threatens to increase GHG emissions associated with carbon-

intensive primary production. The Roadmap modelled the potential “business-as-usual” (BAU) increase 

in GHG emissions associated with the copper and nickel demand forecast. The BAU GHG emissions 

forecast only considered emissions from primary production and excluded emissions from secondary 

production of copper and nickel or GHG emissions from land-use change. The model also accounted for 

BAU declines in grid-based electricity emissions intensity and declining ore grades. Since the underlying 

scenario for the Roadmap forecasts were based on technology deployment required for a 1.5°C 

trajectory, grid-based electricity emissions intensities were assumed to decline by 57% decline by 2030 

and 96% by 2050). Copper and nickel ore grades were assumed to decline from 0.9% to 0.3%, and from 

1.4% to 0.4% respectively between 2020 and 2050. xv  
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The results indicate that absolute GHG emissions from BAU primary production of copper and nickel 

increase by 125% and 90% respectively. It is likely that the emissions intensity per weight of copper and 

nickel produced might also increase due to declining ore grades at new and established mine sites. This 

increase will be at least partially offset by decreasing emissions intensity of grid-delivered electricity—

which is the current source of a large portion of the energy requirements for copper and nickel 

production. 

2.3.1. Copper GHG emissions forecast 

Absolute GHG emissions from primary copper production are expected to increase by 125% between 

2020 and 2050, at a CAGR of 2.7% (under a BUA scenario – “combined impact of declining ore grade 

and decarbonizing electricity grids” in Figure 11). However, copper value chain actors will need to 

support grid decarbonization to ensure GHG emissions growth does not exceed 125%. Without 

aggressive grid decarbonization, GHG emissions could increase by as much as 437% by 2050 (“impact 

of declining ore grade” scenario in Figure 11). If current emissions intensities remain constant (no 

decline in ore grade), GHG emissions form copper production could increase by as much as 108% 

(“current emissions intensity” scenario in Figure 11).  

 
Figure 11: GHG emissions forecast for primary copper production 

Declining ore grades, mine type and processing rout can also influence GHG emissions intensity of 

copper (Figure 12). Most GHG emissions from copper come from mine and concentrator emissions and, 

therefore, a decline in ore grade could increase the emissions intensity per unit output of copper. For 

example, the emissions intensity for an open-pit operation with a 0.8% head grade would increase by 

~28% if the grade were reduced to 0.6%. Emissions intensity is also influenced by mine type and 

processing route. For example, an underground mine is less emissions intensive than an open-pit mine. 

While underground mines use electricity for ventilation, and open-pit mines do not, underground 

operations tend to use a more selective mining method, resulting in higher ore grades and lower 

emissions intensity relative to open-pit mining (Figure 12). 
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Figure 12: GHG emissions intensity for underground and open-pit copper mining 

2.3.2. Nickel GHG emissions forecast 

The trends are similar for nickel – absolute GHG emissions from primary production increase by 90% 

between 2020 and 2050, at a CAGR of 2.2% (under a BUA scenario – “combined impact of declining ore 

grade and decarbonizing electricity grids” scenario in Figure 13). Nickel value chain actors will need to 

support grid decarbonization to ensure GHG emissions growth does not exceed 90%. Without 

aggressive grid decarbonization, GHG emissions could increase by as much as 164% by 2050 (“impact 

of declining ore grade” scenario in Figure 13). If current emissions intensities remain constant (no 

decline in ore grade), GHG emissions form nickel production could increase by as much as 77% 

(“current emissions intensity” scenario in Figure 13). 

 
Figure 13: GHG emissions forecast for primary nickel production 

Declining ore grades, mine type and processing rout can also influence GHG emissions intensity of 

nickel (Figure 14).  However, declining ore grades have a smaller impact on nickel emissions intensity, 

relative to copper, because a greater proportion of nickel emissions come from downstream processing 

rather than the mine and concentrator. Processing routes have significant impacts on emissions 

intensity for nickel. Given that a large portion of nickel (~70%) is used to produce stainless steel, it is not 

necessary to separate nickel from iron, resulting in a market for combined ferronickel products. These 
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products (referred to as Class 2 nickel) are produced via pyrometallurgical routes and thus tend to rely 

on coal as a fuel source and reducing agent. This results in these nickel processing routes having a 

higher emissions intensity, relative to other nickel processing routs. Because battery-grade nickel (i.e., 

nickel sulphate chemical) is only produced from Class 1 nickel (Figure 14),10 which tends to have lower 

emissions intensities, the growth in nickel emissions is also reduced as more production switches to 

these routes to satisfy the demand from EV batteries. 

 
Figure 14: GHG emissions intensity for different nickel production routesxvi 

 

 

 

10 Class 1 sulphide refers to open-pit mining with sulphide smelting and refining; Class 1 laterite refers to a high-pressure acid 
leach; Class 2 ferronickel refers to a rotary kiln and electric furnace process for laterite ore; and Class 2 nickel pig iron refers to 
blast furnace processing of laterite ore. 
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2.4. Land-use change risks from increasing copper and nickel demand 

Under a 1.5°C scenario, copper and nickel demand is expected to increase by 156% and 208% 

respectively by 2050 (including demand for clean energy technologies and existing uses). This 

unprecedented increase in demand threatens to perpetuate negative environmental and socio-economic 

impacts associated with direct and indirect land-use change from copper and nickel mining.xvii Indirect 

land-use change impacts (e.g., peri-urban sprawl, agriculture, hunting etc.) from increased migration to 

mining regions can potentially outpace and outlast the direct footprint from mining value chain 

activities. More importantly, unsustainable land-use practices could contribute to the dual global crises 

of climate change and biodiversity loss. The Roadmap specifically focused on how copper and nickel 

mining might contribute to the global climate change and biodiversity crises through unsustainable land-

use change. Other ESG risks, particularly water in the context of copper, were regarded as more 

regionalized risks and therefore not a priority for the Roadmap. However, minoring companies are 

encouraged to ensure they address all ESG risks and strive for net-positive ESG outcomes. 

Box 2: Direct vs indirect land-use changexviii 
Land-use change is defined as a process by which human activities (e.g., mining, agriculture and urbanization etc.) 

transform the natural landscape. In the context of the Roadmap, land-use change refers to a change in land-use 

from natural ecosystems to cleared land for mining activities and respective infrastructure (e.g., extraction, 

processing and supporting infrastructure for transportation and energy).  

Direct land-use change results from mining value chain activities directly owned and/or controlled by a mining 

company/value chain actor (e.g., “scope 1 activities” that cause land-use change, such as extraction, storing of 

mine waste and land clearing for processing infrastructure).  

Indirect land-use change result from supporting activities associated with mining value chain activities and are not 

owned and/or controlled by the mining company/value chain actor (e.g., “scope 3 activities” that cause land-use 

change, such as urban and agriculture development, transport and energy infrastructure etc.). 

The assumption is that increased demand for copper and nickel will increase new mine (and supporting 

infrastructure) development in natural habitats (with relatively little human influence) to access new ore reserves. 

Other mining scenarios might exist where expansion of existing mining value chain activities might also lead to an 

increase in land-use change and associated impacts. Therefore, the environmental and socio-economic baseline 

conditions at a particular site will influence land-use change impacts and the scope of necessary mitigation 

measures. 

Good land-use governance is critical for mitigating negative land-use change impacts and capitalizing 

on sustainable land-use opportunities for additional, net-positive environmental and social outcomes. 

There is generally a difference in pre- and post-mining landscapes and land-uses, with the most 

common post-mining land-use being agriculture; forestry; recreation; construction; lakes and 

conservationxix. While perceptions of post-mining land-use is often negative, it can provide positive 

environmental and socio-economic benefits, depending on the post-mining land-use itself and degree of 

impact from mining operations. Post-mining land-use is influenced by economic, legal, regulatory, social 

and technical factors, including zoning and planning laws, pre-mining environmental and socio-

economic baseline conditions, current land-use surrounding the mine site (e.g., infrastructure, 

agriculture) and post-mining environmental conditions. Therefore, post-closure land-use management 

would differ across regions and site-specific contexts (e.g., in remote forests of Indonesia, the focus 

might be to remediate and restore lands to as close to the pre-miming state as possible. In Minas Gerais 
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in Brazil, post-mining land-use might support a mix of sustainable, nature-based uses and commercial 

repurposing to retain the land’s economic value and productivity for alternative uses). 

The following section assessed two critical environmental risks associated with direct and indirect land-

use change from increasing copper and nickel mining value chain activities: (i) gross GHG emissions 

from land-use change caused by copper and nickel mining value chain activities (referred to as “land-use 

change emissions”), and (ii) biodiversity risks from land-use change caused by copper and nickel mining 

value chain activities (referred to as “biodiversity risks”). Recommendations are put forward for 

mitigating land-use change emissions and biodiversity risks. While the focus of this section is on 

environmental land-use change risks, other environmental (e.g., water consumption) and socio-

economic risks (e.g., gender inequality) should also be monitored and mitigated by copper and nickel 

mining value chain actors.  

2.4.1. Climate change risks from unsustainable land-use change 

Land-use change emissions, under a 1.5°C demand scenario for copper, could double by 2030 and 

almost quadruple by 2050, causing a cumulative increase in gross GHG emissions of ~22.7 MtCO2e 

between 2020 and 2050 (Figure 15). This equates to an additional ~0.6 MtCO2e per annum (~0.5% of 

total projected emissions) by 2030 and 1.1 MtCO2e per annum (~0.6% of total project emissions) by 

205011 with similar increases in the emissions intensity of copper cathode production.  

 
Figure 15: Upper estimate of gross annual GHG emissions from land-use change associated with 

increased copper mining under a 1.5°C demand scenario 

 

11 These estimates are upper estimates and represent the potential maximum GHG emissions resulting from land-use change 
associated with increased copper mining. 
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While land-use change is a small contributor to overall GHG emissions (relative to other sources, such 

as fossil fuels), it is a critical source of addition environmental and socio-economic impacts that can 

compound climate change and climate vulnerability. Therefore, mining value chain actors are 

encouraged to prioritize land-use change risks. 

Under the same scenario, land-use change emissions from increased nickel production could be four 

times higher by 2030 and more than 6 times higher by 2050, with a cumulative increase in gross GHG 

emissions of ~15 MtCO2e between 2020 and 2050 (Figure 16). This equates to an additional ~0.45 

MtCO2e per annum (~0.3% of total projected emissions) by 2030 and ~0.65 MtCO2e per annum (~0.4% 

of total projected emissions) by 205012, with similar increases in the emissions intensity of nickel 

products.  

 
Figure 16: Upper estimate of gross annual GHG emissions from land-use change associated with 

increased nickel mining under a 1.5°C demand scenario 

Therefore, like copper, increased land-use change is a small contributor to overall GHG emissions 

associated with nickel mining value chains. However, land-use change is a critical source of addition 

environmental and socio-economic impacts that can compound climate change and climate 

vulnerability, and, therefore, needs to be prioritized by nickel mining value chains. 

Land-use change emissions are unevenly distributed across copper and nickel mining regions, with 

Chile, Peru, Brazil and Indonesia identified as high-risk regions. GHG emissions from land-use change 

depend on a combination of different factors, including: the geology and soil carbon stock; ecosystem 

and vegetation type (and their associated carbon stock); abundance and grade of ore reserves; mining 

type (open pit mining disturbs a greater area of land relative to underground mining, therefore has higher 

 

12 These estimates are upper estimates and represent the potential maximum GHG emissions resulting from land-use change 
associated with increased copper mining. 
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land-use change emissions); mine waste and tailings volume, storage method and location; and the 

spread and intensity of supporting mining infrastructure contributing to indirect land-use change 

emissions. Therefore, different copper and nickel mining regions are exposed to varying levels of risk 

associated with land-use change emissions. Copper mining in Chile and Peru, and Nickel mining in Brazil 

and Indonesia, stand out as areas at risk of higher land-use change emissions given the combination of 

influencing factors in those countries.  

Unsustainable land-use change can increase climate change vulnerability, despite accounting for a 

smaller portion of total emissions relative to fossil fuel-based emissions. While land-use change 

emissions for both copper and nickel mining value chains are lower, in absolute terms, relative to other 

emissions sources, it is a critical source additional environmental and social impacts that cannot be 

ignored. In addition, land-use change emissions will increasingly make up a greater portion of 

unavoidable emissions as companies increasingly reduce other GHG emissions. Destruction of natural 

ecosystems, particularly those with high carbon stocks, sequestration potential and biodiversity (e.g., 

rain forests), negatively impacts on supporting and regulating ecosystem services (Box 3), reducing the 

Planet’s ability to regulate the climate. This can create a knock-on effect that indirectly contributes to 

climate change, ecosystem degradation, and climate vulnerabilityxx (with associated socio-economic 

impacts). Therefore, minimizing land-use change emissions is not only critical for achieving net zero 

absolute emissions across the value chain, but for maintaining the resilience of broader global 

environmental/natural systems.  

Box 3: Ecosystem servicesxxi 
Ecosystem services are benefits that people obtain from a healthy, functioning natural environment and are critical 

for livelihoods, human health, well-being and resilience. They are divided into four categories: provisioning services 

(e.g., water, food, drugs and genetic resources); regulating services (e.g. flood attenuation, climate regulation, pest 

control and pollination); supporting services (e.g. primary production, nutrient cycling, including the carbon cycle) 

and cultural services (e.g. recreational, spiritual and cultural benefits).  

2.4.2. Biodiversity risks from unsustainable land-use change 

Biodiversity – the diversity within species, between species and of ecosystems – is critically important 

for sustaining and providing various ecosystem services, upon which the global economy and human 

livelihoods depend. It provides the air, water and soil that we depend on for human health, food security, 

livelihoods and economic activity. Biodiversity also regulates the climate, provides pest and pollution 

control, and protects against natural disasters.  

However, the overexploitation of plants and animals is increasingly reducing the Planet’s ability to 

provide these ecosystem services, making “biodiversity loss” the third most severe global risks in the 

World Economic Forum’s 2022 Global Risk Report.xxii Therefore, in meeting increased demand for 

copper and nickel, it is critical that their extraction and production does not exacerbate the global 

biodiversity crisis. Doing so will not only increase each mineral’s direct impact on biodiversity, but also 

contribute indirectly to other negative environmental and socio-economic impacts of mining.xxiii  

Mining value chain activities can negatively impact biodiversity in several different ways (refer to Table 

17 in the Appendix for further detail). Land-use change, habitat destruction and pollution from waste and 

hazardous materials can directly impact biodiversity. Indirect impacts to biodiversity result from the 

influx of people to mining regions, growth, and development of supporting infrastructure, peri-urban 

sprawl and increase agriculture and hunting, for example.  
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In terms of species richness – a measure of biodiversity based on the number of different species 

within a given area – copper was found to have moderate-biodiversity risks, while nickel had high-

biodiversity risks, given the number of ore deposits located in moderate- and high- biodiversity zones 

respectively. Figure 17 compares the global distribution of copper and nickel ore deposits with global 

biodiversity zones13 to identify and map potential biodiversity risks associated with each mineral (in 

terms of their potential impact on species richness). It was assumed that the greater number of ore 

deposits located within higher biodiversity zones, meant the greater number of species were at risk for 

each hectare of land-use change, and, therefore, the higher the biodiversity risk for that mineral.  

This high-level analysis suggests that most copper deposits (~50%) are found in “moderate-biodiversity 

zones”, a third (~30%) in “low-biodiversity zones” and the least (~20%) found in “high-biodiversity 

zones”. Most nickel deposits (~65%), on the other hand, are found in “high-biodiversity zones”, with a 

third (~ 33%) in “moderate-biodiversity zones” and very few (~2%) in “low-biodiversity zones”. Therefore, 

based on the assumption above, nickel mining value chains face “high-biodiversity risks”, while copper 

mining value chains face “moderate-biodiversity risks”. This conclusion is supported by findings from 

the literature.xxiv 

 

Figure 17: Map of copper and nickel ore deposits, and biodiversity zonesxxv 
Biodiversity risks for both minerals are unevenly distributed, with higher risks to species richness in 

tropical, rainforest and island environments and lower risk in sub-tropical, arid environments. Copper 

and nickel mining in the Pacific Islands (Indonesia, Philippines, New Caledonia); Central Africa 

(Cameroon, DRC, Rwanda, Burundi, Zambia) and Latin America (Peru, Mexico, Brazil, Cuba, Dominican 

Republic) face relatively higher biodiversity risks in terms of species richness relative to other regions in 

lower biodiversity zones.  

However, measuring biodiversity risk in terms of species richness only, is an overly narrow assessment. 

Mining value chain actors are encouraged to account for wholistic measures of biodiversity risk. Like 

land-use emissions, several factors contribute to biodiversity risks. The degree and intensity of land-use 

change is influenced by the geology, ore grade and mine type (e.g., open pit mining is generally more 

 

13 The assessment was limited to terrestrial biodiversity zones and excludes marine biodiversity zones. Biological Diversity Zones 
are measured as the number of plant species per 10 000 km2 and is, therefore, a measure of species richness. Plant diversity 
(number of species of vascular plants) is used as a proxy indicator for animal and ecosystem diversity, assuming a greater 
number and diversity of plant species supports a greater number and diversity of animal species and ecosystems. “High-
Biodiversity Zones” are defined as regions with >2000 species per 10 000 km, while “moderate- and low-biodiversity zones” are 
defined as regions with between 500 to 2000 and <100 to 500 species per 10 000 km respectively. 



 

21 

land-use intensive relative to underground mining), and the volume and location of mine waste and 

tailings dams. The “degree” of “level” of biodiversity at a given location, measured in terms of species 

richness, abundance, and diversityxxvi is another contributing factor. Further consideration must also be 

given to the number of vulnerable and threatened species (as per the IUCN Red Listxxvii); the number of 

endemic and invasive species and the ecological importance or functional significance of different 

species (e.g., umbrella species support a variety of other species) within a given ecosystem.xxviii  

There are several best practice methodologies that mining value chain actors can use for assessing and 

mitigating their biodiversity risks.xxix One such methodology from the United Nations Environmental 

Programme (UNEP) is summarized in Figure 18. Others applicable to mining value chains include: the 

ICMM’s Good Practice Guidance for Mining and Biodiversity; the Cambridge Institute for Sustainable 

Leadership’s (CISL) Healthy Ecosystem Metric; the International Union for the Conservation of Nature’s 

(IUCN) Biodiversity Indicator and Reporting System; the LandScale assessment tool; and the Cross 

Sector Biodiversity Initiative’s (CSBI) Mitigation Hierarchy and Good Practice for Collection of 

Biodiversity Baseline Data documents.   

 
Figure 18: Process for site prioritization and tailoring of biodiversity indicatorsxxx 

2.4.3. Recommendations for enabling sustainable land-use 

Copper and nickel mining value chain actors are encouraged to adopt and implement the following best 

practice recommendations for addressing land-use change induced GHG emissions and negative 

biodiversity impacts:14  

Mining value chain actors are encouraged to consider adopting and adhering to responsible mining 

standards and guidelines for minimizing negative environmental and socio-economic land-use change 

impacts. These include, for example: (i) the World Bank’s Climate-smart and Forest-smart Mining 

guidelines; (ii) the ICMM’s Mining Principles for “environmental performance” and “conservation of 

biodiversity”, their Closure Management Tool and the Good Practice Guide for Mining and Biodiversity; 

(iii) RMI’s 2019 Risk Readiness Assessment; (iv) the Initiative for Responsible Mining Assurance (IRMA) 

Standard for Responsible Mining, and (v) the IFC’s Performance Standard on “biodiversity 

conservation”xxxi.  

 

14 Best practice recommendations focus on minimising land-use change emissions and biodiversity impacts from mining and do 
not include recommendations for addressing other socio-economic impacts associated with mining-induced land-use change. 
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Companies are encouraged to adhere to the mitigation hierarchy when addressing land-use change 

emissions and biodiversity impacts:  

1. Monitor and report land-use change emissions and biodiversity impacts, including historical 

(from existing mines) and future (from new mines) impacts. Collect, maintain, and share 

accurate land-use data and geospatial information to support good land-use governance and 

strengthen land-use decision-making and planning. Developing interoperable land administration 

systems to ensure availability of accurate and up-to-date data (that reflects the reality “on the 

ground”) is critical for supporting land-use decision-making. Include land-use change emissions 

in carbon accounts to be balanced and include a range of biodiversity metrics, at different 

scales, when assessing biodiversity risks (see best practice methodologies above).  

2. Avoid and minimize land-use change impacts: Ensure good land governance by engaging with 

value chain actors, national and local governments, and local communities on local spatial and 

development planning. Strategic spatial planning and good land governance are critical 

foundations for mitigating any potential long-term implications associated with land-use change, 

and to strengthen climate change adaptation and resilience. Effective spatial planning can 

prevent mining activities and peri-urban and rural sprawl from exacerbating land-use change 

emissions and biodiversity risks.  

Good land governance/regulatory frameworks and well enforced laws, particularly around land 

ownership, land-use, spatial planning, zoning, etc. can make a significant difference in mitigating 

both direct and indirect land-use change impacts. Inadequate planning for infrastructure and 

built environment can also contribute to the severity of climate change impacts (e.g., flooding 

and drought) on mine and processing sites; local communities; transport networks and 

supporting infrastructure, all of which contribute to poor climate change adaptation and climate 

vulnerability.xxxii  

Implement a lifecycle management strategy to promote good land governance and minimize 

negative environmental and socio-economic impacts from land-use change. Ensure due 

diligence is carried out during all mine lifecycle phases through the development and 

implementation of a holistic lifecycle management strategy.xxxiii Include direct and indirect land-

use change emissions in scope 1 and 3 emissions accounting frameworks (as per forth coming 

best practice guidance from the GHG Protocol). Include land-use change risks in carbon and 

biodiversity management strategies.  

Prioritize underground mining and/or high-grade ore bodies over open pit mining and/or low-

grade ore bodies. Minimize mine waste by back-filling mines with waste rock, recycling mine 

waste or selling waste to other sectors as secondary raw materials (e.g., rock waste for 

construction).  

Encourage greater circularity, reuse and recycling of copper and nickel by downstream actors at 

end-of-life to maximize use of secondary material and reduce the demand for virgin copper and 

nickel and, therefore, land-use change.  

Avoid and minimize the intensity of biodiversity risks by not mining in or near protected areas 

and World Heritage sites.  

3. Offset and restore unsustainable land-use change through sustainable land-use practices, 

mine rehabilitation and post-closure livelihood plans. Sustainable land-use management can 

provide environmental and socio-economic safeguards and co-benefits to ensure the future 

sustainability and resilience of both the local environment, community livelihoods and social 
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license to operate. Value chain actors must ensure the implementation of, and financing for, 

sustainable land-use activities that support climate change mitigation, offset and adaptation 

strategies, mine rehabilitation programs and post-closure socio-economic plans. Examples of 

sustainable land-use management include: 

Invest in ecological infrastructure and Nature-based Solutions (NBSs) (e.g., wetlands, forests). 

These can provide various ecosystem services and climate change adaptation benefits (e.g., 

flood mitigation). These also present unique carbon and biodiversity offset opportunities 

(measurable conservation outcomes or “credits” designed to compensate for negative and 

unavoidable environmental impacts from projects) for self-development or purchasing off the 

market (refer to Section 3.4. Net Zero-aligned Carbon Offset Strategies – page  41 – for more 

information on offsets).xxxiv 

Dry stack tailings and mineralization of tailings (particularly nickel tailings) are two interventions 

that can support sustainable land-use and mine rehabilitation programs, while avoiding tailings 

risks and minimizing waste. They also have the potential to offset both land-use change 

emissions and biodiversity impactsxxxv. These interventions can be used as self-developed 

carbon/biodiversity insetting projects by mining value chain actors for own-use in offsetting their 

land-use change impacts. In addition, any excess credits from self-developed 

carbon/biodiversity projects can be sold to other value chain actors, sectors, or offset markets 

as an alternative revenue source for funding mine rehabilitation and post-closure plans.  

Sustainable and Climate Smart Agriculture (CSA) provides both environmental and socio-

economic benefits, such as food security, livelihood opportunities, and improves water security. 

Marginal land can be used to support low-carbon energy production and storage, including 

energy crops for sustainable biofuels, wind and solar energy production and gravity-based 

energy storage, using either towers or water reservoirs (noting that these might have their own 

unintended negative impacts)  

Balance trade-offs between environmental and socio-economic co-benefits associated with 

different sustainable land-use opportunities using a weighted prioritization and decision-making 

framework. Such frameworks should be site-specific and account for local community needs 

and pre-mining baseline conditions (e.g., should land-use be converted back to its pre-mining 

state, where it provides ecosystem services, or should it be used to support sustainable 

economic activities, such as renewable energy generation).   
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3. A NET ZERO ROADMAP FOR COPPER AND 
NICKEL MINING 

Under a 1.5°C scenario, total annual demand for copper and nickel is expected to increase by 156% and 

208% by 2050 respectively (including demand for clean energy technologies and existing uses). Meeting 

this increased demand, using BAU primary production processes, is expected to increase GHG 

emissions by 125% and 90% by 2050 for copper and nickel respectively. If copper and nickel mining 

value chains do not reach net zero emissions by 2050, increasing demand will threaten to perpetuate the 

climate crisis.  

To reach net zero emissionsxxxvi and align with a 1.5°C temperature trajectory, mining value chain actors 

will need to reduce their absolute GHG emissions by ~50% by 2030 and by ~90% by 2050, from 2020 

levels. This equates to an average reduction rate of ~4.2% per annum (from a 2020 baseline). A suite of 

cost-effective low-carbon technologies are already available for avoiding and reducing GHG emissions, 

including energy efficiency interventions; autonomous and digital solutions; renewable energy (e.g., 

solar, wind, battery storage); fuel switching opportunities (e.g., sustainable biofuels, green hydrogen), 

and electrification solutions (e.g., BEVs, trollies, conveyors). These are discussed in more detail 

throughout the chapter.  

Carbon removal offsets will then be required to “neutralize” the remaining ~10% of residual, hard-to-

abate GHG emissions to balance the net zero equation up to 2050 and beyond. While carbon removal 

offsets are critical for achieving net zero emissions, they must be used in-line with best-practice to avoid 

unsustainable land-use and negative environmental and socio-economic impacts, such as 

maladaptation.  

The following chapter provides a Roadmap for copper and nickel value chains to reach net zero 

emissions by 2050. It begins with an overview of the mitigation hierarchy and identifies key GHG 

emissions sources across copper and nickel mining value chains. A technoeconomic assessment of 

low-carbon technologies required to avoid and minimize GHG emissions is then provided. This includes 

an assessment of ESG considerations for deploying low-carbon technologies and avoiding any 

unintended negative impacts in doing so (e.g., unintended impacts on water resources or biodiversity 

when deploying certain low-carbon technologies). The chapter concludes with a review of carbon offset 

risks and opportunities, and best-practice recommendations for net zero-aligned carbon offset 

strategies for reaching net zero emissions.  

3.1. The mitigation hierarchy 

Mining value chain companies are encouraged to adhere to the mitigation hierarchy when transitioning 

to net zero GHG emissions (Figure 19). This means:  

i. Monitor, report and set GHG emissions reductions targets: monitor and report GHG emissions, 

including land-use change emissions, to identify key emissions sources and mitigation options. 

Set and communicate ambitious and transparent science-based targets for reducing absolute 

Scope 1, 2 and 3 emissions. This should form part of a broader Monitoring and Evaluation (M&E) 

system that established baselines and tracks progress toward net zero targets. A broader M&E 

system should also consider carbon removal offset demand, potential offset risks, and the 

delivery of environmental and socio-economic co-benefits throughout the lifecycle of offset 

projects. 
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ii. Avoid and minimize absolute GHG emissions: avoid emissions through efficiency 

improvements (e.g., energy efficiency, process optimization), and minimize or eliminate 

emissions through low-carbon energy sources (e.g., renewable energy for Solar PV, green 

hydrogen). 

 
Figure 19: Net zero-aligned mitigation hierarchy 

iii. Invest in “Beyond value chain mitigation”: To support urgent global decarbonization, companies 

should consider investing in credible carbon offset projects outside of a company’s value chain 

during their mitigation journey (between 2022 and ~2035/40). This should be done in addition to, 

not instead of, absolute emissions reductions. This is to avoid becoming over-reliant on carbon 

offsets and exposing companies to market and pricing risks, while also ensuring absolute 

emissions reductions are aligned to a 1.5°C trajectory. The nature and scope of these 

investments should be recorded annually pending further best practice guidance. According to 

the Science-Based Targets initiative (SBTi) “beyond value chain mitigation” offsets and other 

investment in beyond value chain actions are voluntary but considered best practice.xxxvii 

iv. Neutralize residual, hard-to-abate emissions: Using quality carbon removal offsets, neutralize 

residual and hard-to-abate emissions in the long-term (2040-2050) to reach net zero emissions 

by 2050.xxxviii 

v. Balance the net zero equation beyond 2050: Continue using high-quality carbon removal offsets 

to balance any GHG emissions beyond 2050 and remain at net zero emissions (~10% residual 

emissions = carbon removal offsets). 
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3.2. Monitor, report and set emissions reduction targets 

Mining value chain actors are encouraged to monitor and report their GHG emissions (across Scopes 1, 

2 and 3). This first step on the net zero journey is critical for establishing baselines (against which to 

establish reduction targets and monitor progress) and identifying key GHG emissions sources from a 

company’s activities. Identifying emissions sources is also important for identifying appropriate 

mitigation interventions. It is recommended that companies follow best-practice guidance for 

monitoring and reporting their GHG emissions, such as the GHG Protocol or ISO 14064.  

3.2.1. Copper emissions sources 

Most GHG emissions from copper mining value chains stem form electricity usage (Scope 2) for 

ventilation, grinding for concentration and electrowinning/refining activities (Figure 20). Other significant 

emissions sources are those from direct fossil fuel consumption (Scope 1) for haulage and process 

heat in smelting. There are, however, variations in the intensity of different emissions sources depending 

on the specific copper processing rout (copper oxide vs copper sulfide and open-pit vs underground 

mining). Scope 3 emissions are another important source but can vary depending on the context of a 

particular company and its value chain. Figure 20 highlights Scope 3 emissions from input materials 

(category 1: purchased goods and services) but other scope 3 categories could also be material sources 

(e.g., capital goods, downstream transportation etc.).  

 
Figure 20: GHG emissions sources across the copper mining value chain (RMI analysisxxxix) 

3.2.2. Nickel emissions sources 

Most emissions from nickel mining value chains stem from fossil fuel usage (Scope 1), particularly from 

the use of coal as a heat source/reductant for Nickel Pig Iron (NPI) and Ferronickel (Figure 21). 

Purchased electricity (Scope 2) is another significant emissions source, especially for Ferronickel. 

Scope 3 emissions are another important source but can vary depending on the context of a particular 

company and its value chain. 
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Figure 21: GHG emissions sources across the nickel mining value chain (RMI analysisxl) 

3.2.3. Setting ambitious GHG emissions reduction targets 

After measuring and verifying a company’s GHG emissions, it is best practice to establish science-based 

reduction targets. This can be done by:  

• Issuing a pledge from the corporation’s senior leadership to reach net zero emissions across their 

critical mineral and metal value chains by 2050 at the latest. 

• Developing tangible emissions reduction strategies and action plans, with short- and medium-

term goals, for Scope 1, 2 and 3 emissions.  

• Setting ambitious science-based targets for absolute emission reductions and removals and 

provide details on offsets. Companies can also set emissions intensity targets, but they must 

prioritize absolute emissions reduction targets.  

• Sharing information on emission reduction measures to facilitate good practice replication.  
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3.3. Low-carbon technologies for avoiding and minimizing emissions 

There is a suite of cost-effective low-carbon technologies which are already available for avoiding and 

reducing GHG emissions across copper and nickel mining value chains. This section provides a 

technoeconomic assessment of identified low-carbon technologies, including their mitigation potential, 

cost effectiveness, technology maturity, and scalability. It also identifies and maps potential 

environmental and socio-economic risks and co-benefits associated with the deployment of low-carbon 

interventions, while acknowledging key governance requirements for mitigating risks and enhancing co-

benefits. Recommendations are later provided in the form of an implementation roadmap (based on the 

results of these assessments) in terms of technology availability and mining-company actions to enable 

decarbonization.  

3.3.1. Low-carbon technology investment horizons 

Investments in low-carbon technology interventions should focus on three broad time horizons: 

1. Incremental and continuous efficiency improvements (deployment in <5 years): Quickly 

implementable technologies that focus on improving GHG emissions intensity per unit output of 

copper and nickel. These include operational energy efficiency interventions that reduce energy 

demand and process optimization interventions (for which implementation may extend beyond 

the next 5 years) that increase production without a corresponding increase in energy demand. 

These interventions should be the initial focus to both reduce emissions intensity in the short-

term, and act as a key enabler for renewable energy (RE) interventions by reducing the size (and 

therefore upfront cost) of future RE deployments. 

2. Direct emissions reductions (short-term investment with deployment in 5 – 15 years): Capital 

investments in RE and energy storage technologies, hydrogen-based fuel switching, and 

electrification of processes (e.g., trolley-assist, battery electric vehicles, process heat, etc.). 

Some initial RE deployments, such as standalone solar PV on remote mines or power-purchase 

agreements (PPAs) for grid connected sites, might be executable within the next 5 years. 

3. Research and development (short- to medium-term investment with deployment in 15+ years): 

Continuous investments in research, development, and deployment (RD&D) for innovative yet 

immature technologies (e.g., fast charging battery technology, in-situ recovery). 

3.3.2. Technoeconomic assessment of low-carbon technology interventions 

Energy efficiency interventions, including efficient operational equipment (e.g., energy efficient heating, 

ventilation and air conditioning, best-in-class electric motorsxli) and comprehensive mining process 

optimizations (e.g., mine-to-mill, high-intensity selective blasting, coarse ore flotation, ore sorting, xlii  

etc.), directly reduce emissions intensity and are a key enabler for RE deployment. These technologies 

can reduce energy consumption and associated emissions, while also reducing the capital hurdle of RE 

deployment. Most energy efficient technologies were found to be mature and cost-effective. For 

process optimizations, however, applicability is dependent on the circumstances of each mine. 

Therefore, energy reductions and costs should be evaluated using a whole-of-site optimization.  

Digitization and automation technologies can provide additional emissions and cost savings from 

improvements in energy efficiency and process optimization. These technologies can, therefore, support 

further integration of RE but are not a stand-alone solution for reducing emissions. Technology maturity 

and affordability ranges depending on the specific digital and automated technology.  Energy reductions 

and costs should be evaluated using a whole-of-site optimization.  
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Renewable energy technologies (solar PV, wind, and battery technologiesxliii) are mature and continue to 

see price declines, allowing for fossil fuel-based electricity emissions to be reduced at low (or negative) 

abatement cost. As a result, 5 GW of RE projects on mine sites have already been announced or 

commissioned.xliv Alternative financing models can further accelerate implementation. For example, a 

capital lease from independent power producers (IPPs), can be used to shift capital requirements 

(which can be ~300% higher for a 100% RE system15) off balance sheet. Additional options, such as 

power purchase agreements (PPAs), are available for grid-connected sites, although the contribution of 

these instruments toward eliminating grid emissions should be considered.   

The roadmap to 100% RE for each site could also consider value creation after cessation of mining. For 

example, RE deployed during the mine operations could provide value to surrounding communities post-

closure by utilizing exhausted mine pits as pumped storage to provide dispatchable power.xlv  

Unique energy-storage and load-shifting opportunities should also be considered to increase the pace 

of RE deployment on-site. Satisfying demand during periods of lowest RE resources can add 50% to the 

cost of deployment.16 Mining operations have distinctive opportunities to shift demand and avoid these 

costs. For example, stockpiling ore to reduce the hydrogen demand of the haul fleet and potentially 

converting hydrogen back to electricity during times of low solar or wind resources.xlvi Similarly, there 

may be unique energy-storage options beyond batteries. For example, the presence of industrial 

infrastructure onsite can enable the use of compressedxlvii or liquidxlviii air-based storage. Hybridization 

with diesel generators may be required in the short-term to avoid these variability and reliability of 

supply concerns associated with RE. Even in these cases, significant (e.g., ~70%xlix) emissions 

reductions can still be achieved. Until cost declines allow for elimination of hybridization, substituting 

diesel with sustainable biofuels can provide further interim emissions reductions.  

Natural gas is unlikely to reduce overall GHG emissions unless upstream methane leakage risks are 

addressed and is, therefore, not considered a robust decarbonization strategy. This is based on case 

study analysis of heavy duty (290t) haulage emissions, assuming a 15% reduction in engine efficiency 

for natural gas compared to diesel and a 1.4% upstream methane leakage rate, which results in 15% 

more emissions than a baseline diesel case. Similar results have been found by other lifecycle analyses. l  

Green hydrogen can be a cost-competitive (on a total cost of ownership basis) haulage fuel-switching 

(from diesel) strategy at ~US$4/kg (depending on current diesel prices). Assuming a hydrogen power 

haul truck drivetrain efficiency of 50%, compared to 36% for dieselli, means that ~0.2 kg of hydrogen is 

required to replace each liter of diesel. This results in a fuel-only (i.e., before considering the increased 

cost of the haul truck drivetrain) crossover price of US$4.10/kg of hydrogen, assuming a US$0.88/L 

price of diesel.  

Green hydrogen is also cost-competitive in many regions that have favorable RE capacity factors (e.g., 

Chile). This is based on a “cost of green hydrogen production model”, which determines the optimal mix 

of solar PV, wind, batteries, and hydrogen electrolyzers in a location, considering the costs for each 

component and the available solar and wind resource. The locations considered in the model were Chile, 

Democratic Republic of Congo, USA, Mongolia, Indonesia, and Poland. The prices considered in the 

model were US$800/kW for solar PV; US$1,100/kW for wind; US$700-1400 for proton exchange 

 

15 Based on a case study analysis of 44 MTPA mine based in Chile comparing a traditional diesel generator system against a 
combined solar PV, wind, and biomass system. Pricing is based on US$1,250/kW for solar PV, US$1,970/kW for wind, $550/MWh 
for batteries, $500/kW for diesel generator capital costs and US$1/L for diesel fuel.   
16 Based on the same case study above considering the costs for a system with a criteria of <2% unmet demand compared with a 
system which has up to 5% unmet demand. 
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membrane (PEM) electrolyzers/fuel cells; US$150-300/kWh for li-ion batteries and $US585/kg for 

pressurized hydrogen storage. The resulting green hydrogen prices (US$3-8/kg) were used in a haulage 

cost case study analysis, which was based on a 44 Mt/y mine using a diesel price of US$0.88/L, 

escalating at 4% a year (based on US Energy Information Administration historical data) with 290t haul 

trucks. The drivetrain for the modified haul trucks was assumed to be an 800 kW fuel cell, 1100 kWh 

battery pack and 840 kg of hydrogen storage. 

Green hydrogen components (i.e., electrolyzers) are available commercially but have not achieved 

significant scale, which might restrict full-scale deployment in the short-term (2020 – 2030). With further 

anticipated cost declines in hydrogen electrolyzers, it is expected to be 15% - 20% cheaper than using 

diesel for haulage. This is based on the same case study as above, except with a US$200/kW 

electrolyzer price. These cost declines are estimated based on the observed 18% learning rate for PEM 

electrolyzers and the 45 GW of electrolyzer capacity announced to be installed in the next 5-years by 

members of the Green Hydrogen Catapult.lii The cost for a green hydrogen deployment strategy is 

dependent on site-specific conditions relating to RE resources and haulage type/size. In addition, the 

total cost for a green hydrogen strategy is highly dependent on the haul route.liii The haul route topology 

sets the size of battery required to maximize the use of regenerative braking, which, in turn, determines 

the overall drivetrain efficiency. In the extreme case of hauling material downhill, regenerative braking 

can provide all the required energy negating the need for hydrogen. A whole-of-site optimization strategy 

for each asset is recommended to ensure the optimal haulage strategy is coupled with the RE 

deployment roadmap.  

Battery Electric Vehicles (BEVs) are already suitable for small haulage vehicles, particularly those used 

in underground mines where hydrogen is not appropriate due to risks from using a flammable gas in 

confined spaces. The business case for BEVs in underground applications is also supported by 

reductions in ventilation requirements and, as a result, have already been deployed at sites.liv 

Electrification of haulage can also be supported by maximizing conveyor uselv and implementing trolley 

assist systems. Trolley assist can be installed for diesel-electric haul trucks to reduce diesel 

consumption by 20-30%.lvi  

BEVs for large haul trucks is not yet scalable due to low-energy density barriers. For example, the 

equivalent weight battery to a diesel engine and fuel tank in a 290t haul truck is only sufficient to operate 

for ~4 hours (compared with >24 hours for diesel or hydrogen). However, battery energy density has 

improved ~20% over the last decadelvii with further gains possible through additional technology 

advancements. Together with new charging technologieslviii (e.g., in-haul charge) this will allow 

deployment of BEVs in these larger size classes. It is anticipated that these new charging technologies 

will be available in the near-term at which point BEVs will likely have a cost advantage over green 

hydrogen due to higher efficiency.  

Electrifying process heat or fuel-switching to green hydrogen can eliminate GHG emissions from 

smelting of sulfide ores (i.e., new burner designslix). Nickel-ferroalloy production uses fossil fuels for 

both heat and reduction. These processes are analogous to the steel industry and will require similar 

technologies (e.g., green hydrogen reduction, carbon capture and storage) to decarbonize.lx  
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Transport emissions reductions17 can be achieved by optimizing logistics and deploying electrification 

and fuel-switching interventions for road, rail and shipping fleets. Optimizing logistics should aim to 

reduce copper and nickel emissions intensity by:  

1. Shifting to more efficient modes of transport where possible (e.g., road to rail) 

2. Increasing the efficiency of current transport (e.g., increasing back-haulage, load capacity and 

load factors) 

3. Reducing the distance that mineral concentrates travel (e.g., co-locating mines and processing 

plants where possible).  

Co-locating mines and processing plants can reduce transport emissions by avoiding fossil fuel-based 

shipping and, in some cases, utilizing more sustainable sources of energy for processing. It can also 

support green industrialization in developing countries. However, several technoeconomic and 

geopolitical barriers might reduce the viability of co-locating mines and processing plants, such as 

economies of scale; technology and skills availability; labor market considerations, amongst others.lxi 

Electrification (e.g., BEVs) and fuel-switching interventions (e.g., green hydrogen-based fuels18) should 

also be applied to road, rail and shipping fleets to minimize transportation emissions. Further guidance 

for reporting and reducing transport emissions can be sourced at the Global Logistics Emissions 

Council (GLEC) and the Low Carbon Freight program of the Low Carbon Technology Partnerships 

initiative (LCTPi).lxii  

Circular economy interventions can support deep emissions reductions across copper and nickel 

mining value chains. Increased circularity and metal recovery from post-consumer scrap can reduce 

emissions by ~50%, relative to primary metal productionlxiii (and help avoid other ESG risks). Tailings 

minimization (e.g., reprocessing, and dry stack tailings interventions) can also support circularity by 

increasing metal recovery and reducing tailings waste and associated ESG risks. Adopting product-

service business models and adhering to the waste mitigation hierarchy will also help value chain actors 

improve the circularity of their operations. This includes redesigning, reducing, repairing, and reusing all 

mineral and non-mineral waste, before recycling and disposing of waste (e.g., Anglo American 

Platinum’s target of “zero waste to landfill by the end of 2020” saw them achieve a 92% reduction in 

their annual waste sent to landfill through different circular economy strategieslxiv).   

Mining and processing companies can also generate value from mineral waste and support 

decarbonization in other sectors through circular economy interventions (e.g., waste rock, slags and 

sludges can be used as inputs for low-carbon cement and other construction applications, such as 

roads or railways). Adopting circular economy interventions can also future proof mining value chains 

against the likelihood of increasing circular economy requirements, either legal (e.g., the European 

Commission’s mandatory requirements for all batteries placed on the EU market, including requirements 

on recycled content, and meeting collection and recycling targets, among otherslxv) or voluntary (e.g., 

recycled content requirements by downstream customers).   

 

 

17 The scope of the Roadmap includes three value chain phases: extraction, processing and transport. The transport phase is 
limited to the transportation of mineral concentrates for further processing into cathodes and excludes the transportation of 
upstream value chain inputs (e.g., capital and purchased goods, such as equipment, fuels, cement, steel etc.) and downstream 
outputs (e.g., transporting copper cathodes for processing into copper pipes, wires, solar panels etc.). 
18 A distinction is made here between green hydrogen and green hydrogen-based fuels because international shipping, in 
particular, is likely to use ammonia produced from green hydrogen as a fuel, rather than green hydrogen directly. 
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Box 4: The waste mitigation hierarchylxvi 
1. Avoid and reduce waste by rethinking and redesigning products to improve their circularity (repairability, 

reusability and recyclability)  

2. Repair and reuse products to extend their life span 

3. Recycle waste into secondary products 

4. Recovery value from waste than cannot be recycled (e.g., energy recovery from waste) 

5. Dispose of unavoidable waste responsibly 

Invest in RD&D for several alternative, innovative technologies that could fundamentally alter the current 

paradigm of emissions but are not yet mature or cost competitive (or pose other environmental risks). 

Such innovative technologies include, for example, in-situ recoverylxvii and high voltage pulselxviii, 

amongst others.  

The technoeconomic assessment of identified low-carbon technologies is summarized in Table 3 on the 

following page. Findings suggest that several cost-competitive (depending on location and mine life), 

high-abatement technologies can be deployed across the copper and nickel value chain in the short-

term (i.e., <5 years). This provides an opportunity for producers to position themselves as market 

leaders and ensure that their copper and nickel products have the competitive advantage in a low-

carbon future. To achieve this, companies are encouraged to develop their own technology deployment 

roadmaps based on the specific context of their operations and value chains (e.g., solar and wind 

resources at different mine sites). These roadmaps should detail the pathway to 100% RE and whole-of-

site optimization strategies (to lower energy demands and facilitate RE deployment) for each asset, as 

well as supporting RD&D efforts on technologies with a longer-term horizon for abatement impact.  

3.3.3. Bringing it all together 

Figure 22 and Figure 23 provide hypothetical examples of how a copper mine and a nickel mine might 

deploy some of the low-carbon technologies discussed above. Each are based on different scenarios 

(described below each Figure) regarding mine type, location, and geology. In reality, the unique 

circumstances of individual mining operations will dictate the most suitable mix of technologies to be 

deployed for minimizing GHG emissions. Technology deployment should be informed by whole-of-site 

optimization strategies.  
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Table 3: Technoeconomic assessment of low-carbon technologies 

Low-carbon technology 
Technology 
readiness 

Cost competitive 
Available at 

Scale 

Emissions 
abatement 
potential* 

Notes / examples 

 
Efficient Equipment 

  

Now 
5-10% 

 
Best-in-class motors, variable speed drives 

 
Process Optimization 

  

<5 years 
10-20% 

 

Mine-to-mill, high intensity selective blasting, 
coarse ore flotation & ore sorting 

 

Digitization & 
Automation 

  

<5 years 
5-10% 

 
Haul truck automation to reduce fuel use 

 
Renewable Energy 

  

Now 
70-100% 

 

Onsite RE hybridized with diesel can provide 
70% emission reduction 

 
Energy Storage 

  

<5 years 
100% 

 

Enables complete RE penetration. Mines have 
unique storage options (compressed /liquid 
air) 

 
Sustainable Biofuels 

  

Now 
30-70% 

 

Even without blending ~30% of emissions 
remain, typical 20-30% premium 

 
Green Hydrogen 

  

5-10 years 
100% 

 

Used in large haul truck (fuel cell electric 
vehicles) or for high temperature heat.  
Already cost competitive with diesel in some 
locations but not available at scale 

 

Battery Electric 
Vehicles 

  

Underground: Now 
Open Pit:  

5-10 years 

100% 

 

BEVs already deployed in underground mines 
to eliminate emissions. Larger sizes for open 
pit applications in development 

 

Conveyors & Trolley 
Assist 

  

Now 
˜30% 

 

Mature, cost competitive haulage 
electrification. Cannot replace all trucks at 
most mines 
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Figure 22: Low-carbon technology interventions for minimizing copper GHG emissions 
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Figure 23: Low-carbon technology interventions for minimizing nickel GHG emissions 
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3.4. ESG considerations associated with low-carbon technologies 

Deploying low-carbon technology interventions could have unintended negative environmental and 

social impacts (e.g., autonomation could lead to job losses for low-skilled workers). They could, 

however, also have additional co-benefits that support sustainable environmental or social outcomes 

elsewhere (e.g., installing floating solar PV on water storage dams could reduce evaporation and 

improve water-use efficiency). To avoid potential negative impacts and capitalize on co-benefits, the 

Roadmap identified key environmental and social considerations for the deployment of low-carbon 

technology interventions. It also acknowledged key governance requirements for mitigating risks and 

enhancing co-benefits. The following section discusses these key ESG considerations associated with 

low-carbon technology interventions.  

Box 5: The ESG assessment methodology 
Potential ESG risks, trade-offs and co-benefits associated with the deployment of low-carbon technology 

interventions were identified via a high-level, top-down assessment and extensive literature review before being 

validated by technical experts. A baseline ESG risk assessment of copper and nickel mining value chains was also 

conducted to identify the significance of potential risks, trade-offs or co-benefits associated with different low-

carbon technologies. Please refer to the Appendix: Baseline ESG risk assessment – page 108 – for more information 

and a summary of the baseline assessment results.  

3.4.1. Governance considerations 

Governance is a cross-cutting element at the core of environmental and social risks, making it a critical 

success factor for net zero mining value chains.lxix Research suggests that larger companies, with the 

resources to develop and enforce good governance mechanisms, generally perform better against 

various ESG metrics, relative to smaller companies. Companies that do not develop and implement 

good governance mechanisms perform worse, negatively impacting firm value, investment performance 

and access to finance.lxx 

Addressing “generic” company-level governance risks is only one side of the governance coin. 

Attenuating environmental and social risks via effective governance structures (e.g., governing purpose, 

accountability of governing bodies, etc.) ensures a “do no harm” or “leave no one behind” outcome – a 

net-neutral outcome aligned to the requirements of sustainable environmental taxonomies. lxxi Significant 

efforts across copper and nickel mining value chains are still required to address governance risks and 

ensure do no harm outcomes by mining value chain activities.  

However, emerging sustainable social taxonomieslxxii require additional, net-positive social outcomes 

(e.g., maximizing co-benefits and opportunities rather than simply avoiding risks). This requires 

“governance for additionality19”, together with proactive decision-making by company leadership, to 

ensure mining value chain actors go one step further, from a “do no harm” and “leave no one behind” 

approach to one that “uplifts lives and livelihoods”. Governance for additionality, therefore, should not 

only be about avoiding risks but should also aim to provide mining value chains and their stakeholders 

with additional co-benefits and opportunities (both from a healthy environment and inclusive socio-

economic perspective). This is critical for positively contributing to SDGs and to an inclusive, just 

transition to net zero mining value chains and global economy.   

 

19 The principle of governance for additionality is discussed in more detail in Chapter 4: Enabling a just transition  
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3.4.2. Environmental and social considerations 

Table 4 provides a summary of key environmental and social considerations for deploying low-carbon 

technology interventions.   

In general, low-carbon technologies were found to have positive co-benefits across most environmental 

criteria in addition to reducing GHG emissions. Energy efficiency (both operational and process 

optimization interventions) and RE interventions generally mitigate other environmental risks, such as 

pollution from waste and hazardous materials, energy demand management and water management 

risks (e.g., solar panels can be installed on water storage dams and canals to reduce evaporation).  

Some interventions provide health and safety benefits by reducing pollution or removing people from the 

dangerous situations. For example, automation avoids health and safety risks (e.g., air pollution, rock 

falls, shaft collapses etc.) by removing people from high-risk situations. Electrification avoids harmful air 

pollution associated with the combustion of fossil fuels, particularly in underground mines. 

Environmental co-benefits can provide indirect social co-benefits to employees and local communities, 

particularly with regards to health and safety; livelihoods; human rights and security metrics (e.g., 

reducing air pollution or water consumption, reduces health and safety, and water security risks for 

employees and local communities).  

Interventions that require additional supporting infrastructure are likely to increase certain 

environmental risks due to increased land-use change. For example, on-site RE infrastructure can cause 

unsustainable land-use change, with potentially negative implications for ecosystems, biodiversity, and 

local community relationships. In such circumstances, alternative solutions that provide co-benefits 

should be explored (e.g., installing solar panels above community crops to provide shade and reduce 

evapotranspiration, improving the sustainability o and water-use efficiency of those crops. This can 

support local community livelihoods, food, and water). 

Most interventions are likely to create employment trade-offs. Automating haulage vehicles will lower 

the demand for low-skilled labor, while simultaneously increasing the demand for high-skilled labor to 

install, operate and maintain digital and automated systems. It is important to monitor current and 

future skills and job requirements to mitigate employment risks and contribute to a just transition for 

workers.  

Producing, installing, maintaining and/or disposing of low-carbon technology interventions provides 

opportunities to support local employment, economic development, and gender equality. Mining value 

chain actors are encouraged to prioritize local procurement of technologies where possible, and local 

employment (of women and youth) for the installation, operation, maintenance, recycling and/or final 

disposal of technologies. This contributes positively to broader socio-economic development, economic 

inclusion and a just transition.  

Most of the opportunities for providing net-positive and additional socio-economic co-benefits are 

unlikely to materialize simply from the deployment and use of low-carbon interventions alone. 

Stakeholder dialog and decisive leadership by mining decision-makers is needed to deploy interventions 

in a way that maximizes their co-benefits. For example, mining value chain actors are encouraged to 

collaborate with local governments (through public-private partnerships) and deploy enough RE capacity 

to provide mining value chain activities, workers, and local communities with affordable clean energy. 

This will enable net-positive outcomes that improve livelihoods, human health, well-being, and resilience 

for a just transition. 
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Table 4: Summary of key environmental and social considerations for low-carbon technology interventions20 

Low-carbon 
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Energy efficiency: 
Operational efficiency ↘ ↘ ↓ ↘ ↘ ↘ → ↘ ↔ → → → → → 

Energy efficiency: 
Process optimization  ↘ ↘ ↓ ↘ ↘ ↘ → ↘ ↔ → → → → → 

Automation & 
digitization ↘ ↘ ↘ ↘ → → → ↘ ↗ → → → → → 

Renewable energy 
(solar & wind) ↓ ↘* → ↘ → ↘* → ↘ ↔ ↓* ↓* ↓* ↓* ↓* 

Energy storage 
(batteries) ↔ ↔ ↘ ↔ ↔ ↔ → ↔ ↔ ↓* ↓* ↓* ↓* ↓* 

Fuel switching: 
Sustainable biofuels  ↘* ↔ → → → ↔ → ↘ ↔ ↔ ↘* ↘* ↘* ↘* 

Fuel switching:  
Green Hydrogen ↓ ↔ ↘ ↘ ↘ → → ↘ ↔ ↓* ↓* ↓* ↓* ↓* 

Electrification: Trollies, 
BEVs & conveyors ↓ → ↘ ↔ ↔ → → ↔ ↔ → → → → → 

Key: Significance of risk / co-benefit  Change relative to baseline risk assessment  
* Potential co-benefits assuming appropriate governance decisions are made to ensure 
additional positive environmental and socio-economic outcomes 

  Significantly positive co-benefit ↓ Significant decrease  

  Moderately positive co-benefit ↘ Marginal decrease  

  Uncertain due to competing risks & co-benefits → No change 

  Moderately negative risk ↗ Marginal increase 

  Significantly negative risk ↑ Significant increase 

  No or uncertain risk / co-benefit   ↔ Trade-off between risk & co-benefit 

 

20 The findings summarised in Table 4 were based on an extensive literature review of each of the low-carbon technology and their potential environmental and social risks, trade-offs, and co-benefits.  These were also 
validated by technical experts in the Technical Working Group and Steering Committee. 
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In general, most companies’ GHG emissions and ESG footprint exists within their supply chain21, both up 

and downstream (e.g., scope 3 emissions).lxxiii Copper and nickel mining value chain actors are, 

therefore, reminded that additional risks, trade-offs, and co-benefit opportunities exist within each low-

carbon intervention’s own supply chain – i.e., in their production, transportation and final disposal. 

Battery storage technologies, in particular, have significant environmental and social risks associated 

with their production, recycling and disposal,lxxiv hence the “uncertain” ranking for most metrics in Table 

4. To ensure indirect supply chain emissions and other environmental and social risks and co-benefits 

are managed effectively, mining value chain actors are encouraged to: (i) collaborate with suppliers and 

customers for knowledge sharing and awareness raising, and (ii) adapt procurement policies, 

contractual agreements, and operational procedures to incentivize behavior change across their supply 

chains (both upstream and downstream).  

ESG risks also vary across regions and countries and need to be accounted for when deploying low-

carbon technologies.lxxv For example, Chile is a water-stressed copper mining region, therefore, water 

impacts would need to be prioritized. New nickel mining is likely to face high-biodiversity risks, given 

that most ore deposits are in very rich biodiversity regions (e.g., south Pacific islands). Socio-economic 

risks are potentially higher in Latin America, particularly in countries with a history of community 

opposition to mining projects, while governance risks (e.g., security risks and exposure to corruption) 

are generally higher in central and sub-Saharan Africa. Therefore, given the highly contextual nature ESG 

risks (across regions and low-carbon technologies) it is recommended that value chain actors conduct 

bottom-up environmental and social impacts assessment and implement their recommendations 

accordingly.  

Careful planning, informed by stakeholder engagement (e.g., social dialog and inclusive engagement 

with workers and local communities), is important for avoiding unintended negative environmental and 

social impacts, while also maximizing co-benefits from the deployment of low-carbon technologies. 

Adopting international best-practice can support good governance and the identification and 

management of environmental and social risks and co-benefits. There are several best practice 

frameworks and standards for supporting responsible and sustainable mining, including the Copper 

Mark; the International Council Mining and Metals’ Mining Principles; the World Bank’s Climate Smart 

and Forest-Smart Mining initiatives; the IFC’s Performance Standards and the Equator Principles, 

amongst others.  

 

 

21 Mining supply chains are differentiated from mining value chains in that they include all upstream and downstream activities 
and actors outside of the defined mining value chain (extraction and processing). Supply chains provide inputs into the extraction 
and processing stages of the mining value chain, as well as purchase copper and nickel to further process into finished goods 
(e.g., copper wire, solar panel etc.). 
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3.5. Net zero-aligned carbon offset strategies 

Carbon removal offsets are critical for achieving net zero emissions, but they must not be used as a 

substitution for absolute GHG emissions reductions. While implementing low-carbon technology 

interventions will minimize absolute GHG emissions, there will inevitably be some degree of 

unavoidable, hard-to-abate residual emissions22 (~10% or less of 2020 levelslxxvi). To reach net zero 

emissions by 2050, any residual emissions will need to be “neutralized” using carbon removal 

offsets.lxxvii Other carbon offset types that avoid or reduce emissions can be used in the short- to 

medium-term (e.g., 2020 to ~2035/40) to support “beyond value chain mitigation” during a company’s 

mitigation journey. This will support urgent global decarbonization and take advantage of sustainable 

land-use opportunities and various co-benefits that such offset types provide (e.g., ecosystem services, 

energy access). While “beyond value chain mitigation” investments are considered best-practice, they 

should not be counted towards a company’s emissions reduction targets in the short- to medium-term, 

pending additional best-practice guidance. 

Offsets should be used in line with best-practice to avoid various risks associated with carbon offsets 

and any net-negative outcomes, such as maladaptation.23 Carbon offsets face several risks that can 

lead to net-negative environmental and socio-economic outcomes and contribute to unsustainable land-

use and maladaptationlxxviii (e.g., reforesting an area of land as part of a carbon offset project, using a 

single, non-native species, resulting in negative biodiversity and water impacts). Adhering to best-

practice and international voluntary carbon offset standards can help ensure carbon offset risks are 

minimized or avoided, while maximizing opportunities for sustainable land-use and its associated 

environmental and socio-economic co-benefits.  

The following section provides a high-level overview of best practice for utilizing carbon offsets (as per 

the IPCC; SBTi Net zero Standard and Oxford Principles for Net zero aligned carbon offsettinglxxix) and 

different offset project types, their maturity, market cost and associated risks and co-benefits. The 

section concludes with a carbon offset strategy framework for achieving net zero copper and nickel 

mining value chains.  

3.5.1. An overview of carbon offsets, their risks, and co-benefits 

There are several different categories and types of carbon offsets. Depending on how they address and 

store GHG emissions, and how they should be used during a company’s mitigation journey to achieve 

net zero emissions, carbon offsets can be divided into two broad categories:   

1. Those that avoid or reduce emissions (with and without emissions storage) outside a 

company’s own mitigation efforts or value chain (e.g., renewable energy, energy efficiency or 

fuel switching offset projects). These offset types are best suited for “beyond value chain 

mitigation”lxxx to support urgent climate change action more broadly across the global economy, 

during a company’s mitigation journey. These should be used in addition to, rather than instead 

of, GHG emissions reduction interventions within a company’s value chain (i.e., value chain 

actors should prioritize the reduction of Scope 1, 2 and 3 emissions over the short- (2022-2030) 

to medium-term (2030—2040) and can simultaneously support beyond value chain mitigation 

 

22 Hard-to-abate residual emissions are those that cannot be mitigated due to technology or economic limitations.  
23 Maladaptation is defined as action taken to avoid or reduce climate vulnerability that perversely impacts on other systems, 
sectors or social groups, thereby increasing climate vulnerability. For example, reforesting an area as part of a carbon offset 
project, using a single, non-native species (referred to monocultures), resulting in negative biodiversity and water impacts, and 
land grabs from local communities. 
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using avoidance and/or reduction offset types). Companies should monitor and report annually 

on the nature and scale of their “beyond value chain” investments pending further best-practice 

guidancelxxxi.  

2. Those that remove or sequestrate emissions from the atmosphere with both short- and long-

term storage (e.g., afforestation; direct air capture and storage, and mineralization 

technologies). While these offset types can also be used for “beyond value chain mitigation”, 

they are best suited for use as “neutralization or carbon removal offsets” to neutralize any 

remaining residual or hard-to-abate emissions and achieve net zero emissions in the long-term 

(by 2050).  

Box 6: What are carbon offsets and carbon offset credits?lxxxii 
The terms carbon offset and carbon offset credit are generally used interchangeably, though they can mean slightly 

different things. A carbon offset broadly refers to a reduction, avoidance, or removal of GHG emissions, that is used 

to compensate for emissions that occur elsewhere. A carbon offset credit is a transferrable instrument certified by 

governments or independent certification bodies to represent an emission reduction, avoidance, or removal of one 

metric tonne of CO2 equivalent GHG emissions. The purchaser or developer of an offset credit can “retire” it to claim 

the underlying reduction, avoidance, or removal towards their own GHG reduction goals. However, there are 

nuances with regards to “beyond value chain mitigation” offsets and carbon removal offsets for reaching net zero 

emissions in the long-run (~2045 – 2050). 

Carbon offsets also provide opportunities for sustainable land-use during the lifecycle of a mine and 

across the rest of the mining value chain. For example, solar PV (as a renewable energy offset project) 

built over low-light crops provide clean energy, reduce evapotranspiration, and improve water-use 

efficiency, support sustainable and climate smart agriculture practices. Climate smart agriculture is also 

a potential carbon offset opportunity. Other carbon offsets that enable sustainable land-use include: (i) 

biofuel feedstock crops and bioenergy with carbon capture and storage (BECCS); (ii) afforestation and 

REDD+ projects; (iii) soil carbon enrichment and agri-forestry projects; (iv) mangrove and coral reef 

rehabilitation projects; and (v) tailings mineralization and enhanced weathering projects.   

Nature-based solutions vs engineered solutions 
Offset projects can be further classified into either nature-based solutions (NBSs) or engineered 

solutions, each with their own cost, maturity, and governance trade-offs.  

Nature-based solutions: NBSs are generally more mature offset opportunities (e.g., REDD+ 

reforestation, ecosystem rehabilitation, soil carbon enrichment projects) but have a higher governance 

burden (e.g., on-going environmental stewardship) to ensure their permeance and avoid any negative 

environmental and socio-economic risks, such as maladaptationlxxxiii.  

Engineered solutions: These range in their technology readiness levels (TRL), maturity and cost. Those 

that avoid emissions (e.g., renewable energy, energy efficiency projects) are generally mature and cost-

effective. Technologies that remove emissions with short- or long-lived storage – referred to as 

Negative Emissions Technologies (NETs) – are less mature and relatively more costly (e.g., end-of-pipe 

or post-combustion carbon capture and storage (CCS) and direct air capture and carbon storage 

(DACCS)). The key advantage of NETs is that they can (generally) sequester more emissions per land 

area, and store GHG emissions for a lot longer, and at lower risk of reversal, than NBSs, (except for 

carbon mineralization and enhanced weathering).lxxxiv While NETs generally have a lower governance 

burden, they require investments into research and development (R&D) in the short- to medium-term to 

ensure their long-term viability and successlxxxv.  
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Carbon offset risks 
Carbon offset – either NBSs or other engineered solutions – face a variety of risks at a project level and 

to companies using them as a GHG mitigation tool. These risks include: 

1. Greenwashing risk: Carbon offsets have been used as a greenwashing tool by business and 

industry to continue emitting GHG emissions and avoid material emissions reductions (e.g., 

fossil fuel companies committing to a net zero target, overusing offsets to meet the target, and 

yet continue to explore for new fossil fuel reserves). This not only threatens business reputation 

but can lead to continued contributions to climate change and failure to meet the Paris 

Agreement temperature targetlxxxvi.  

2. Over-reliance risk: Companies can become over-reliant on offsets to compensate for GHG 

emissions, without undertaking absolute emissions reductions. This can lead to additional risks, 

including the lock-in of carbon-intensive/fossil fuel infrastructure (and associated value chain 

environmental and socio-economic risks), grandfathering of emissions, limited action against 

climate change and overshooting the 1.5°C temperature target.  

3. Offset quality risks: Quality risks refer to the failure of the offset project to adhere to minimum 

offset requirements and best-practice principles, leading to poor quality and low credibility of 

offsets. These include additionality, permanence/emissions reversal, double counting, and 

carbon leakagelxxxvii.  

4. Implementation and eligibility risk: Inadequate capacity and capabilities of project developers 

can lead to poor governance and mismanagement of offset projects, threatening their effective 

implementation and causing additional environmental and socio-economic risks to local 

communities. Different offset project types can also face eligibility limitations under different 

voluntary standards (e.g., The Gold Standard has limitations on grid-based renewable energy 

offset projects in developing countries with 5% or more penetration of grid-based renewable 

energy)lxxxviii. 

5. Validation risk: Implementation and eligibility risks can lead to validation risks where offset 

projects are not accepted or validated by relevant carbon offset standards. It also refers to 

potential time delays during validation processes with standards bodies that can last for 

months, and sometimes years. 

6. Market risk: Access to carbon offset markets is not guaranteed, both in terms of selling and 

purchasing the desired quality and type of offset credits, at an affordable price. Market risk is 

expected to grow significantly as demand for offset credits is likely to outpace the supply of 

credible offset credits. This is expected to increase the cost of credits from US$1/tCO2e to as 

much as US$120/tCO2elxxxix.  

7. ESG risks: Failure of offset project developers to conduct comprehensive due diligence to 

prevent potential negative environmental and socio-economic impacts across the offset project 

lifecycle. Offsets also face the challenge of providing and balancing both carbon sequestration 

and tangible sustainable development/socio-economic co-benefitsxc. Poor governance can lead 

to negative impacts on ecosystem functioning, biodiversity, water and food security, human 

rights, and livelihoods. (e.g., inappropriate tree planting and monocropping on natural grassland 

can add more GHG emissions to the atmosphere then they sequester and reduce biodiversity 

and water availability of the region, leading to maladaptation). 

8. Pricing risks: Offset pricing complexities can present challenges around local community and 

offset developer remuneration, and the potential for skewed value (and benefit) from offset 
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projects in developing countries. Therefore, socio-economic development imperatives, and 

principles of equity, must be prioritized when developing or purchasing carbon offsets in 

developing countries.  

9. Reputation risk: All these risks can lead to reputational damages to companies if announced 

plans do not play out, or if ESG risks are realized. This can materialize for either an individual 

offset project or an entire offset portfolio.  

Carbon offset co-benefits 
Carbon offsets can provide opportunities for sustainable land-use, with additional environmental and 

socio-economic co-benefits beyond their GHG emissions benefits: 

1. Environmental co-benefits: NBSs can provide environmental co-benefits by supporting 

biodiversity, improving soil and water quality, and strengthening the provisioning of ecosystem 

services – a key advantage over NETs. These co-benefits can enhance the Planet’s resilience to 

anthropogenic shocks and offset some of the land-use change impacts associated with mining 

value chains. NETs, however, do not necessarily provide the same degree of environmental co-

benefits beyond those related to GHG emissions.  

2. Socio-economic co-benefits: NBSs can provide direct socio-economic co-benefits by providing 

income to communities for social upliftment (e.g., forestry-based carbon offset projects in 

Madagascar generated enough carbon revenues for local communities to build three new 

schools).xci They can also provide indirect socio-economic benefits by restoring natural 

ecosystems upon which local livelihoods depend; contributing to climate change adaptation and 

resilience; promoting gender equality, human rights and inclusive economies. Engineered 

solutions can provide co-benefits related to energy efficiency, improved access to clean energy, 

better air quality and human health.  

Carbon offset sourcing models 
Carbon offsets, or carbon offset credits, can be sourced in different ways, either by purchasing credits 

from the market, or self-developing offset credits for own use.  Self-developing carbon offset or carbon 

inset projects could offer the most benefit to copper and nickel mining value chain actors. Value chain 

actors can source carbon offsets via four broad sourcing models, including:  

1. Self-develop inset/offset projects: Develop, validate, and register own inset/offset projects, for 

own use in achieving net zero emissions targets. Any excess credits could then be sold to value 

chain partners, other sectors or to carbon markets.  

2. Contract for delivery with offset project developers: Establish long-term contracts with credible 

offset project developers to secure and access carbon credits from a range of different projects. 

3. Contract for delivery with offset market retailers: Purchase small amounts of offset credits 

quickly from contracted retailers, who would source and retire offset credits from a diverse 

range of offset projects. 

4. Purchase from an exchange or spot-market: Purchase offset credits from offset exchanges or 

spot markets, sourced from a wide variety of offset projects.   
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Box 7: Carbon offsets vs carbon insetsxcii 
The difference between carbon offsets and carbon insets is broadly based on where the projects take place. 

Insetting generally refers to projects that occur within a company’s value chain or sphere of influence and are 

generally self-developed for own use. Offsetting broadly refers to projects outside a company’s value chain or 

sphere of influence and can include self-developed projects or credits purchased off the market. 

Each sourcing model has its own advantages and disadvantages and exposes value chain actors to 

different risks (Table 5). Value chain actors will need to evaluate each sourcing model and decide which 

of them is best suited to meet their offset requirements and risk exposure. It is recommended that value 

chain actors look to prioritize self-developing their own inset/offset projects to meet their projected 

offset demand - given the greater ability to influence the quality of, and co-benefits from such projects. 

Purchasing offset credits from retailers, exchanges, or spot-markets, should ideally only be done for 

neutralizing unexpected fluctuations in residual emissions as they occur. 

Table 5: Advantages and disadvantages of different offset sourcing modelsxciii 

  
Self-develop 

inset/offset projects 
for own use 

Contracting with 
offset project 

developers 

Contracting from 
offset market 

retailers 

Purchasing from 
offset exchange/spot 

market 

Ability to influence or 
evaluate offset quality 

High potential Medium potential 
Medium – low 

potential 
Low potential 

Ability to influence co-
benefits 

High potential Medium potential Medium potential Low potential 

Cost of offset credits Low Low High High 

Security of offset credit 
supply 

High / secure Moderate / secure Low / insecure Low / insecure 

Transaction costs & 
administrative burden 
(time, resources, 
expertise) 

High High Low low 

Lead time before offset 
credits become 
available 

3 – 5 years 3 – 5 years Immediate Immediate 

Purchase agreement 
timeframe 

Long-term Long-term Short-term Short-term 

Mining value chain actors are encouraged to integrate carbon offset/inset planning into mine 

development and financial planning processes. The development phase of a typical mine lifecycle 

(planning and developing the mine) can take between 4 and 12 yearsxciv, a relatively similar time scale 

for self-developing inset/offset projects. It is, therefore, recommended that offset/inset planning be 

including in the development phase of the mine lifecycle. Including environmental and social impact 

assessments of the projects themselves, and within treasury and finance planning for existing and new 

mine developments. This will ensure offset credits and finance for project development are secured for 

neutralizing emissions when operations begin.   
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3.5.2. Best practice recommendations for using net zero-aligned carbon offsets 

Mining value chain actors are encouraged to adopt the following best-practice recommendations for net 

zero-aligned carbon offsetting strategies. Companies should also note that best-practice is always 

evolving, and they will need to constantly review and align their GHG mitigation and carbon offset 

strategies accordingly (e.g., the SBTi is expected to provide best practice guidance for “beyond value 

chain mitigation” offsets later in 2022 or in earl 2023).  

Adhere to the mitigation hierarchy and prioritize absolute emissions reductions before using carbon 

removal offsets to “neutralize” any residual emissions. During their mitigation journey (between 2022 

and ~2035/40), mining value chain actors are encouraged to invest in “beyond value chain mitigation” 

offset opportunities outside of their value chain to support urgent global decarbonization. This should 

be done in addition to, not instead of, absolute emissions reductions. This is to avoid becoming over-

reliant on carbon offsets and exposing companies to market and pricing risks, while also ensuring 

absolute emissions reductions are aligned to a 1.5°C trajectory. The nature and scope of these 

investments should be recorded annually pending further best practice guidance. According to the SBTi 

“beyond value chain mitigation” offsets are voluntary but considered best practice.xcv 

Develop a coherent, company-wide carbon offset strategy with decentralized offset plans that align to 

climate change mitigation, adaptation, carbon offset, spatial planning, and economic developmental 

policies in host countries. Developing a company-wide carbon offset strategy will provide high-level 

direction and key principles for governing the use of carbon offsets. Decentralized carbon offset plans, 

at a country/regional level, will allow for flexibility in prioritizing different carbon offset project types, 

based on the alignment between their sustainable land-use co-benefits and climate change and 

development policies in host countries. This will help ensure that value chain actors are directly 

contributing to host country policy agendas, a just transition and addressing environmental and socio-

economic impacts beyond GHG emissions, all while strengthening their reputation, stakeholder 

relationships and securing their social license to operate. 

Transition carbon offset portfolio composition to 100% carbon removal offsets by 2050. To ultimately 

achieve net zero emissions, value chain actors will require offsets that remove/sequester residual, hard-

to-abate emissions. It is, therefore, recommended that copper and nickel value chain actors transition 

their offset portfolios from a mix of avoided and reduced emissions offset types (i.e., beyond value 

chain mitigation offsets) in the short- to medium-term (~2020 – 2030/40), to 100% removal offsets from 

~2045 onwards (Figure 24). This will align offset portfolios with the recommendations of the IPCC, SBTi 

Net zero Standard and Oxford Principles for Net zero aligned offsets and achieve Net zero emissions by 

2050.   

Align offset co-benefits with negative environmental and social impacts form mining activities to 

balance a company’s carbon offset portfolio composition of short- and long-lived carbon removal 

offsets (green and yellow in Figure 24). The IPCC and SBTi advocate for the prioritization of NBSs with 

short-lived storage offset types (e.g., reforestation, blue carbon stocks etc.) due to their various 

environmental and socio-economic co-benefitsxcvi. However, these offset types generally face 

permanency risks and require ongoing environmental stewardship. The Oxford Principles, on the other 

hand, advocate for the prioritization of long-lived storage offset types, due to their permanency 

benefitsxcvii. However, these generally do not offer the same degree of co-benefits.  

To balance these trade-offs, it is recommended that value chain actors create risk-weighted criteria to 

inform decision-making and align offset co-benefits with negative environmental and socio-economic 

impacts from mining value chain activities in host countries (as identified in environmental and socio-
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economic impact assessments). This approach will support a “do no harm” principle and help to achieve 

net-positive environmental and socio-economic outcomes across different mining locations (e.g., 

offsets with high biodiversity and ecosystem service co-benefits should be prioritized in regions where 

mining has significant biodiversity impacts. Conversely, where mining has little biodiversity impacts, 

value chain actors could prioritize long-lived storage offset types in those regions).  

 
Figure 24: Net zero-aligned carbon offset portfolio compositionxcviii 

Only use certified carbon offsets that meet minimum credibility requirements should be used to 

achieve net zero emissions. There are various international voluntary carbon offset standards (e.g., 

Gold Standard; Verified Carbon Standard – Verra; Voluntary Offset Standard; Climate, Community and 

Biodiversity Standards; the International Carbon Reduction & Offset Alliance (ICROA) and the Oxford 

Principles for Net-Zero aligned carbon offsets, amongst others), each with their own specific 

requirements for credible offsets. Increasingly more companies are conducting their own or obtaining 

third-party due diligence on their carbon offset developments/purchases.  However, all offset projects 

should, as a minimum requirement, adhere to best-practice principles (which themselves can become 

risks to offset projects)xcix 
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Box 8: Minimum requirements for credible carbon offsets 
Additionality: Offset projects are additional if they would not have occurred in the absence of a market for offset 

credits. If the project would have happened, regardless of the opportunity to sell offset credit (e.g., installing 

renewable energy to mitigate fossil fuel-based emissions), then it is not addition and claiming neutralization from 

such projects would only add to climate change.  

Quantification and leakage: Avoid overestimation of GHG emissions avoided or removed by ensure accurate 

measurements of: (i) baseline emissions; (ii) actual emissions avoided or reduced and (iii) any emissions-leakage 

from the offset project.  

Permanence: Ensure the longevity of the project and minimize the risk of reversal (re-releasing offset emissions). 

GHG emissions can exist in the atmosphere for hundreds of years. To compensate for this, offsets must achieve 

similar avoidance or removal of emissions that are similarly permanent (e.g., renewable energy projects that avoid 

fossil fuel usage or carbon sinks with long-lived storage of emissions.  

Exclusive claim to GHG reductions: Prevent double counting of offset credits (i.e., emissions avoided or removed by 

an offset project) by multiple stakeholders.  

Avoid environmental and social harm: Adhere to a “do-no-harm” principle and strive for “net-positive” environmental 

and socio-economic outcomes. The offset project should not exacerbate other environmental or socio-economic 

risks (e.g., biodiversity loss or negatively impact on livelihoods) in trying to avoid or remove GHG emissions.  

Use end-of-pipe carbon capture and storage (CCS) technologies (Category III in Figure 24) as 

“transitionary inset intervention” in the short- to medium-term only. Value chain actors are cautioned 

not to become over-reliant on end-of-pipe CCS technology as a GHG emissions mitigation intervention. 

Since end-of-pipe CCS does not remove GHG emissions from the atmosphere but, at best, only prevents 

some emissions entering the atmosphere, it carries significant risks associated with: (i) the lock-in of 

carbon-intensive infrastructure and grandfathering of emissions (e.g., fossil fuel value chains and 

associated environmental and socio-economic risks); (ii) stranded offset assets; (iii) risk of emissions 

leakage and continued release of GHG emissions, failure to reach net zero emissions and overshoot of 

the 1.5°C target, and (iv) greenwashing.c There is also a risk that offset standards will disqualify these 

as credible offset opportunities in the medium- to long-term (e.g., additionality and eligibility risks), as 

has been the case with some grid-based renewable energy projects24. However, the value of such 

technology for supporting the mitigation journey is recognized and, therefore, end-of-pipe CCS 

technology should be used only as a transitionary instrument while cleaner energy options are deployed 

at scale.  

Invest in R&D for carbon removal with long-lived storage offset opportunities (Category V in Figure 24) 

in the short-term (2022 – 2030) for future long-term success. particularly carbon mineralization and 

enhanced weathering. The mining sector is significantly well positioned to self-develop carbon 

mineralization and enhanced weathering inset opportunities, particularly using mine waste and tailings 

from nickel mines. Mineralization and enhanced weather can reverse land degradation by neutralizing 

acid soils, which in turn has benefits for biodiversity and food securityci. Further, these offset 

opportunities can not only meet miners’ own offset requirements but can potentially be used as a new, 

innovative business model for supplying credible carbon offset credits to other mining value chain 

actors and sectors. This could have the added benefit of potentially providing a new revenue stream to 

support tailings management, mine rehabilitation and post-closure socio-economic plans. These 

 

24 For example, the Gold Standard has limitations on grid-based renewable energy offset projects in developing countries with 5% 
or more penetration of grid-based renewable energy 
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interventions can offset land-use change emissions and biodiversity impacts and contribute to a just 

transition.  

Table 6 brings all these carbon offsetting considerations together by providing: 

1. A high-level evaluation of selected offset project types, including their TRL/maturity; average 

market price; implementation and quality risks; environmental and socio-economic co-benefits, 

and environmental and socio-economic risks. 

2. Best practice recommendations on the most appropriate time frames, use and sourcing model 

for each offset category.  

These recommendations should be implemented within the ambit of a comprehensive and credible 

carbon offset strategy.  
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Table 6: Carbon offset opportunities, risks, and recommendationscii 

 Offset project 
Offset 
type 

TRL / 
maturity 

Average 
offset 

credit cost 

Implementation 
&  

quality risk 

E&S Co-
benefits 

E&S Risks Recommendations: Implementation strategy & portfolio composition 

C
a

t.
 I

 

Renewable energy NET      

• Purchase offset credits in the short-term (2022-2035/40) to support mitigation beyond the 
mining value chain during the mitigation journey. 

• Potentially self-develop inset projects within mining communities to take advantage of 
clean energy access & human health co-benefits (with potential indirect contributions to 
post-closure livelihood plans and a just transition). 

• Phase out the use of these offsets from ~2035/40, in favor of Cats. IV & V offsets, as they 
may no longer hold additionality or increasingly face eligibility risks.  

Energy Efficiency NET      

Fuel Switching NET      

Gas recovery/destruction NET      

Energy crops NBS      

C
a

t.
 I

I 

Avoided damage to 
ecosystems (incl. REDD+) 

NBS      

• Take advantage of biodiversity & ecosystem service co-benefits to offset land-use change 
emissions and biodiversity impacts simultaneously (with potential indirect socio-economic 
& just transition benefits).  

• Contract with developers or purchase credits from retailers or spot markets in the short- to 
medium-term.  

• Some potential for insetting projects, particularly in and around mine sites in high-
biodiversity regions. 

• Phase out & substitute for Cats. IV & V offsets projects from ~2035  

Sustainable agriculture 
practices (e.g., climate 
smart agriculture)  

NBS      

Agri-forestry NBS      

C
a

t.
 I

II
 

End-of-pipe CCS on 
industrial facilities 

NET      

• Self-develop in the short- to medium-term and utilize as a “transitionary inset intervention” 
to offset emissions from operations during mitigation journey. 

• Start phasing out as operations transition to cleaner energy sources. 
• Substitute for Cat. IV & V projects from ~2040/45 

C
a

t.
 I

V
 

Afforestation/ 
reforestation & ecosystem 
rehabilitation 

NBS      

• Take advantage of E&S co-benefits to offset land-use change emissions & biodiversity 
impacts simultaneously, particularly in high-biodiversity regions. 

• Self-develop inset projects or contract with development partners. Only purchase credits 
as a last resort to overcome any shortfalls from self-developed/contracted projects.   

• Despite permanence risks, these offset projects should make up the bulk of an offset 
portfolio between ~2030 & 2050, given their co-benefit potential. 

• Invest resources into environmental stewardship and good governance of these projects.  

Blue carbon stocks NBS      

Biochar production NBS      

C
a

t.
 V

 

Direct Air Carbon Capture 
(DACCs) 

NET      
• Invest in R&D and begin piloting these offset technologies in the short-term (~2022 – 

2030) for long-term success. 

• Begin prioritizing these offset projects from ~2035/40 to make up the bulk of an offset 
portfolio by 2050, given their sequestration and permanence potential. 

• Self-develop for own use as part of mine rehabilitation & post-closure plans. Potentially 
sell any excess credits as an alternative revenue stream to finance mine rehabilitation & 
post-closure plans. 

Bioenergy with Carbon 
Capture & Storage (BECCs) 

NET      

Carbon mineralization & 
enhanced weathering 

NBS      

Key 

Technology Readiness 
Level (TRL) 

Average offset credit cost Implementation and quality risk Environmental & Social (E&S) co-benefits Environmental & Social (E&S) risks 

 7-9  Low: ~$1-25/tCO2e  Low: 1-2 potential risks, with low probability  High: >4 potential co-benefits  Low: 1-2 potential risks 

 4-6  Medium: ~$25-100/tCO2e  Moderate: 3-4 potential risks with moderate probability  Moderate: 3-4 potential co-benefits  Moderate: 3-4 potential risks 

 1-3  High: >$100/tCO2e  High: >4 potential risks with high probability  Low: 1-2 potential co-benefits  High: >4 potential risks 
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Net zero-aligned carbon offset strategy framework 
To support the credible use of net zero-aligned carbon offsets, Table 7 provides a carbon offset strategy framework that copper and nickel mining value chain actors can use 

to guide the development of their own offset strategies.  

Table 7: Net zero-aligned carbon offset strategy framework 
A carbon offset strategy should be aligned with the mitigation hierarchy, only using credible offsets to neutralize residual emissions and not as a substitute for absolute emissions 

reductions 

1. Determine strategic 
objectives for company-
wide offset strategy, with 
decentralized offset plans 

• Define strategic outcomes and objectives for the carbon offset strategy and communicate these both internally and externally. Align these to best-
practice and corporate sustainability goals. Build a Theory of Change to help identify the types of carbon offset projects that contribute to the 
achievement of the defined strategic outcomes and objectives. 

• Defining strategic offset objectives facilitates a more coherent and credible offset portfolio & helps streamline implementation processes & 
communication. 

• Develop explicit offset principles and criteria that clearly define offset project priorities (e.g., co-benefit maximization; long-term storage; sequestration 
potential). 

• Develop decentralized carbon offset plans for different operating regions/host countries. These should align with the overall strategic outcomes & 
objectives, while also considering host countries’ climate change and economic developmental policy goals. 

• Determine preferred offset sourcing model based on their relative advantages and risk exposures and how they align to the strategic objectives. 

2. Identify and map carbon 
offset opportunities and 
standards requirements 

 

• Develop carbon offset project prioritization criteria, with both negative filtering criteria to ensure they meet minimum strategic requirements (e.g., a 
disqualification process for those that do not meet strategic objectives, decentralized plans, or voluntary offset standard requirements), and a 
maximization framework to understand which short-listed projects maximize overall quality and impact (co-benefits). 

• Investigate and shortlist opportunities for self-developed insetting & offsetting projects that align to the strategic objectives, decentralized plans, and 
prioritization criteria. Note their locations, risks, co-benefits, and potential alignment to environmental and socio-economic impacts caused by mining 
value chain activities. (e.g., transition offset portfolio composition to 100% carbon removal offsets by ~2045 and balance potential co-benefits to value 
chain environmental and socio-economic impacts). 

• Identify and engage with potential offset development partners; retailers; exchanges and spot-markets. Investigate the availability (market supply) of 
offset credits that align to the strategic objective and offset focus areas as a stop-gap for any unforeseen increases in residual emissions). 

• Invest in R&D in the short-term for immature carbon removal offset opportunities for long-term success (e.g., mineralization and enhanced weathering). 

3. Establish risk mitigation 
measures 

• Establish mechanisms to review and identify offset project exposure to various offset risks (e.g., additionality, permanence, implementation, eligibility, 
validation risks etc.). 

• Implement due diligence and risk management measures throughout all phases of an offset project to identify, assess and mitigate potential 
environmental and socio-economic risks associated with the offset project. 

4. Ensure highest quality 
offsets are developed or 
purchased 

• prioritize the highest quality (not lowest cost) offset projects, from the short-listed opportunities, to be developed or purchased. Employ the most robust 
standards, vet offset projects, and avoid cheap credits (price can be an indicator of quality). 



 

52 

 



 

53 

3.6. The Net zero Roadmap 

3.6.1. Internal enabling interventions 

To support and facilitate the transition towards net zero emissions, value chain actors are encouraged 

to implement various internal enabling interventions:  

Governance structures: 
• Ensure Executive oversight & accountability for implementing a just transition to Net zero 

emissions & improved ESG performance  

• Adopt principle of governance for additionality & strive for net-positive outcomes 

• Adapt procurement policies to prioritize low-carbon goods & services, sourced from local 

producers; develop & implement risk mitigation mechanisms; stakeholder engagement 

strategies etc. 

Develop a net zero company-wide strategy with medium- & long-term milestones and targets: 
• Set company-wide Scope 1, 2 and 3 targets for 2030; 2040 & 2050 

• Set asset-level Scope 1 & 2 targets as appropriate 

• Develop a company-wide carbon offset strategy, with decentralized offset plans 

Establish internal carbon management function: 
• Internal carbon management functions would be responsible for oversight of mitigation 

strategies, and working with departmental champions & external stakeholders  

• Implement scope 1, 2 & 3 emissions strategies, including emissions reduction interventions and 

carbon offsets 

Establish an internal carbon price: 
• Internal carbon prices can help inform procurement policies & encourages more sustainable 

decision-making  

• Companies are encouraged to aim for a 1.5°C-aligned internal carbon price of ~US$210/tCO2e 

by 2030 and ~US$315/tCO2e by 2050ciii (reported in 2022 prices25) 

Future proof net zero strategies: 
• Continually identify & invest in RD&D for emerging & alternative technologies for emissions 

reductions & carbon removals; good ESG performance & a just transition 

3.6.2. Low-carbon technology and carbon offset deployment Roadmap 

The Net zero Roadmap for Copper and Nickel brings all the mitigation elements discussed throughout 

the chapter into one succinct action plan for transitioning to net zero emissions by 2050 (Table 8). The 

Roadmap includes recommendations for: 

1. Absolute GHG emissions reduction targets over time 

2. Low-carbon technology deployment and RD&D for avoiding and minimizing absolute GHG 

emissions 

3. Supporting beyond value chain mitigation in the short- to medium-term 

4. Balancing the net zero equation by neutralizing any residual, hard-to-abate emissions using 

credible carbon removal offsets  

 

25 Carbon prices required for a 1.5°C temperature target were identified from the literature and converted into 2022 prices using an 
average US$ inflation rate of 2.17% p.a. 
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Table 8: 2050 Net zero Roadmap for Copper and Nickel 
Roadmap elements Now (2020 baseline) Short-term (2023 – 2030) Medium-term (2030 – 2040) Long-term (2040 – 2050) 

Absolute emissions 
reduction targets 

• ~85 MtCO2e/y of Cu 

• ~88 MtCO2e/y for Ni (depending on 
the process route) 

35 – 50% reduction  

• Cu: ~55 - 43 MtCO2e/y  

• Ni: ~57 - 44 MtCO2e/y  

70 – 80% reduction 

• Cu: ~26 - 17 MtCO2e/y  

• Ni: ~26 - 18 MtCO2e/y 

>90% reduction  

• Cu: ~8.5 MtCO2e/y = offset demand 

• Ni: ~8.8 MtCO2e/y = offset demand 

Avoid and reduce 
GHG emissions 

(Low-carbon 
technology 
deployment) 

• Conduct whole-of-site (mine, 
processing, and transport) 
optimization to determine energy 
saving opportunities 

• Evaluate opportunities for 
commercially available process 
optimization technologies 

• Develop renewable energy (RE) 
deployment (e.g., solar, wind) and 
low-carbon haulage strategy 

• Conduct environmental & social 
impact assessments for the on-site 
deployment of low-carbon 
technologies 

• Continually improve energy 
efficiency 

• Begin execution of RE and low-
carbon haulage interventions 

• Begin piloting of green hydrogen 
and battery electric vehicles (BEV) 

• Investigate circular economy (CE) 
opportunities across operations 

• Invest in RD&D for medium- and 
long-term technologies 

• Continually evaluate and optimize 
transport and logistics 

• Continually improve energy 
efficiency 

• Execute 100% RE deployment 

• Deploy full-scale low-carbon 
haulage strategy  

• Pilot automation for processes and 
systems that rely on software 
controls 

• Pilot process heat and alternative 
reductants in pyrometallurgical 
processing 

• Scale up CE opportunities across 
mining value chain operations 

• Continually improve energy 
efficiency 

• Complete deployment and scaling 
up of process heat and alternative 
reductants  

• Explore the implementation of new 
technologies (e.g., in-situ leaching) 
and their associated ESG impacts  

• Explore unconventional mineral 
extraction/processing from new 
reserves, tailings, and sources 

• Scale up automation for processes 
or systems that rely on software 
controls 

• Support industrial-scale CE 
programs 

Remove residual 
emissions 

(Carbon offsets and 
sustainable land-
use) 

• Develop a coherent, company-wide 
carbon offset strategy with 
decentralized offset plans 

• Invest in RD&D for carbon removal 
offset technologies 

• Support “beyond value chain 
mitigation” by investing in credible 
carbon offset projects that are 
outside a company’s value chain 

• Utilize end-of-pipe Carbon Capture 
and Storage (CCS) technologies as 
“transitionary offsets”  

• Invest in RD&D for carbon removal 
offset technologies 

• Support “beyond value chain 
mitigation” 

• Phase out end-of-pipe CCS 
technologies and “transition 
offsets” 

• Pilot carbon removal offset 
technologies for own mitigation  

• Transition offset portfolio to 100% 
carbon removal offsets 

• Neutralize residual, hard-to-abate 
emissions using credible carbon 
removal offsets to reach Net zero 
emissions by 2050 
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4. DELIVERING A JUST TRANSITION 
The GET will significantly increase demand for energy transition metals (ETMs), which if left 

unmanaged, could exacerbate existing environmental and social risks. Copper and nickel are two key 

ETMs necessary for making the renewable energy and low-carbon technologies needed to help mitigate 

climate change. Their value chains provide multiple socio-economic benefits such as, employment and 

livelihood opportunities, infrastructure development, and a strong contribution to host country GDP. 

Copper and nickel mining value chains also pose environmental, social and governance (ESG) risks (e.g., 

GHG emissions, pollution, biodiversity loss, human rights violations). If unmanaged, ESG risks could be 

exacerbated by significant increases in the demand for and supply of copper and nickel.  

The net zero mining transition is expected to create multiple environmental and socio-economic 

benefits but also presents risks to mining stakeholders. Without sufficient safeguards in place, the costs 

and benefits of the transition may not be distributed evenly between regions, sectors, and social groups. 

The transition may exacerbate existing and historical inequalities, such as access to decent livelihoods, 

a healthy environment, and economic opportunities for at-risk stakeholders.  

A just transition can ensure that stakeholders are better off because of the increased demand for ETMs 

and the transition to net zero mining. Ensuring a just transition is a shared responsibility between mining 

value chain actors, governments, suppliers, workers, labor, civil society, and local communities. Inclusive 

collaboration between these stakeholders is critical to facilitating a just transition.  

The following sections explore different interpretations of a just transition, including differences in 

scope, intention, and ambition across the “just transition spectrum”. Just transition threats and 

opportunities are then reviewed before deep diving into a skills and job gap assessment for future net 

zero copper and nickel mining value chains. A Just Transition Toolkit to support value chain actors’ 

understanding of, and contribution to, a just transition is also provided. 

4.1. Understanding a just transition 

There are several interpretations of a just transition, from a narrow focus on workers and employment 

impacts to a broader focus that includes environmental sustainability, human well-being, and regional 

resilience building. A narrow interpretation of a just transition focuses on employment impacts from 

climate change and climate change policies, labor market policies, decent work, and minimizing 

negative impacts on workers. The Paris Agreement notes “the imperative of a just transition of the 

workforce and the creation of decent work and quality jobs in accordance with nationally defined 

development priorities”civ.  

A broader interpretation of a just transition goes beyond employment impactscv and considers wider 

environmental sustainability, peoples’ livelihoods, human health, well-being, autonomy and resilience. 

The International Labour Organisation (ILO), states that: “a just transition for all towards an 

environmentally sustainable economy needs to contribute to the goals of decent work, social inclusion, 

and the eradication of poverty. Managed well, transitions to environmentally and socially sustainable 

economies can become a strong driver of job creation, job upgrading, social justice and poverty 

eradication. Greening all enterprises and jobs by introducing more energy and resource efficient practices, 

avoiding pollution, and managing natural resources sustainably leads to innovation, enhances resilience 

and generates savings which drive new investment and employment”.cvi In other words, a just transition is 
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the “connective tissue” between each of the SDGs – between a mine, the environment, the community 

and a vibrant local economy.cvii  

Box 9: Critical aspects of a just transition 
Livelihoods refers to how people secure access to their basic needs, such as food, water, shelter, and clothing. 

Livelihoods, therefore, includes aspects related to formal and informal employment; entrepreneurship, and 

subsistence activities (e.g., a person’s job at a mine or processing plant; an entrepreneur who sells food to mine 

workers; or local subsistence farmers). Each of these are influenced directly and/or indirectly by access to a healthy 

environment and markets.  

Human health and well-being include various aspects related to peoples’ basic needs and human rights, such as 

nutritional diets; physical and mental health; physical security, clothing, and shelter; access to a healthy 

environment, and access to recreational, spiritual, religious, and cultural activities.  

Autonomy refers to people’s ability or freedom to make their own decisions, shape their own lives and withstand 

external shocks and changes. Autonomy includes access to decision-making platforms that have influence over an 

individual’s livelihood, health, and well-being (e.g., the right to free, prior, and informed consent).  

Resilience speaks to an individual’s or communities’ ability to adapt to external shocks, such as climate change; 

economic recessions; pandemics and mine closures, and maintain or improve their access to livelihoods, health, 

and well-being (i.e., to maintain their standard of living following a severe flood).  

Common foundations of a just transition are:cviii  

• The transition to net zero emissions should, as a minimum, be managed to avoid negative 

consequences and provide additional, net-positive co-benefits to marginalized and at-risk 

stakeholders 

• Social dialog and inclusion are integral to the just transition, as are people’s health, well-being, 

and resilience 

• Workers and communities - and at a broader level, society at large - are involved in the decision-

making processes that affects their lives 

• Justice, equality, equity, and fairness are representative of the “just” part of the just transition 

• Transparency, accountability, and inclusivity are core to a just transition 

A just transition can be understood as a spectrum of strategic options with trade-offs in scope, 

intention, and ambitioncix (Figure 25):  

• Scope of a just transition: Speaks to (i) the number of different stakeholders and (ii) number of 

different risks or impacts that are considered (e.g., focusing on workers and employment risks 

only; or including workers, communities, and supply chain actors26, in addition to employment, 

gender, human rights, and environmental risks they all face). A broad understanding of a just 

transition extends beyond directly impacted workers and communities to include all at risk 

stakeholders that may be affected directly and indirectly.  

• Intention of a just transition: Sets out the purpose and desired end goal of a just transition that 

can be achieved through a set of actions. Intention can be considered as a continuum from 

marginal reform, through structural reform, to system transformation. Marginal reform focuses 

 

26 Mining supply chain actors are those upstream and downstream of the defined mining value chain (extraction and processing). 
They provide inputs into the extraction and processing stages of the mining value chain, as well as purchase copper and nickel to 
further process into finished goods (e.g., copper wire, solar panel etc.). 
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on achieving change within an existing social and economic system, while structural reform 

seeks change through inclusive and empowering processes. For example, marginal reform of 

employment policies would prioritize the employment of more women, while structural reform 

would completely overhaul employment and operational polices to ensure additional gender 

inequalities are addressed, such as pay-gaps and women-focused health services. System 

transformation, on the other hand, achieves change by overhauling existing social and economic 

systems that are incompatible with sustainable development and social equity, such as 

transitioning from a capitalist to a socialist economic system.  

• Ambition of a just transition: Speaks to the desired degree of just results. Ambition can be 

understood as a progression from procedural justice (e.g., including and empowering 

stakeholders), to distributive justice (e.g., understanding who is responsible for mitigating risks 

and who benefits from the transition) to restorative justice (e.g., addressing past, present and 

future impacts on stakeholders). 

Figure 25 provides a framework for understanding each of these key elements of the just transition 

spectrum. It is not conclusive and only serves to illustrate the spectrum of a just transition is wide and 

can occur at multiple scales. 

 
Figure 25: A framework for understanding the spectrum of a just transitioncx 
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Box 10: Three degrees of just transition ambition 

Just transition ambition can be contextualized using three forms of justice, namely procedural justice, distributive 

justice, and restorative justice:   

Procedural justice focuses on inclusion and facilitating an inclusive decision-making process (e.g., engaging with 

workers to understand their transition needs & requirements). Procedural justice is often limited to a reform 

approach, where change is made within existing systems. However, procedural justice is a precursor for a 

transformative approach. System transformation cannot occur without social inclusion. Procedural justice is also a 

precursor for distributive and restorative justice.  

Distributive justice deals with the distribution of risks and responsibilities and focuses on addressing the direct 

impacts resulting from the transition process (e.g., providing income support for job losses and providing 

compensation for environmental damage). Distributive justice begins to bridge the inequality gap between the 

resilient and the vulnerable. However, without procedural and transformative intention it cannot not achieve full 

system transformation.  

Restorative justice considers past, present, and future damages that have occurred against individuals, 

communities and the environment and provides a framework to rectify or ameliorate the situations of harmed or 

disenfranchised communities (e.g., including workers, community members, woman & youth in decision-making 

processes to co-develop their own training, reskilling, retention, severance support, employment, and economic 

support options). Restorative justice is more likely to achieve system change, when combined with elements of 

procedural and distributive justice. 

4.1.1. A just transition to net zero copper and nickel mining value chains 

Unless actively governed, the costs and benefits of the GET and increased demand for copper and 

nickel, will be unevenly distributed across regions, sectors, and social groups.cxi People, communities, 

companies, and countries have different abilities to respond and adapt to the disruption from the GET, 

including ESG risks associated with increased demand for copper and nickel, and the decarbonization of 

these value chains.  

An ambitious and just transition for copper and nickel mining value chains should be broad and 

governed “for additionality” with net-positive environmental and socio-economic outcomes for all 

stakeholders. A new paradigm is required to facilitate a just transition to net zero emissions. One that 

means mining value chains use resources sustainably and prioritize environmental and social 

stewardship for stakeholders affected by mining activities and their necessary decarbonization journey. 

A just transition must ensure mining value chain stakeholders are better off because of the transition. It 

should safeguard stakeholders who have limited capacity to withstand disruptions and take advantage 

of opportunities presented by the transition.cxii 

Each stakeholder’s needs in a just transition, how these are met (e.g., implementation mechanisms) and 

measured (e.g., success criteria) will vary based on their vulnerability, specific context, and location in 

the value chain.  Mining value chain actors should include a broad range of stakeholders when pursuing 

a just transition (e.g., workers, communities, local suppliers and SMMEs, government, labor, civil 

society). This means going beyond directly impacted workers and communities, and includes all 

vulnerable stakeholders who may be affected, directly and indirectly, by the net zero transition and 

increasing demand for copper and nickel.cxiii At-risk stakeholders include workers, and community 

members, suppliers, and distributors at a local, national and global level.  
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Strategic benefits of delivering a just transition 
A just transition has multiple strategic benefits for mining value chain actors:   

• Act as a change agent improving regional resilience: Enabling access to basic services and 

supporting food, energy and water security helps improve stakeholder and regional resilience.  

• Improved productivity: Healthier and safer workers and communities have reduced 

absenteeism and improved morale that enhances productivity within the business and the local 

value chain.  

• Enhanced social license to operate: A just transition strengthens relationships with workers, 

communities, labor, and government, and assists in securing a company’s social license to 

operate. 

• Improved public perception and reputation: Growing consumer preferences for sustainable, 

equitable and transparent goods and services means that delivering a just transition improves 

company reputation, its bottom-line and its ability to attract and retain talent.  

• Avoid legal burdens: Positively contributing to environmental and social outcomes for a just 

transition avoids legal (e.g., human rights violations) and social (e.g., protests) burdens and 

costs. 

• Contribute to the SDGs: Pursuing a just transition delivers positive outcomes across many 

SDGs. 

• For host governments, a just transition is critical for addressing sustainable development 

challenges, such as inequality, poverty, and unemployment. Host nations cannot afford for the 

net zero transition, or the expansion of copper and nickel mining value chains, to perpetuate 

existing socio-economic challenges. A just transition is a key driver for ensuring the net zero 

transition and expanding copper and nickel mining value chains, contribute positively to the 

SDGs. 

4.2. Enabling a just transition across copper and nickel value chains 

“Managing the downside risks that accompany energy transition metal (ETM) extraction sits at the core of 

a just transition - a transition designed to address climate change while respecting the rights of workers 

and communities and protecting the environment”.cxiv 

Delivering a just transition for ETMs requires clarity on the threats and opportunities that will result from: 

1. The GET and increasing demand for and production of copper and nickel.  

2. Transitioning copper and nickel mining value chains to net zero emissions.cxv  

Effective, good governance that strives for additionality is needed to ensure a just transition where net-

positive co-benefits and opportunities are maximized, and threats are minimized. 

4.2.1. Assessing threats to a just transition 

Just transition threats are environmental and socio-economic outcomes that negatively affect people’s 

livelihoods, health, well-being, autonomy, and resilience. These outcomes stem from 

transition/decarbonization risks, and ESG risks. Within the broad scope of a just transition, threats can 

take many forms and impact various stakeholders in different ways and scales. Increasing demand for 

and supply of copper and nickel exacerbates existing ESG risks across value chains.cxvi Such risks are 

often interconnected and interventions to address them should also be interconnected (e.g., reskilling 

workers should include women and youth from different socio-economic backgrounds). If not governed 
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well, ESG risks would lead to environmental and socio-economic impacts on workers and communities, 

negatively affecting their livelihoods, health, well-being, autonomy, and resilience. Negative 

environmental and socio-economic outcomes prevent a just transition to net zero copper and nickel 

mining value chains and global economy.cxvii Applying a just transition lens to net zero transition and 

ESG risks can help to better understand how these might impact different stakeholders and threaten a 

just transition.27 

Good governance28 is essential for achieving environmental and socio-economic benefits whilst 

minimizing negative impacts from mining value chains; and thus is an important success factor for 

delivering a just transition.cxviii Companies that do not implement good governance generally perform 

poorly against ESG metrics. Poor ESG performance increases the likelihood & severity of negative 

environmental and socio-economic impactscxix on stakeholders’ livelihoods, health, well-being, and 

resilience. 

Environmental risks associated with mining value chain activitiescxx can negatively impact ecosystem 

services from which workers, communities and regions derive benefit. Ecosystem servicescxxi are 

benefits that people obtain from a healthy, functioning natural environment and are critical for 

livelihoods, human health, well-being, and resilience. They are divided into four categories: provisioning 

services (e.g., water, food, drugs, and genetic resources); regulating services (e.g., flood attenuation, 

climate regulation, pest control and pollination); supporting services (e.g., primary production, nutrient 

cycling, including the carbon cycle) and cultural services (e.g., recreational, spiritual and cultural 

benefits). When mining activities impact ecosystem service (e.g., water pollution) they have negative 

implications for livelihoods, human health, well-being, and resilience, with a disproportional impact on at-

risk stakeholders. In addition, biophysical impacts from climate change, such as, droughts, floods, fires, 

extreme temperatures also present a threat to livelihoods, human health, well-being, and resilience.  

Box 11: Wastewater from copper mining threatens water security and a just transition 
A copper mine in Basse Kando in the DRC discharged wastewater into a local river, polluting the river and making it 

unfit for use by local communities. This negatively impacted access to water and water-dependent activities, 

including drinking, washing, and irrigating farmlands.cxxii 

Social risks from mining value chains can cause negative socio-economic impacts and threaten a just 

transition.cxxiii They can manifest as direct or indirect impacts affecting workers and communities. Direct 

impacts result from internal, company-level social risks,cxxiv such as retrenchment of workers; unsafe 

working conditions, long hours, and low pay; forced resettlement of local communities, amongst others. 

Indirect socio-economic impacts stem from social risks that are not within a company’s direct 

controlcxxv such as an increased spread of communicable diseases from an influx of people to mining 

regions/communities.   

 

27 While this chapter specifically focuses on just transition, the Roadmap, in its entirety, must be understood and implemented 
within a just transition context.  
28 Governance refers to company-level governance and is differentiated from policy and regulation. It includes aspects related to a 
company’s governing purpose, accountability of governing body, transparent disclosures, internal policies, risk management 
systems etc. 
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Box 12: Livelihood impacts from community resettlement 
The establishment of the Sentinel copper mine in Zambia required the resettlement of around 4000 people, most of 

who were subsistence farmers and beekeepers. Despite providing resettlement support, such as new housing, 

subsistence farmers had limited access to markets because the resettlement area was located far from a main 

road or market. Resettlement negatively impacted their livelihoodcxxvi. 

Decarbonizing copper and nickel mining value chains to achieve net zero could cause negative 

environmental and socio-economic outcomes which threaten a just transition.cxxvii Automation and 

digitization interventions present a threat to lower-skilled labor, while deployment of renewable energy 

infrastructure, if not managed responsibly, can increase land-use change with potential negative 

outcomes on local ecosystems and communities.cxxviii Carbon offset projects can have negative, 

unintended environmental and socio-economic impacts, such as maladaptationcxxix or the perpetuation 

of existing inequalities. In addition, the scale and urgency of the net zero transition is, itself, a threat. 

Value chain actors could prioritize emissions reductions at the expense of a just transition. Unintended 

impacts associated with the deployment of low-carbon technologies and carbon offset projects also 

present threats to a just transition, if not managed responsibly.  

If mining value chains fail to deliver net zero emissions, they will face increasing transition risks that 

threaten a just transition. Failure by one or more companies in the value chain to achieve net zero 

emissions will cause harm to the entire mining value chain, such as: (i) market risks (e.g., changing 

consumer preferences, mineral substitution); (ii) policy, regulatory and legal risks (e.g., carbon pricing 

policies, mandatory ESG regulations); (iii) finance risks (e.g., limited access to capital at acceptable 

cost), and (iv) reputational risks.cxxx Transition risks can lead to reductions in competitiveness, revenue 

and market share, which reduces a company’s ability to fund good governance of just transition threat.  

Box 13: Supporting small-scale and artisanal miners 
Interventions necessary to achieve Net zero emissions in a just and inclusive manner might not be available to 

small-scale and artisanal miners. Some regulations could pose an economic burden that could leave out of the 

market. For example, certification and compliance costs are relatively higher for small-scale miners, placing a 

greater administrative and economic burden on them. While these miners may have smaller environmental and 

social impacts, they might not necessarily have the resources to establish good governance mechanisms to 

manage them. Further, the collective impact of unabated impacts from small-scale miners could outweigh impacts 

from larger companies. Therefore, larger multi-national mining value chain actors, in collaboration with industry 

associates (e.g., ICMM, ICA, NI), should support small-scale and artisanal miners implement a just transition to 

more sustainable mining. This could be done in the same way companies might engage with and support their own 

local suppliers and SMMEs.cxxxi 

Just transition threats at a company-level (e.g., for workers) and value chain-level (e.g., for communities) 

coalesce as national or global unemployment, inequality, and poverty challenges.cxxxii 

4.2.2. Opportunities for delivering a just transition for all stakeholders 

Adoption of governance best-practice (Box 14) is an impactful first step to manage environmental and 

socio-economic risks that threaten a just transition. Significant effort is required across both copper and 

nickel mining value chains to improve ESG performancecxxxiii, minimize environmental and socio-

economic impacts, and, at a minimum, to ensure a just transition “leaves no one behind”. Mining value 

chain actors should adopt best practice guidelines and standards for good governance to efficiently 

manage common risks (e.g., diversity, accountability of governing bodies; ethical business practices; 
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transparent public disclosures.). Adopting such best practice helps mitigate ESG risks and minimizes 

negative environmental and socio-economic impacts.  

Box 14: Best practice frameworks and guidelines 
While there is a significant body of best practice guidelines, standards and frameworks, the following is a selection 

that can best support a just transition: United Nations Guiding Principles on Business and Human Rights (UNGP); 

OECD Due Diligence Guidance for Responsible Supply Chains of Minerals frameworkscxxxiv; ICMM’s mining 

principles; Copper Mark;  IFC’s Performance Standards; RMF’s Responsible Mining Index; ILO’s Guidelines for a just 

transition; and the Responsible Minerals Initiative’s Risk Readiness Assessment.   

Ambitious governance striving for "additionality”cxxxv is an enabler of a wide, impactful just transition. 

Mitigating ESG risks aligns to the requirements of sustainable environmental taxonomiescxxxvi for “do no 

harm” and “leave no one behind” outcomes but this would deliver the narrowest of just transitions. 

Mining value chain actors are encouraged to increase their ambition and strive for additional, net-

positive environmental and socio-economic outcomes that align with social taxonomy requirementscxxxvii 

and deliver an ambitious just transition that “uplifts lives and livelihoods”. Like environmental 

taxonomies, social taxonomies will guide ESG and investment decision-making by financiers in the 

future. Aligning to the requirements of social taxonomies will secure access to finance and reduce the 

cost of capital. However, unlike environmental taxonomies (which are based on a minimum requirement 

of “don no harm”), social taxonomies are likely to require additionality in the socio-economic benefits 

companies provide. 

Just transition principles 
Six just transition principles underpin governance for ambition and additionality (Table 9). They enshrine 

best practice from leading thinkers and expand on the principles from the International Labour 

Organisation, Grantham Research Institute on Climate Change and the Environment and Centre for 

Climate Change Economics, Just Transition Centre and The B Team, Shareholders for Change, and The 

Council for Inclusive Capitalism. 
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Table 9: Just transition principlescxxxviii 
Just transition principle Description 

1. Governance for 
additionality 

• Ambitious governance, striving for "additionality”, is an essential enabler for a broad and impactful just transition to net zero mining value chains. Governance 
for additionality is more than just avoiding risks. It provides mining value chains and their stakeholders with additional, net-positive co-benefits and 
opportunities that improve livelihoods, human health, well-being, autonomy, and resilience, thereby enabling a just transition. 

2. Ensure social dialogue & 
participation by all 
stakeholders 

• Create opportunities for inclusive and participatory social dialog with stakeholders to better understand their vulnerabilities and needs for a just transition. 

• Ensure inclusive, participatory, and stakeholder-centered transition planning & decision-making, so that stakeholders are active participants in defining how 
net zero mining contributes positively to their livelihoods, well-being, resilience, and autonomy. 

• Promote multi-stakeholder collaboration & transparency. 

• Engage in national and international policy processes for fostering an enabling environment that is supportive of a just transition.  

3. Uphold human rights & 
enable decent 
livelihoods 

• Respect, protect and promote human rights, particularly the right to decent work and fair pay. 

• Support the participation and inclusion of communities and marginalized groups in economic activities. 

• Support sustainable livelihoods through local economic development, inclusion, and equal access to opportunities.  

• Avoid and remediate environmental degradation to support community livelihoods dependent on local ecosystem services. 

4. Support workers’ & 
communities’ evolution 
and regional resilience 

• Support worker and community evolution and resilience by providing necessary and accessible education, training, and reskilling opportunities. 

• Provide the necessary support to local suppliers so that the regional supplier ecosystem can evolve with the transition. 

• Provide climate change adaptation solutions for workers and communities, particularly for historically marginalized groups. 

• prioritize retention, retraining and redeployment of workers. Retrench as a last resort and provide necessary support to minimize its impacts.  

• Support small-scale and artisanal miners with their own just transition. 

5. Champion sustainable 
development to address 
existing inequalities 

• Contribute positively to sustainable development and the reduction of inequality, poverty, and unemployment challenges in host countries. 

• Decouple environmental and socio-economic risks from business growth and expansion.  

• Promote diversity, economic inclusion, and equal access to opportunities, particularly for marginalized groups (e.g., women, black and indigenous 
communities)  

• Identify existing inequalities at an asset level and adapt procurement policies and operational procedures to support the reduction of those inequalities 
through local procurement and supplier support (e.g., prioritizing the employment of or skills development for women).  

• Enable equitable access to basic services, such as food, energy and water security, access to healthcare, education, and cultural/recreational activities, 
through multi-stakeholder collaboration (informed by inclusive stakeholder engagement).   

6. Avoid & clean up 
environmental damage 

• Avoid and mitigate negative environmental impacts from the expansion of ETM mining and decarbonization of mining value chains  

• Ensure a healthy and sustainable environment contributes positively to stakeholders’ livelihoods, health, well-being, and resilience.  

• Ensure effective and inclusive mine rehabilitation that restores environmental health, provides carbon and biodiversity offset opportunities, and enables 
sustainable livelihoods post-mine closure.  

 

 



 

64 

Just transition interventions 
Various cross-cutting interventionscxxxix are available to the mining value chain to mitigate threats and 

enable the provision of net-positive, additional environmental and socio-economic outcomes for a just 

transition, these include:   

• Financing a just transition: Mining value chain actors can access sustainable finance 

instruments that are designed to fund just transition interventions. These include social loans or 

bonds, and sustainability-linked loans or bonds, which are linked to social key performance 

indicators and targets (refer to Chapter 5: Sustainable finance for a just transition to net zero 

mining for more information on different sustainable finance instruments).  

Box 15: Anglo American secures sustainability-linked loan for social development  
Anglo American secured a US$100 million, 10-year sustainability-linked loan with the International Finance 

Corporation (IFC) for delivering their Sustainable Mining Plan. The loan is IFC’s first in the mining sector and is 

understood to be the first in the mining sector, globally, that focuses exclusively on social development indicators. 

The specific KPIs and targets of the loan agreement are aimed at supporting community development, including the 

creation of jobs, and improving the quality of education for more than 73 000 students in Anglo’s mining regions in 

South Africa. These are critical interventions for supporting a just transition in South Africacxl.  

• Inclusive stakeholder engagement: Inclusive and participatory stakeholder engagement 

processes (e.g., grievance mechanisms; environmental and social impacts assessments; the 

right to prior and informed consent) magnifies the benefits of a just transition.cxli It informs 

mining value chain actors of stakeholder needs and requirements, helping companies to avoid 

threats and capitalize on opportunities (e.g., co-developing carbon offset projects that address 

specific community needs). Inclusive participatory processes empower stakeholders, providing 

them with autonomy and inclusion in planning and decision-making processes. The aim should 

be to encourage “active and inclusive participation” by stakeholders. Such participation 

encourages stakeholders to buy-in to the project, reducing the risk of community opposition.  

• Stronger ESG reporting:cxlii Companies are encouraged to continuously monitor, report, and 

disclose ESG data at an assets level, rather than aggregate data at a company level (e.g., the 

RMF Responsible Mining Index has specific mine site ESG metrics and reportscxliii). Companies 

should also identify pre-existing environmental and socio-economic challenges in mining 

regions to develop a baseline against which reported ESG data, and progress against just 

transition principles, can be compared. This is important for appraising how different ESG risks 

translate into just transition threats for workers and communities in different countries, 

environments, and contexts. Integrating a strong, holistic, decentralized ESG framework, with an 

emphasis on negative impacts that might threaten a just transition for at-risk stakeholders, will 

enable best practice governance of just transition threats and opportunities.  

• Multi-stakeholder collaboration: Delivering a just transition is beyond the capability of one 

company.cxliv It is a shared responsibility between all stakeholders. Multi-stakeholder 

collaboration between national and local governments; local communities; labor, civil society, 

and the private sector is needed. Addressing reskilling needs, for example, requires localized 

support from mining value chain actors under the umbrella of broader, supportive public policy 

is critical.  

• Public-private Partnerships: cxlv Public-private partnerships (PPPs) will also be important for 

delivering net-positive benefits to stakeholders for a just transition (Box 16). For example, 
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miners are encouraged to collaborate with local governments through PPPs to deploy sufficient 

renewable energy capacity to provide their operations, their workers, and the local community 

with affordable clean energy. This enables net-positive environmental and socio-economic 

outcomes by improving energy access and security, increases livelihood opportunities, and 

improves human health, well-being, and resilience. Integrating renewable energy ownership 

opportunities for local communities in post-closure livelihood plans would further contribute to a 

just transition. Climate change adaptation infrastructure (e.g., rainwater tanks, ecological 

infrastructure such as wetlands) is another key opportunity for PPPs to enable a just transition 

by enhancing communities’ resilience to climate change. This is where the concept of 

governance for additionality addresses environmental and socio-economic impacts and 

maximize co-benefits to ensure net-positive, additional outcomes, and enables a just transition 

to net zero mining and global economy. 

Box 16: Anglo American’s renewable regional ecosystem in southern Africacxlvi 
Anglo American have outlined plans to collaborate with partner governments, utility providers and communities in 

South Africa for the development of a regional renewable energy ecosystem. The initiative involves the construction 

of on-site PV plants and off-site wind farms to reduce Anglo’s Scope 2 emissions and a foundation for producing 

green hydrogen. In addition, the initiative is expected to increase grid capacity and enhance grid stability (2.7–4.4 

GW of green energy in South Africa alone), which support inclusive energy access as part of a just transition more 

broadly. 

• Skills and job gap assessments:  Skills and job gap assessments identify skills and jobs that are 

at risk from the transition to net zero emissions or the deployment of new technologies (e.g., 

automation and digitization). Skills gap assessments inform worker resilience plans, which 

should aim to support employees, contract workers and communities through the net zero 

transition. Support could include retaining, upskilling, and redeploying employees, and contract 

workers. Businesses and national governments should work together on such assessment (e.g., 

South Africa conducted employment vulnerability assessments and sector jobs resilience plans 

and is in the process of developing just transition-focused public policy, while the European 

Union have established a €17.5 billion Just Transition Fund to support members statescxlvii).  

• Education and training programs: Prepare workers and local communities for post-mine closure 

life to strengthen their autonomy and resilience (e.g., collaborating with local governments to 

support soft skills; health awareness; technical skills and entrepreneurial skills for children and 

adults). This could also include support to enhance the national skills base in host countries to 

foster a diverse future skills pipeline (e.g., collaborating with national and local governments to 

strengthen Science, Technology, Engineering and Mathematics (STEM) education at school and 

college level, and providing scholarships, internships, vacation training and graduate 

trainingcxlviii). 
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Box 17: De Beers’ Accelerating Women Owned Micro-Enterprises (AWOME)cxlix 
In 2017, De Beers launched the Accelerating Women Owned Micro-Enterprises (AWOME) program - a partnership 

with UN Women and local governments that aims to support women micro-entrepreneurs build their businesses, 

create more jobs, and generate a more secure income. The program provides mentoring, network, business, and life 

skills training, which in turn, creates new jobs, regular wages, and a wider range of businesses to help local 

communities to thrive. A holistic model is employed, upskilling, and equipping local trainers to ensure the initiative 

will endure long into the future.  

In the Limpopo province of South Africa – a region with significant transition risk – the program supported a small-

scale, subsistence farmer grow her business. The thriving enterprise now supplies vegetable to several markets, 

contributing to food security for the local village. 

• Governance for a just transition: Embed the six just transition principles into employment and 

procurement policies, and into carbon offset, mine rehabilitation and post-closure plans. 

Develop and implement fair and equitable employment policies for company employees and 

contractors that aim to address existing employment inequalities for women, youth, unskilled 

workers, and at-risk stakeholders. This includes avoiding an over-reliance on imported skilled 

labor or cheap migrant labor, while also providing the necessary benefits and support for 

vulnerable stakeholders (e.g., skills development; access to healthcare).  

Procurement policies are another key intervention for enabling a just transition across mining 

value chains and communities. Prioritizing local procurement can support economic 

development; re-industrialization; job creation; skills development and tax revenues in host 

countries. Identifying local community procurement opportunities at an asset level can support 

direct and indirect job creation; livelihoods, and gender and youth employment within local 

communities. 

Carbon offset, mine rehabilitation and post-closure plans also provide opportunities for 

contributing to a just transition. Clearly defining just transition requirements for site-specific 

contexts will help ensure carbon offset and mine closure plans address site-specific just 

transition threats and provide relevant opportunities for workers, local communities, and other 

stakeholders (Box 18). Just transition requirements for these different plans must be informed 

by inclusive and participatory stakeholder engagement and consider climate change adaptation 

requirements as well.  

Box 18: Just transition opportunities in mine closure and carbon offsetting 
Mine closure and purposeful carbon offsetting projects present a huge opportunity to address several 

environmental and socio-economic impacts from mining value chain activities and provide additional net-positive 

environmental and socio-economic outcomes for workers and communities. Using mine rehabilitation projects as 

nature-based carbon in-setting projects (e.g., using dry stack tailings from nickel production to neutralize soil acidity 

and sequester carbon, in addition to reforestation with indigenous species) can simultaneously address ecosystem 

degradation, biodiversity and GHG emissions impacts, while enabling successful post-closure livelihood plans and 

climate resilience (e.g., it improves environmental health to better support climate smart agriculture or eco-tourism 

opportunities). Any excess carbon credits from the in-setting project can be sold and revenues used to help finance 

post-closure livelihood opportunities. However, post-mining land-use must be informed by inclusive and 

participatory stakeholder engagement with workers and local communities.  
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• Adhere to international best-practice:cl Adopting and adhering to international best practice will 

support companies through this challenging transition to net zero emissions, and help them 

contribute to a just transition for workers and communities. While there is a significant amount 

of best practice guidelines, standards and frameworks, the following lists a selection that might 

best enable a just transition: the United Nations Guiding Principles on Business and Human 

Rights (UNGP); the 10 Principles of the UN Global Compact; the SDGs; the OECD Due Diligence 

Guidance for Responsible Supply Chains of Minerals frameworks; the ICMM’s mining principles; 

the Copper Mark;  the IFC’s Performance Standards; RMF’s Responsible Mining Index; the ILO’s 

Guidelines for a just transition; and the Responsible Minerals Initiative’s Risk Readiness 

Assessment, amongst others.  

4.3. Skills and job gap assessment for supporting copper and nickel 
mining value chain workers 

Future skills and job requirements for net zero mining value chains will cause employment risks and 

opportunities that need to be managed closely to ensure a just transition. An assessment of the skills 

and jobs gaps that arise through the future deployment of low-carbon technology interventions across 

net zero mining value chains was undertaken to inform future employment risks and opportunities.  

The skills and job gap assessment highlighted:  

• There will be changing employment dynamics between fossil fuel and low-carbon sectors (e.g., 

renewable energy and ETMs sectors). The introduction of low-carbon technology interventions 

will replace or reduce the use of traditional fossil fuels, such as diesel, coal, and coal-powered 

electricity. These changes will have negative employment impacts across fossil fuel value 

chains, but such impacts will likely be offset by employment opportunities in expanding 

renewable energy value chains. Although impacts on workers and communities may be unevenly 

distributedcli. Skills of the fossil fuel sector are often transferable to ETMs sector (e.g., coal 

miners or engineers often have the relevant skills and expertise to work at a copper or nickel 

mine).   

• New occupations and skills requirements will arise from the adoption of low-carbon technology 

interventions. The workforce will require some form of training and upskilling to be able to 

operate or work in a net zero mine (e.g., training to operate new machinery, battery electric 

vehicles, remote-controlled drones). New opportunities will require more advanced skills and 

education. Some of the base skills that will be required already exist in the mining value chain, 

however, the wider workforce will require upskilling. Some specialist skills will have to be 

sourced from other sectors outside the mining value chain, such as big data specialists, 

programmers, and artificial intelligence technicians. 

• Occupations with higher expertise and skill are at lower risk of job loss as they hold skills that 

are adaptable and transferable.clii Engineering and technical personnel have the most adaptable 

and transferable skills but will require upskilling and retraining to work on new technologies.  

• Occupations with lower expertise and skills are at a higher risk of job loss from automation or 

being replaced by cleaner and more efficient processes.cliii Operating some low-carbon 

technologies will require skills that already exist in the workplace, while others will require new 

skills. Most low-carbon technology interventions will lead to changes in skills requirements for 

certain jobs associated with fossil fuel-based technologies along the mining value chain but are 

unlikely to cause major job losses with appropriate training and reskilling. For example, a diesel 
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truck driver might be replaced by an autonomous truck. There may be opportunities for drivers 

to monitor rather than drive autonomous trucks, but this will need to be assessed on a case-by-

case basis.  

• With careful planning and robust training and skills development programs, the adoption of low-

carbon technology interventions can have a positive impact on jobs and skills in the mine value 

chain. 

Figure 26 provides examples of potential skills impact for current job roles at a mine site and shows 

how these roles may evolve over time. The reality will be far more complex and will be different 

depending on specific contexts in different countries, regions, companies, and mines.  

 
Figure 26: Examples of potential skills evolution in the Net zero transition of the mining sector 

Deploying low-carbon technology interventions for minimizing GHG emissions at the mine value chain 

will require careful planning to manage negative impacts on the workforce. A just transition should 

minimize redundancies and maximize redeployment of workers.cliv Negative impacts on the workforce 

can be minimized by anticipating changes in jobs before they occur.  This can be done through a skills 

and jobs gap assessments. Training and reskilling should be prioritized for affected workers. Where 

training and reskilling is not possible, employers should consider redeploying workers to other work 

areas where their skills can be utilized before considering retrenchment.  

Training and upskilling should be about identifying skills, knowledge and experience that will be most 

valuable for the new and transformed occupations in future net zero mines. Skills development 

programs should be informed by skills gap assessments and inclusive dialog with workers, labor unions, 

community representatives and other employers across the mining value chain. Collaboration with local 

governments is also important for supporting and informing training and skill development programsclv 

(Box 19).   
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Box 19: The impact of automation and digitization in Pilbara, Australiaclvi 
Since 2019, Pilbara hosts 75% of the automated vehicle fleets in operation globally. While the deployment of 

Autonomous Haulage Systems (AHS) improved productivity and improved mine-site safety, it also led to a drastic 

reduction in the number of truck drivers. The AHS system only requires two field staff per shift (with an additional 

cross crews' role). The technology needs employees to give direction to the machines, and manage and oversee 

operations, which means that higher-skilled jobs are required. Although job opportunities are still available, the new 

skills requirements lead to the exclusion of Indigenous workers who did not have the necessary skill set to support 

the AHS. In addition, the lack of alternative employment and economic opportunities locked local community 

members into unsustainable careers and poor-quality jobs. To address the skills gap, mining value chain actors in 

the region are working with the government to invest in reskilling and retraining programs for their workers and local 

community. The technical and further education (TAFE) institutions in Pilbara are stepping up efforts to address the 

country’s growing digital skills gap through new training programs focused on areas such as mechatronics, robotics 

and data analytics. However, the objective is not to only invest in skills needed for the mining sector but also high 

quality and transferable skills relevant for other industries. Launched in June 2019, collaborations led to the first 

nationally recognized course in automation in Australia. 

To ensure that appropriate planning and skills development programs are implemented, mining value 

chain actors can follow the high-level skills and job gap assessment presented in Table 10. This will 

support a just transition of the workers across the value chain.  

Table 10: Skills and job gap assessment framework 
Criteria Description 

1. Anticipate changes 
in skills and jobs for a 
net zero mine 

• Review your organization’s climate change and net zero strategies for jobs and 
skills impacts. 

• Assess what skills, expertise and knowledge will be needed to implement the 
organization’s climate change and net zero strategies at a corporate and mine site 
level, including understanding of local specificities. 

• Consider changes in operations, production processes and adoption of new 
technologies. 

• Map the future of your organization in terms of technology adoption and processes 
improvement. 

2. Assess current and 
future skills 
requirements 

• Conduct a net zero jobs and skills gap analysis based on the organization’s 
prioritized low-carbon interventions. 

• The net zero jobs and skills gap analysis should: 
o Map out current job roles and existing skills in the organization 
o Investigate what potential future jobs and skills will be required for the 

implementation of the organization prioritized low-carbon interventions 
o Identify skills which will become redundant due to changes in technology 

and production processes  
o Identify skills that are transferrable 
o Identify roles that will need retraining and upskilling  
o Identify training needs 

3. Develop a net zero 
jobs and skills 
strategy 

• Develop a net zero jobs and skills strategy as part of the organization’s existing jobs 
and skills strategy.  

• The net zero jobs and skills strategy should cover: 
o Consideration for decent work 
o Considerations for an inclusive and transparent process 
o Mechanism for engagement and consultation with workers and other 

stakeholders 
o Training and development plans including considerations for retraining and 

upskilling workforce that have higher risk of job loss 
o Sourcing and training of local workforce 
o Local skills and development programs 
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4.4. A just transition strategy toolkit 

Copper and nickel mining value chain actors can use the just transition strategy toolkit (Table 11) to 

support the operationalization of a just transition at an organization level and guide the development of 

their own just transition strategy.  

Table 11: A just transition toolkit for copper and nickel mining value chain actors  
A strategy toolkit for a just transition to net zero mining value chains 
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1. Adopt just transition 
principles 

Just transition principles should be integrated into company strategies:  

1. Adopt governance for additionality principle 

2. Promote social inclusion, dialogue & participation in planning & decision-
making processes 

3. Uphold human rights & decent livelihoods 

4. Support workers, wider communities & regional resilience building 

5. Champion sustainable development and address existing inequalities 

6. Avoid & clean up environmental damage 

2. Identify and engage with 
relevant stakeholders 

• Identify relevant stakeholders, with specific attention to at-risk groups.  

• Create opportunities for inclusive & participatory engagement with 
stakeholders in transition planning & decision-making processes. This will 
inform processes and ensure that stakeholders are active participants in 
defining the vision, threat, and opportunities of a just transition. 

3. Conduct environment 
and social impacts 
assessments, and skills 
and job gap assessments 
to identify just transition 
threats and opportunities 

• Identify and assess risks and opportunities from the Net zero transition 
for different stakeholder groups previously identified. Take account of the 
wide range of threats that might stem from existing ESG-related risks. 

• Understand existing environmental and socio-economic contexts at 
different operating sites, regions, and host countries. This will provide a 
baseline against which progress can be assessed.  

4. Define the just 
transition requirements for 
different stakeholders 

• Define risk mitigations and ensure additional, net-positive outcomes for 
different stakeholders. This should be informed by inclusive and 
participatory stakeholder engagement.  

• Monitor and evaluate progress against predefined just transition 
requirements. 

5. Develop a just transition 
strategy and decentralized 
implementation plans 

• Develop an overarching, company-level just transition strategy to guide 
and inform decentralized, site-level implementation, and regional impact.  

• The just transition strategy is an integral part of the organization Net zero 
strategy. Decentralized just transition implementation plans should inform 
other site-level plans, such as ESG plans, decentralized carbon offset 
plans, mine rehabilitation and post-closure livelihood plans.  

• Collaborate with local and regional government to facilitate stakeholder 
engagement and implement just transition strategies and plans.  
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5. SUSTAINABLE FINANCE FOR ENABLING A 
JUST TRANSITION TO NET ZERO COPPER 
AND NICKEL 

Achieving a just transition to net zero mining will be costly but mining value chain actors can use 

sustainable finance to help kick-start their transition. An estimated US$3 trillion of investment will be 

required annually between 2020 and 2030 to transition the global economy.clvii Much of this investment 

will need to be channeled into energy efficiency and renewable energy technologies, electricity grid 

expansion, and electrifying heating and transport systems. The mining value chain is well positioned to 

take advantage of these sustainable investment opportunities. Research suggests that metals and 

mining value chain actors can generate a return on investment of 17%, which is above the weighted 

average expected return of 12% across other sectors (e.g., transport).clviii 

To meet growing demand whilst delivering net zero emissions, value chain actors are encouraged to 

increase their investment in RD&D and target capital expenditure on the net zero transition. Sustainable 

finance can provide a useful source of funding for both. Research indicates that metals and mining 

value chain actors are investing less than 40% of their cash flows into RD&D and capital expenditure for 

the transition, which is below the weighted average of 50% found in other sectors (e.g., chemicals, 

communications, construction sectors). Yet value chain actors stand to earn 17% back on such 

investments. By allocating more cash flows and leveraging its balance sheets, the global metal and 

mining industry is estimated to have more than US$200 billion of capital annually that could be targeted 

at sustainable investments.clix Given this low investment rate and rising commodity prices, the metals 

and mining industry will face growing pressure to increase its investment in net zero mining value 

chains that also deliver a just transition.  

The following provides a review of the rapidly expanding sustainable finance sector, including the 

drivers, benefits, and challenges of securing sustainable finance. It provides a deep dive into the most 

suitable sustainable finance instruments (e.g., green loans and bonds) for funding the deployment of 

low-carbon technology interventions, including the norms, standards, and requirements for accessing 

different instruments.  

5.1. The sustainable finance opportunity for net zero mining 

Sustainable finance is a useful investment tool that can support a just transition to net zero mining value 

chains, alleviate investment and capital expansion challenges, and provide rigorous independent 

assurance of climate actions taken. Sustainable finance is an alternative and potentially cheaper source 

of debt, asset, or project-linked financing (e.g., deployment of low-carbon technology, just transition 

interventions). Sustainable finance can support a more disciplined approach to capital and investment 

planning and reduce the weighted average cost of capital and project risks (e.g., projects funded 

through sustainable finance instruments ought to be more environmentally and socially sustainable 

reducing physical and transition risk). In the current market environment, where rising commodity prices 

are set to accelerate investments, sustainable finance can be used to steer a path to net zero mining, 

and signal delivery of sustainable, just transition.  
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5.1.1. What is sustainable finance?  

Sustainable finance broadly refers to any investment or financial instrument that is used to fund 

sustainable development initiatives, be they environmental or social. In its most mainstreamed form, it 

refers to the funding of investments that integrate ESG criteria into risk management and investment 

decision-making. In other forms, it also integrates “impacts” with the aim of having net-positive 

environmental and socio-economic outcomes.  

For the purposes of this document, the preferred definition is that provided by the South African National 

Treasury.clx It defines sustainable finance as encompassing “financial models, services, products, 

markets, and ethical practices to deliver resilience and long-term value in each of the economic, 

environmental, and social aspects and thereby contributing to the delivery of the sustainable development 

goals and climate resilience. It is achieved when the financial sector: 

• Evaluates portfolio as well as transaction-level environmental and social risk exposure and 

opportunities, using science-based methodologies and best practice norms;  

• Links these to products, activities and capital allocations;  

• Maximizes opportunities to mitigate risk and achieve benefits in each of the social and 

environmental and economic aspects; and 

• Contributes to the delivery of the sustainable development goals.” 

Sustainable finance can also be categorized into green, transition and just transition finance, depending 

on the scope and activities of investments:clxi  

• Green finance has a narrower focus on environmental sustainability and includes climate 

finance (finance for climate change mitigation and adaptation), blue finance (finance for marine 

ecosystems) and conservation finance (finance for conservation and biodiversity, such as 

wildlife bonds).  

• Transition finance is somewhat more ambiguous in that it provides funding to support 

unsustainable (e.g., carbon-intensive) companies implement changes to become relatively more 

sustainable (e.g., reduce GHG emissions). The activity being funded may not be considered 

green or sustainable in and of itself, but it is relatively more sustainable than the business-as-

usual activity or scenario. Transition finance can, there, be understood to include all ESG 

aspects that incrementally reduce risk and improve sustainability performance, but which are not 

necessarily considered “fully” sustainable. 

• Just transition finance focuses on social and governance aspects of sustainability to ensure 

cash flows for social benefit (e.g., education, skills development) but can also include 

environmental aspects (e.g., climate change adaptation) given the interlinkages between 

environmental and social sustainability within a just transition (for more information on a just 

transition, please refer to the Executive Summary: “A just transition for mining value chains”. 

For simplicity, these are collectively referred to as “sustainable finance” throughout the Chapter.  

5.1.2. The growing sustainable finance ecosystem 

The sustainable finance ecosystem is rapidly evolving, and mining value chain actors are encouraged to 

act quickly to secure access to sustainable finance opportunities, or risk being left behind. The evolution 

of the sustainable finance ecosystem has seen new: financing instruments, products, and arrangements 

(e.g., green bonds, loans, equity); investment and portfolio evaluation guidance, methodologies and 
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tools (e.g., the Task Force on Climate-Related Financial Disclosures (TCFD), International Capital Market 

Association’s (ICMA) Green Bond Principles); perspectives and expectations of the financial sector, 

including policies and regulations (e.g., sustainable finance taxonomies29). Except for a few examples, 

mining value chain actors have not taken advantage of opportunities that this evolving ecosystem 

presents. Those that are slow to respond to these changes in the finance market risk being left behind.  

Sustainable finance has seen accelerated growth over the last decade, affecting all asset classes and 

sectors of the economy. While sustainable finance is on an upward trend, a lack of standardization and 

associated classification issues has led to different estimates of total investmentsclxii. One estimate 

indicates that sustainable investments increased from ~US$13.3 trillion in 2012 to ~US$35.3 trillion in 

2020.30 Another estimate indicates that sustainability-dedicated investment products (e.g., green, social 

and mixed bonds) increased by 80% from 2019 to a total value of ~US$3.2 trillion in 2020.31 A third 

estimate, looking specifically at sustainable debt issuance (e.g., bonds, loans), indicates a growth from 

~US$15 billion in 2013 to ~US$2.3 trillion in 2021 (Figure 27).clxiii Despite classification challenges, 

sustainable finance is and will continue to grow. What remains underdeveloped is explicit use of 

sustainable finance in mining and other hard-to-abate sectors.  

 
Figure 27: A growing trend in annual sustainable debt issuanceclxiv 

This growing trend has largely been market driven as investors look to mitigate investment portfolio 

risks.clxv There is a growing realization across the financial sector that climate change (and other 

environmental and social sustainability issues) present material risks to investors. These risks include: 

(i) physical risks (e.g., flooding, drought, fires); (ii) transition risks (e.g., carbon tax liability, changing 

consumer preferences), and (iii) liability risks. Better understanding the risks associated with their 

 

29 It is noted that sustainable finance taxonomies are not necessarily policies or regulations in and of themselves but have a direct 
influence on the enabling environment for sustainable finance. 
30 The Global Sustainable Investment Alliance’s (GSIA) estimate is based on broad definition of sustainable finance and provides a 
snapshot of sustainable investments across “Europe, the United States, Japan, Canada, Australia and New Zealand (Australasia) 
based on the regional and national reports from GSIA members or in the case of Europe, from secondary industry data”. They define 
sustainable finance as: “Sustainable investment is an investment approach that considers environmental, social and governance 
(ESG) factors in portfolio selection and management”. 
31 The United Nations Conference on Trade and Development (UNCTAD) estimate appears to be based on a narrower definition of 
sustainable finance, but the exact definition and methodology is unclear.  
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investments allows investors to better manage their own risk exposure and channel financial flows 

towards more sustainable activities with positive real-world outcomes.  

An increasing number of investors and financiers have made sustainability a core criterion in their 

investment decisions.clxvi Financial institutions increasingly incorporating ESG-related risk and 

performance into their credit rating systems, cost structures and investment decision-making. This has 

led to growing demand for measuring and disclosing a company’s (or investment’s) risk exposure and 

sustainability performance to investors and financiers, although the level of scrutiny between 

sustainable finance instruments may differ (e.g., assessment of sustainability performance is more 

rigorous for sustainability-linked instruments compared to ESG or green equity funds/indexes).  

Changing consumer preferences and a growing demand for investment opportunities that generate net-

positive environmental and socio-economic impacts are drivers behind sustainable finance.clxvii 

Consumer preferences are evolving to favor more sustainable products and investment opportunities. 

This is increasing demand for sustainable investments that can generate net-positive environmental and 

socio-economic impacts “on the ground” (e.g., improved climate resilience, reduced poverty). These 

benefits are making sustainable finance opportunities increasingly more attractive for investors and 

financiers. Delivering net-positive outcomes at the grassroots is acknowledge by some as challenging. 

Investors and mining value chain actors will need to manage this carefully to avoid greenwashing and 

reputational risks that could threaten their social license to operate.  

Policy, regulation, and international agreements are driving sustainable finance.clxviii There have been 

some 680 sustainable finance-related policy and regulatory measures across 100 countriesclxix. For 

example, the European Green Deal, the Action Plan on Critical Raw Materials, and the European Green 

Deal Investment Plan, all commit to transition Europe to a low-carbon and sustainable economy, with a 

financial system that supports sustainable growth. COP26 saw the launch of the International 

Sustainability Standards Board (ISSB), an initiative backed by the International Financial Reporting 

Standards (IFRS) and the Sustainable Accounting Standards Board (SASB). Their aim is to develop a 

global baseline for sustainability disclosures for the capital markets, which will continue to drive the 

sustainable finance market.clxx The emergence of sustainable finance taxonomies around the world is 

also driving the sustainable finance market. These taxonomies help companies and investors make 

informed investment decisions and provide market clarity on what constitutes as a sustainable activity 

or investment (Box 20). Increasing pressure from policies, regulations and international agreements, and 

the financial sector more broadly, has also driven the development of responsible mining standards and 

labels (e.g., LME Aluminum ‘green mark’, Copper Mark). 
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Box 20: Sustainable Finance Taxonomies 
A sustainable or green finance taxonomy is a classification tool designed to support investors and companies make 

more sustainable investment decisions. They provide a list of activities across different sectors that are considered 

green or sustainable. Various countries around the world have developed, or are in the process of developing, 

sustainable finance taxonomies (Figure 28). From a mining point of view, taxonomies include criteria on renewable 

energy use, but not for the activity of sustainable mining itself – this is still to be defined. This presents an 

opportunity for mature value chain actors, with sustainable operations, to inform the criteria for sustainable mining 

activities in such taxonomies. When these activities are defined, it will become increasingly important for mining 

value chain actors to meet the minimum requirements set out in these taxonomies to ensure future access to 

finance.  

 
Figure 28: Sustainable finance taxonomies around the world 

To date, most taxonomies have focused on environmentally sustainable actives, particular from a climate point of 

view. There are, however, plans to extend these taxonomies to include other environmental aspects, such as water 

and biodiversity, and develop sustainable social taxonomies and transition taxonomies. Sustainable finance 

taxonomies are important public policy tools and are expected to form the basis of future regulations around 

sustainable finance and the economic activities that taxonomies cover.  

5.1.3. Mapping the sustainable finance ecosystem 

The sustainable finance ecosystem consists of sources, intermediaries, instruments, and products to 

facilitate sustainable mining, including delivery of a just transitionclxxi (Figure 29). Sources and 

intermediaries include Multilateral Development Banks (MDBs) and Development Finance Institutions 

(DFIs; e.g., the World Bank, IFC, GIZ, AFD); Corporate Finance Institutions (CFIs; e.g., commercial banks); 

institutional investors, asset managers and wealth managers; insurance companies and private 

investors (e.g., households, philanthropists, venture capitalists). There are a host of different sustainable 

finance instruments, including debt-based instruments (e.g., bonds, loans); equity products (e.g., public, 

private equity, venture capital); risk sharing instruments (e.g., concessional finance, insurance); grant 

funding; blended finance; alternative instruments (e.g., carbon offsets) and public finance / fiscal 

interventions32 (e.g., carbon taxes, tax incentives). Figure 29 provides a snapshot of the sustainable 

finance ecosystem, mapping different sources, intermediaries, instruments, and end-uses for supporting 

a just transition to net zero mining value chains. While public sector instruments are not the focus of the 

 

32 While public finance / fiscal instruments are noted, they are not the focus of the Roadmap. 
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Roadmap, they are included in Figure 29 to provide broader context of the sustainable finance 

ecosystem. 

 
Figure 29: Mapping sustainable finance sources, intermediaries, instruments, and end-usesclxxii 

Mining value chain actors should engage with sustainable finance providers and start identifying 

opportunities for using different instruments to support their transition to net zero emissions. Figure 30 

identifies sustainable finance providers across different study regions that mining value chain actors 

can engaging. Table 12 provides additional detail on each of these financial institutions  

 
Figure 30: Selection of financial institutions providing sustainable finance across study 

regionsclxxiii 
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Table 12: Identifying financial institutions providing sustainable finance across study regions 
Region Country Name of Entity Type of Entity Description 

S
o

u
th

 A
m

e
ri

c
a

 

Chile 

Bank of Chile Commercial Bank Issued first green bond in Chile from Chilean financial institution only of US$48 mil for energy. 

ENGIE Chile Commercial Bank 
US$125 mil loan for wind farm development with a senior loan from IFC, blended finance, and Chinese 
fund allocation. 

IFC Development Institution Tracking system development for status on green finance indicators in Latin America, including Chile. 

Peru 
BBVA / IFC Commercial Bank / Development  IFC provides a US$60 mil loan to BBVA Peru to finance green buildings and climate change. 

IFC Development Institution Tracking system development for status on green finance indicators in Latin America, including Peru. 

A
s

ia
 

China 

China Development Bank Commercial Bank One of the five principal green finance lenders in China. 

Industrial and Commercial Bank 
of China 

Commercial Bank One of the five principal green finance lenders in China. 

Construction Bank of China Commercial Bank One of the five principal green finance lenders in China. 

Bank of China Commercial Bank One of the five principal green finance lenders in China. 

IFC Development Institution Key Performance Indicator development for sustainability efforts in Chinese banks. 

Russia 

Center-Invest Bank Commercial Bank First Russian Bank to issue Green ETF bonds that conform to local and international standards. 

VEB.RF Russian State Development Institution 
Launched the national green finance system in July 2021, allows Russian companies up to RUB50 bil 
for green projects. 

Societe Generale Commercial Bank First Green loan provider to Polymetal, Russia's second largest gold producing mining entity. 

S
o

u
th

e
a

s
t 

A
s

ia
  Indonesia 

Bank OCBC NISP / IFC Commercial Bank / Development  Joint IDR2.75 tril gender and green bond development, second green bond in 3 years. 

Bank OCBC NISP / IFC Commercial Bank / Development  First Green bond in Indonesia (US$150 mil). 

Asian Development Bank (ADB) Development Institution 
Green financing loan for SDG Indonesia One-Green Finance Facility, the first of its kind program in 
Southeast Asia. 

IFC Development Institution Standardization of Sustainability reporting in the Indonesian banking sector. 

Philippines 

BDO Unibank / IFC Commercial Bank / Development  Issued first green bond in Philippines (US$150 mil) and first in East Asia and the Pacific. 

Bank of the Philippine Islands 
(BPI) 

Commercial Bank 
One of the key Philippine banks investing in green loans and financing in the region, including the SEF 
program, which provides capital and technical support for renewable energy project owners. 

Rizal Commercial Banking 
Corporation (RCBC) 

Commercial Bank One of four Filipino banks to issue green bonds (US$309 mil in 2019 for energy). 

A
fr

ic
a

 

South Africa    

Absa Bank Ltd. Commercial Bank / Development  
Green loan to commercial bank in South Africa to support climate-based financial services and 
business in the country (US$150 mil). 

Development Bank of Southern 
Africa (DBSA) 

Development Institution Responsible for Advisement of government-based Green Fund of R800 mil. 

Zambia Kukula Capital Commercial bank ZMW 1 billion green outcomes fund provides general funding options for green finance improvements. 

Democratic 
Republic of 

Congo 
Green Climate Fund Development institution USD 65.8 million in green finance funding for various projects in the DRC to date. 

 



 

 

5.2. Benefits, requirements, and things to keep in mind when accessing 
sustainable finance 

5.2.1. Benefits from pursuing sustainable finance opportunities 

Mining value chain actors can take advantage of various financial and non-financial benefits from accessing 

and meeting the requirements for sustainable finance, including:clxxiv  

• Diversifying a company’s investment pool and securing access to finance: Value chain actors can 

attract a wider and more diverse pool of investors interested in impact and sustainable investing. 

Downstream actors (e.g., original equipment manufacturers (OEMs)) can also benefit from improved 

access to finance. Because emerging methodologies applied by investors and financiers consider 

value chain impacts33, poor ESG performance in the mining value chain can effectively disqualify 

downstream actors from accessing sustainable finance.  

• Pricing advantages and cheaper cost of capital: The cost structure of sustainable debt instruments 

can be cheaper relative to traditional debt instruments. For example, sustainability-linked bonds or 

loans are linked to the sustainability performance of a company or investment, with either a discount 

for good performance, a penalty for poor performance, or both. For mining value chain actors with 

poor ESG performance, the cost of capital can be between 20% and 25% higher. Good ESG 

performance can help value chain actors secure better terms of insurance and credit ratings. 

Reducing the cost of capital via sustainable finance can overcome capital investment hurdles 

associated with low-carbon technology interventions.  

• Communicating sustainability strategies to the market: Sustainability-linked instruments provide an 

efficient means of communicating a company’s sustainability strategy to the market. These 

instruments require clear articulation of a company’s sustainability direction and targets for key 

performance areas (e.g., GHG emissions, water, biodiversity, health, safety) that the company will 

focus on. It also provides a useful means of communicating the company’s sustainability actions with 

clients who are looking to responsibly source sustainably mined and processed metals.  

• Strengthening internal cooperation on sustainability: meeting the requirements for sustainable 

finance connects ESG, operations and finance functions within a company. It also strengthens internal 

strategy execution and decision-making. For example, sustainability-linked instruments can support 

the integration of ESG considerations in an objective and measurable way into financial strategies, 

with similar decision-making benefits to establishing an internal carbon price (e.g., purchasing more 

sustainable goods and services rather than cheaper, “dirtier” goods and services). 

5.2.2. Requirements for accessing sustainable finance  

To secure access to sustainable finance instruments, mining value chain actors will need to meet the 

following general requirements (noting that different sustainable finance instruments have their own 

specific/unique requirements:  

• Adhere to best practice principles, frameworks, and methodologies for supporting transparency and 

credibility of sustainability disclosures. These include the Copper Mark; the CDP; the TCFD; IFC 

 

33 Such as Partnership for Carbon Accounting Financials (PCAF) which relies on GHG Protocol and does not recognise ‘unavoidable 
emissions’ and finance classifications tools (taxonomies) that consider lifecycle emissions impacts. 
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Performance Standards; the UN SDGs; RMI’s Risk Readiness Assessment and the Global Reporting 

Initiative Standards, amongst others.  

• Have ambitious sustainability and ESG-related strategy: Mining value chain actors need to ensure 

minimum good governance elements are established, including a clear strategic intention to improve 

sustainability performance at a board level, with clear sustainability strategies, actions plans and 

targets to achieve this. Value chain actors should incorporate ESG into their core business strategies 

and transparently report their progress against targets.  

• Monitor and disclose ESG risks and performance: Value chain actors need to provide information 

relating to their climate-related, environmental, and social risks (e.g., disclosing climate risks through 

the TCFD).  Environmental metrics, particularly those monitoring climate change and GHG emissions, 

are the most common indicators of sustainability performance reported by companies and assessed 

by financiers. However, there is growing demand for more diverse metrics relating to water-use, 

biodiversity, waste reduction, social performance (e.g., gender equality, health and safety, human 

rights) and governance (e.g., governing purpose, public disclosures, risk management). Mining value 

chain actors need to remain up to date with upcoming best-practice for sustainability disclosures, 

such as the global baseline for sustainability disclosures for the capital markets currently under 

development by the ISSB.clxxv 

• Ensure net zero transition and broader sustainability plans incorporate distinctive just transition 

objectives. Mining value chain actors will need to accommodate ESG methods that incorporate the 

evaluation of social sustainability opportunities and risks.  

5.2.3. Challenges to keep in mind when accessing sustainable finance 

Sustainable finance is not without its risks and challenges that mining value chain actors should keep in mind. 

These include:clxxvi 

• Greenwashing: There is a risk that sustainability strategies, action plans and targets lack 

transparency, credibility, or ambition. This leads to sourcing sustainable finance to address immaterial 

environmental or social risks leading to greenwashing and reputational harm. Borrowers need to be 

careful of their use of sustainable finance instruments, particularly debt-based instruments, and 

ensure their sustainability strategies address all material ESG risks. For example, using green bond 

use of proceeds to address GHG emissions while ignoring and not disclosing water, biodiversity, and 

social risks - which could be of greater significance - could lead to greenwashing claims, reputational 

damage, and impede access to finance in the future. Similarly with sustainability-linked instruments, 

sustainability performance targets (SBTs) and key performance indicators (KPIs) might be marginal 

impact indicators (e.g., marginal GHG emissions) which cause the borrower to avoid big ticket 

impacts, resulting in greenwashing. In summary, defining ambition is a risk. To overcome this 

challenge, actors should set science-based targets.  

• Inconsistencies of data reporting: Reporting inconsistencies can make it challenging for financial 

institutions to measure company sustainability performance. Companies are encouraged to adhere to 

best-practice methodologies for measuring and reporting sustainability performance data (e.g., TCFD, 

CDP, ICMM’s Social and Economic Reporting Frameworkclxxvii).  

• Administrative burden: Ensuring credible and transparent sustainability performance monitoring and 

reporting, and meeting the requirements of different sustainable finance instruments, has an 

administrative burden (e.g., monitoring and reporting SPTs and KPIs for sustainability-linked 
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instruments). This is particularly challenging for small companies that may not initially have the 

resources to ensure compliance requirements for sustainable finance. Obtaining second party 

verification for accessing sustainable finance instruments is another administrative burden.  

• Achieving and maintaining agreed sustainability performance: A borrower needs to meet minimum 

sustainability requirements to access the benefits of sustainable finance, or be penalized (e.g., higher 

cost of capital) for not meeting specific targets (e.g., sustainability-link instrument KPIs). Achieving 

and maintaining agreed sustainability performance, while expanding copper and nickel production, will 

be a key challenge for mining value chain actors.  

• Commercial structures, size, risk, and timelines: Mobilizing sustainable finance can face challenges 

associated with maturity mismatches between long-term sustainable investments and relatively short-

term time horizons for investors. This is particularly challenging for low-carbon technology providers 

and in developing countries more broadly. Ticket size for different projects can also be a challenge, 

with investors favoring larger price projects, involving established technology with low-risk profiles 

and predictable financial returns. There is a gap for early stage, smaller-scale technology-based 

projects, if assets are not pooled (noting that pooling requires some diversification among assets).  

• Policy, regulatory and best practice gaps: There are many sustainable finance policies, regulations, 

and voluntary standards/principles found across the world, but they are often incomplete, and gaps 

and misalignments exist between them due to the ongoing fast pace of development. For example, 

sustainable finance taxonomies do not yet provide criteria for sustainable mining activities. A 

common set of minimum policies, regulations, and voluntary standards/principles for sustainable 

finance is critical to address these gaps. In response, industry bodies and market forces have 

developed international standards, such as the ICMA’s Green Bond Principles, the Climate Bond 

Initiative’s (CBI) Climate Bond Standards and the launch of the ISSB at COP26. 

• Double counting sustainability performance and outcomes: One such example is the reselling of 

green loans, the process by which bankers bundle green loans into a green bond which is sold to 

another financial institution. This type of arrangement allows both the banker and recipient of the 

bond to claim sustainable outcomes or benefits (e.g., a certain emissions reduction or avoidance) for 

their business, while these double counts the reality (i.e., double counting emissions reductions). 

Agreeing ownership of delivered sustainability outcomes between parties should be included in 

sustainable financing discussions. 

These trends and drivers — the trend toward systematic ESG requirements in finance, and the emerging 

sustainable and transition finance activity and requirements — present an opportunity for proactive mining 

value chain actors to significantly benefit, while conservative actors that wait for the regulatory changes to act 

and transform corporate practices face increasing risks. 

5.3. A closer look at sustainable finance instruments 

Sustainable finance is not a funding path that mining value chain actors have traditionally engaged in, 

presenting a significant opportunity of untapped financial resources to accelerate a just transition towards net 

zero mining. That said, there are a few sustainable finance case studies across mining. Fortescue Metals 

Group raised an US$800 million green bond to funding renewable energy, energy efficiency, energy storage 

and transport projects, among others.clxxviii SQM in Chile and the Livent Corporation in Argentina, two lithium 

producers, each raised green bonds to finance energy efficiency projects and for facilitating the growth of 

electrification in the transport sector (US$700M and US$225M, respectively).clxxix Teck Resources executed a 
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US$40 billion sustainability-linked revolving credit facility, with KPI’s linked to GHG emissions, health and 

safety and gender diversity.clxxx South32 secured a sustainability-linked loan, with KPIs linked to reducing GHG 

emissions and improving their energy- and water-use efficiency.clxxxi Outside of these few pockets of 

understanding and using sustainable finance, industry understanding of sustainable finance instrument is 

limited. 

5.3.1. Sustainable finance for a just transition 

Companies are encouraged to consider using sustainable finance instruments specifically designed to fund 

social interventions that support the goal of a just transition. For example, Anglo American secured a US$100 

million, 10-year sustainability-linked loan with the IFC for delivering their Sustainable Mining Plan. The loan is 

IFC’s first in the mining sector and is understood to also be a first in the mining sector globally because of its 

exclusive focus on social development indicators. The specific KPIs and targets of the loan agreement are 

aimed at supporting community development, including the creation of jobs, and improving the quality of 

education for more than 73,000 students in Anglo’s mining regions in South Africa.clxxxii Using these kinds of 

sustainable finance instruments can provide critical funding for just transition interventions. 

5.3.2. Recommendations on the use of sustainable finance instruments  

External sustainable finance is an important tool that can provide corporate or project financing for the 

execution of a company’s sustainability strategy so that it can deliver a just, net zero transition; and validate 

that transition. Some companies may also investment in sustainability projects from their own balance sheets 

(e.g., R&D, low-carbon technologies, social interventions).  

The choice of sustainable finance instrument(s) used by a company to facilitate a just transition to net zero 

mining depends on: (i) whether the company can clearly identify specific use of proceeds that can be labelled 

green or social under a given sustainable finance taxonomy; (ii) whether the company has a clearly defined 

sustainability strategy with ambitious targets; (iii) the company’s overall financing strategy (corporate or 

project financing, typical maturity profile, loan or bond financing); and (iv) the preferences of a company’s 

lenders or investors. Below recommendations are provided on the use of different sustainable finance 

instruments to support deployment of low-carbon technology interventions and delivery of a just transition. 

These recommendations are based on extensive research and stakeholder engagements on each of the 

instruments listed below.  

1. Sustainable bonds and loans (use-of-proceeds): useful when a specific use of proceeds can be 

identified for social or green purposes (e.g., for low-carbon technology interventions such as energy 

efficiency, renewable energy skills development). There is a requirement that borrowers monitor and 

report how the proceeds are used and what they are spent on, so these instruments are more suitable 

for project financing, rather than general corporate financing. Identifying specific sustainable projects 

can help align the borrower to the debt and sustainability principles required for accessing these 

instruments (e.g., an externally verified framework guaranteeing the use-of-proceeds for sustainability 

purposes). Given the cost and administrative burden associated with raising a bond, the size of the 

issuance needs to be upwards of ~US$50 million. Loans, however, can be smaller.   

2. Sustainability-linked bonds and loans (target driven): useful for corporate financing of a range of 

mature low-carbon technology or other sustainable interventions. These instruments offer mining 

value chain actors more flexibility in how the proceeds can be used. Depending on the specific SPTs 

and KPIs, these instruments can fund a range of sustainable interventions, such as GHG mitigation, 

biodiversity, water and just transition interventions. In addition, the issuer can aggregate a greater 
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number of sustainable interventions, making it easier to reach the minimum size threshold for a 

sustainability-linked bond issuance. Since the issuer will incur financial penalties if the KPIs are not 

met, these instruments are only suitable for mature and proven technologies/interventions – the 

issuer needs to be confident the technology will work. 

3. Sustainable concessional/blended finance: Suitable for smaller mining value chain actors in 

developing countries where they might not have access to capital, reasonably priced debt, or risk-

friendly investors. The maturity of the technology or activity being funded will influence the specific 

instruments used to deliver concessional finance. For example, debt instruments are more suitable for 

mature technologies while grants are more suitable for less mature technologies and/or RD&D. 

Suitable for a range of low-carbon, sustainable and just transition interventions.  

4. Sustainable grant funding: Suitable for funding early-stage technologies and/or RD&D into alternative 

technologies. These include alternative technologies for process optimization and energy efficiency 

(e.g., coarse particle flotation, in-situ recovery); alternative energy storage technologies; green 

hydrogen electrolyzers; alternative reductants; circular economy interventions and carbon removal 

technologies (e.g., carbon mineralization and enhanced weathering, bioenergy with carbon capture 

and storage (BECCS)). 

5. Listed green equity: Best suited to large, listed mining value chain companies with mature 

sustainability strategies and good sustainability performance. Green equity offers companies 

flexibility in how they use the proceeds. Companies can finance a range sustainable technologies or 

interventions without the technology maturity restrictions applied to bonds and loans. Meeting stock 

exchange requirements to be listed as green equity can carry high administrative burden and cost. For 

example, companies will need to prove that business activities are sustainable or that a certain 

revenue percentage comes from proven sustainable activities (e.g., as stated in sustainable finance 

taxonomies, or sustainable equity tagging products like the London Stock Exchange Green Economy 

Mark).  

6. Sustainable private equity: More suitable for established or “specialized” mining value chain actors 

and technology start-ups with a demonstrated track record of positive environmental and social 

impact. Private equity typically has less stringent sustainability requirements and more flexibility in 

terms of use-of-proceeds and can be used for a range of technologies or interventions. Although, this 

is dependent on the ambition of the financer. Adhering to best-practice sustainability standards, such 

as the ICMM Mining Principles or the Copper Mark, can support access to sustainable private equity.  

7. Sustainable venture capital: Suitable for new and growing value chain actors without considerable 

track record, and for those driving innovative or less mature sustainability technologies or 

interventions. Value chain actors will need to demonstrate ambitious sustainability strategies, plans, 

targets, and performance to attract and secure venture capital. Adhering to best-practice 

sustainability standards, such as the ICMM Mining Principles or the Copper Mark, can support access 

to venture capital.  

8. Insurance and guarantee instruments: Suitable for financing sustainable technologies or 

interventions as part of a blended finance facility in developing countries where project risks are high 

for commercial investors. Insurance products for biophysical climate risks are mature and common 

globally.  
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Box 21: Alternative sustainable finance instruments 
Alongside vanilla debt, equity and risk-sharing instruments, instruments such as carbon or biodiversity offsets, Energy 

Performance Contracts (EPCs) and Power Purchase Agreements (PPAs) offer mining value chain actors alternative 

financing options to support their Net zero journey.  

Self-developed carbon or biodiversity offsets: Mining value chain actors could self-develop carbon removal and 

biodiversity offset projects to offset their own residual/hard-to-abate GHG emissions and biodiversity impacts. They will 

have to raise the necessary capital to procure, implement, and manage the carbon removal project. Such self-developed 

offset projects can provide co-benefits for mine rehabilitation and post-closure livelihood plans. In the long-term (2040-

2050) there is potential to sell excess offset credits to the offset market. Proceeds from the sale of self-developed credits 

could be used to finance future mine rehabilitation and post-closure livelihood plans or recover some of the investment for 

the self-developed offset project.  

Energy performance contracts: Despite relatively low uptake, EPCs provide an interesting opportunity for mining value 

chain actors to finance energy efficiency projects. Under an EPC, an Energy Service Company (ESCO) develops, 

implements, and finances an energy efficiency project off the balance sheet. The customer uses the cost savings from the 

energy efficiency project (i.e., savings from reduced energy expenditure) to pay the ESCO for capital equipment and 

supporting technical services. Most suitable where large energy and cost efficiency can be achieved as these will typically 

deliver a shorter payback period. Such contracts can often delivery service improvements. 

Power Purchase Agreements (PPAs): Suitable for mining value chain actors who cannot afford to self-develop their own 

renewable energy projects. Under a PPA, value chain actors can procure renewable energy from a third-party developer 

(who takes on the risks associated with the infrastructure and finance) in exchange for land on which the infrastructure is 

built. This can take place either directly through a utility grid (sleeved PPA) or notionally (a synthetic PPA where the project 

does not actually provide the buyer with electricity but via a financial transaction for the volume agreed).clxxxiii Companies 

can buy renewable energy (via renewable energy certificates) through a negotiated tariff from an independent energy 

developer who finances and operates the project optimally. 

 



 

 

6. POLICY, LEGAL AND REGULATORY 
CONSIDERATIONS FOR THE NET ZERO 
TRANSITION 

Prompted by the 2015 Paris Agreement, the regulatory framework surrounding energy-intensive industries has 

noticeably evolved over the past six years. While progression is not internationally uniform, the literature is 

now clear, at a general level, on what regulatory measures should be in place to favor strong mitigation 

measures and what should be removed to avoid promoting fossil fuels.clxxxiv International and domestic 

policies, laws and regulations are, therefore, important for creating a supportive enabling environment for the 

mining sector to transition to net zero emissions. However, policies, laws and regulations can also become a 

barrier to the net zero transition, particularly in circumstances where they are absent, incoherent, misaligned, 

or contradictory. To overcome these barriers, mining value chain actors will need to engage with governments 

and policy makers  

The following builds on this wide general knowledge and applies it to copper and nickel mining and their value 

chains to provide a regulatory roadmap for their decarbonization. It identifies potential barriers related to 

energy policy, legal mining frameworks, climate change policy and the international trade and investment 

architecture. The Chapter concludes with recommendations for engaging with policy makers to overcome 

these barriers and accelerate the transition to net zero mining.  

Box 22: Methodology summary  
Each of the seven selected mining countries were graded according to whether it has enabling or dis-incentivizing 

regulatory factors. Grading was done on a scale of 1 to 5, with 1 being significantly discouraging and 5 being significantly 

enabling). Each of the grades for domestic policy and regulation are then totaled into a final score for each country in the 

range of 0 and 85, with 85 being the highest possible score. Countries below the score of 50 are highlighted in red, while 

score between 50 and 70 are yellow and above 70 is shown in green. 

For smelting countries, indicators are scored on a scale 0 to 10, with 0 being significantly resistant to decarbonization and 

10 being fully committed to decarbonization. Scoring indicators for smelting countries include a scale of 0 to 1 for all 

indicators except for total percent of waste recycled and climate policy scores, which are out of 2 and 4 points, 

respectively.   

Each mining and smelting country, scored accordingly, was placed in a heat map to provide an overview of current policy 

status on copper and nickel mining and smelting operations. Smelting countries are colored according to their score 

between 0 and 10, while mining countries have call out boxes with their total score. More information on the methodology 

is available in the Appendix “Methodology: Policy, legal and regulatory barriers assessment” – page 111.  
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6.1. Considerations for copper mining value chains 

Results for mining and smelting countries vary based on the principal metal of mining operations. Context for 

both mining and smelting countries is provided below. 67% of the six copper mining countries score less than 

¾ of the 85 total score, accounting for 23% of the global copper production (Figure 31).  

 
Figure 31: Copper mining and smelting country scores based on the quality of the policy and legal 

framework in enabling decarbonization of mining and smelting 

6.1.1. Energy policy 

Of the six countries analyzed, Chile, Peru, and China all scored higher than 20 out of a total of 25 in renewable 

energy legal framework indicators. The greatest indicator scores are for the enabling framework for 

independent power producer (IPP) operations and renewable energy policy framework. Most copper mining 

countries have well-established renewable energy goals, like minimum threshold targets in the electricity / 

energy mix and policies supporting private participation in electricity generation. However, not all countries 

authorize corporate power purchasing agreements (PPAs) whereby mining value chain actors buy directly 

from IPPs.  

6.1.2. Legal Mining Framework 

Mining legal framework scores for all countries are relatively lower than other thematic groups. All countries’ 

mining code indicator only score a 1 or 2 out of 5 points. There is an industry-wide shortfall of mining codes 

that sufficiently promote emissions reductions. Without outright banning fossil fuel subsidies, with few 

mandates for mines to explicitly use renewable energy, and with stabilization clauses potentially exempting 

mines from carbon pricing, mining laws continue to inhibit sector decarbonization. 

6.1.3. Climate change policy 

Similarly, all copper mining countries score relatively low in the climate change policy for industrial 

decarbonization group. The lowest scoring sector in this group is the financial incentives score, where again 

all countries score a 1 or 2 out of 5 points. This indicator, which measures a country’s fiscal incentives 
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towards promoting the purchase and use of energy-efficient equipment in the industrial sectors, indicates that 

copper mining countries still have room to fully develop financial schemes and incentives to encourage 

efficiency in industrial processes and, in particular, in the mining sector. In addition, outside of Chile, green 

hydrogen policies are rare, and none of the countries have a full-fledged carbon pricing policy in place. 

A robust national climate policy is missing in many copper smelting countries. While 57% of copper smelting 

countries have a net zero commitment by 2050, and 47% have a carbon pricing policy34 in place, only 40% 

have both policies. Only 10% have a climate policy score of 3 or 4. Some 79% of global copper smelting 

capacity takes place outside of the highest scoring countries, including Canada, Western and Northern 

Europe, South Africa, and South Korea.  

Waste management laws and agencies in copper smelting countries are associated with high recycling rate of 

metals. Some 74% of copper smelting countries contain both a national law for solid waste management and 

a national agency to enforce it. In 65% of smelting countries, recycled waste stream represents more than 

20% of the total waste stream. However, for 26% of countries, national laws for solid waste management and 

national enforcement agencies are still missing. The latter countries are more likely to have recycled waste 

streams below the global average of approximately 20%. Very few countries with a law in place do not have a 

national agency. Overall, it appears that copper smelting is currently operating in an environment that does 

not encourage decarbonization. 

Table 13: Policy and regulation scores for copper mining countries broken down by thematic group 

 

34 For the carbon price assessment: Absence of carbon pricing scored 1; plans to implement carbon price scored 2. The level of the 
pricing was then considered and scored as follows: below US$40/tC02e, the score was 3; between US$41/tC02e and US$60/tC02e the 
score was 4 and greater than US$60/tC02e, the score was 5. 

Larger Goal 
Low carbon 
intervention 

Indicatorclxxxv 

Copper Mining Countries 

Chile
clxxxvi 

Peru
clxxxvii 

Russia
clxxxviii 

China
clxxxix 

DRCcxc 
Indo-
nesia

cxci 

Energy policy: 
Renewable 
Energy 

Renewable 
Energy and 
Energy 
Storage 

RE Framework 5 5 4 5 1 3 

IPP Operations 5 5 5 5 3 3 

Net-Metering 5 1 1 5 1 1 

Short-term 
Target 

5 5 1 5 1 4 

Corporate PPA 
Authorization 

5 5 2 2 3 1 

Legal Mining 
Framework 

Renewable 
Energy, 
Operational 
and Process 
Energy 
Efficiency, 
Fuel Switching 
and 
Electrification, 
Tailings 
reprocessing 

Mining Code 2 1 1 2 1 1 

Community 
Consultation 

5 4 1 1 5 3 

Biodiversity 
Offset 

5 5 1 3 1 3 

Water 5 5 2 5 2 5 

Best Available 
Techniques 

5 1 3 5 1 1 

Climate change 
policy: Industrial 
Decarbonization 

Renewable 
Energy, 
Operational 
and Process 
Energy 
Efficiency, 

NDC reduction 
targets 

5 5 4 5 3 5 

Biofuel Blend 5 5 1 5 1 5 

Green 
Hydrogen 
Policy 

5 1 1 2 1 1 
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Figure 32: Scores of every major copper smelting country (scores range from 10 highest – 0 

lowest)cxcii 

Fuel Switching 
and 
Electrification 

Research and 
Development 

5 2 1 5 1 1 

Minimum 
Energy 
Performance 
Standards 

5 2 1 5 1 1 

Financial 
Incentives 

1 2 1 2 1 1 

Carbon Price 3 1 2 3 1 2 

Total Score (out of 85) 76 55 32 65 28 41 
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6.2. Considerations for nickel mining value chains 

All three nickel mining countries score less than ¾ of the 85 score, accounting for 55% of global nickel 

production (Figure 33). 

 
Figure 33: Nickel mining and smelting country scores based on the quality of the policy and legal 

framework in enabling decarbonization of mining and smelting 

6.2.1. Energy policy 

Nickel mining countries have relatively strong renewable energy policy frameworks, but they remain 

basic. Nickel mining countries score high on the renewable energy policy indicators, in particular when it 

comes to enabling IPPs to operate. The lowest scoring indicator in this category is net-metering, and 

although private electricity generation is strongly supported, enabling infrastructure for net-metering is 

not yet in place for Russia, Philippines, and Indonesia, while corporate PPAs are not yet authorized in 

Russia and Indonesia. 

6.2.2. Legal Mining Framework 

The newest industry best-practices for regulation have not gone into full effect in nickel mining 

countries. The modern standard for environmental impact assessments for mining operations include 

both a strong policy to regulate biodiversity offsets according to the mitigation hierarchy and the use of 

Best Available Techniques, which mandates mining operations to rely on best technologies for 

maximum environmental performance. These techniques are not fully implemented in nickel mining 

countries. Consequently, mining legal framework scores for nickel mining countries are low for both of 

these indicators, with only Indonesia and Russia scoring a 3 out of 5, respectively for biodiversity and 

Best Available Techniques. In addition, as with copper mining countries, the mining laws remain a 

hindrance to decarbonization in nickel mining countries.  
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6.2.3. Climate change policy 

Similarly, all nickel mining countries score relatively low in the climate change policy for industrial 

decarbonization group. The lowest scoring sector in this group is the minimum energy performance 

standard score, which scores 1 out of 5 for Russia, Philippines, and Indonesia. This indicator measures a 

country’s adoption of minimum performance standards for industrial uses of vehicles, buildings, 

machines, and overall operations. Low scores in these standards indicate that these countries must 

make significant effort to standardize the mining and industry sectors and set an energy efficiency 

threshold. Nickel countries also rarely have policies advancing green hydrogen, financial incentives for 

efficiency, carbon tax, or public support for RD&D programs. 

Climate policies are weak in most nickel smelting countries. Only 55% of these countries have a Net 

zero commitment by 2050, 41% only have a carbon pricing scheme, and only 35% have both policies in 

place. Additionally, only 16% of nickel smelting countries in the sample have a climate policy score of 3 

or 4. Just like for the copper smelting countries, most nickel smelting (60% for nickel smelting 

countries) takes place outside of the highest scoring countries of Northern and Western Europe, 

Canada, South Africa, and South Korea. Climate policies overall are not strong enough to incentivize 

decarbonization of nickel smelting. 

Waste and recycling frameworks do not guarantee that materials are recycled. While most nickel 

smelting countries that have both national laws for solid waste management and a national agency to 

enforce them score full points for recycled waste, it is not always the case that recycling takes place 

meaningfully: In fact, 33% of nickel smelting countries that have both national laws for waste 

management and enforcement either do not report or have values of recycled waste that amount to less 

than 10% of their total waste stream. Additionally, 16% of countries do not have either of these policies 

in effect, all of which have recycled waste streams lower than the global average of approximately 20%. 

Ensuring that policy, once established, remains effective is a challenge particularly for middle- and low-

income countries.  

Table 14: Policy and regulation scores for nickel mining countries broken down by thematic 
group 

Larger Goal Low carbon interventions Indicatorcxciii 
Nickel Mining Countries 

Russiacxciv Philippinescxcv Indonesiacxcvi 

Energy policy: 
Renewable Energy 

Renewable Energy and 
Energy Storage 

RE Framework 4 5 3 

IPP Operations 5 5 3 

Net-Metering 1 1 1 

Short-term Target 1 5 4 

Corporate PPA 
Authorization 

2 5 1 

Legal Mining 
Framework 

Renewable Energy, 
Operational and Process 
Energy Efficiency, 
Fuel Switching and 
Electrification, Tailings 
reprocessing 

Mining Code 1 2 1 

Community 
Consultation 

1 5 3 

Biodiversity 
Offset 

1 1 3 

Water 2 4 5 

Best Available 
Techniques 

3 1 1 

Climate change 
policy: Industrial 
Decarbonization 

Renewable Energy, 
Operational and Process 
Energy Efficiency, 

NDC reduction 
targets 

4 2 5 

Biofuel Blend 1 5 5 
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Larger Goal Low carbon interventions Indicatorcxciii 
Nickel Mining Countries 

Russiacxciv Philippinescxcv Indonesiacxcvi 

Fuel Switching and 
Electrification 

Green Hydrogen 
Policy 

1 2 1 

Research and 
Development 

1 2 1 

Minimum Energy 
Performance 
Standards 

1 1 1 

Financial 
Incentives 

1 2 1 

Carbon price 2 1 2 

Total Score (out of 85) 32 49 41 

 

 
Figure 34: Scores of every major nickel smelting country (scores range from 10 highest – 0 

lowest)cxcvii 

6.3. International trade and investment architecture 

Core elements of the international trade and investment architecture work as decarbonization 

barriers.cxcviii The World Trade Organization (WTO) is considered to be in a state of crisis and, as such, 

unable to serve countries’ need for an effective multilateral forum to negotiate comprehensive rules to 

ensure that international trade supports decarbonization efforts. Lacking such a forum, national-level 

decarbonization policies and practices are not being coordinated, and international trade rules 

addressing decarbonization are not being developed and applied. Comprehensive reforms addressing 

the multifaceted reasons for the crisis of the WTO are needed, so that the WTO is reinvigorated as a 

multilateral forum and adopts climate-aligned international trade rules to support and accelerate 

decarbonization.  

In turn, the existing network of more than 2500 investment treaties and chapters, coupled with their 

mechanisms of investor–state dispute settlement (ISDS) through international arbitration, offer 
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extraordinary legal protections and remedies to carbon-intensive investments, making it difficult and 

costly for host countries to adopt decarbonization-oriented policies. At the same time, these 

instruments fail to integrate climate policy considerations and to offer countries strong mechanisms to 

enforce climate and broader environmental laws and regulations against foreign investors. To address 

these pervasive barriers to decarbonization, countries need to profoundly reform investment treaties or 

terminate or withdraw from them, and instead adopt investment governance frameworks that support 

decarbonization. 

Opportunities exist to strengthen or enact decarbonization enablers in international legal frameworks. 

Going significantly beyond the existing aspirational provisions on dialogue and cooperation on 

environmental and climate-related issues, contained in a small number of trade and investment treaties, 

countries could negotiate international legal frameworks with binding and enforceable commitments on 

decarbonization enablers with specific actions and measurable targets.  

Notably, countries can commit in international legal frameworks to removing fossil fuel subsidies, which 

would enable decarbonization, as they distort competition by artificially making carbon-intensive energy 

sources more attractive, thus discouraging renewable energy investment, besides perpetuating existing 

inequalities between developing and developed countries. Decarbonization could also be enabled by 

greater international cooperation and coordination on carbon pricing schemes (for example, through 

border carbon adjustments (BCAs)—charges levied on imported carbon-intensive goods and services), 

harmonization of methods to measure the embedded carbon of goods and services, and tax incentives for 

decarbonization measures. Climate-oriented banking standards and guidelines would lead the 

international financial system to prioritize zero-emissions investment. 

6.4. Recommendations for overcoming policy, legal and regulatory 
barriers 

Engaging in policy-making processes can help overcome barriers and foster a more supportive enabling 

environment for the net zero transition. To foster the development of a framework of international 

agreements and domestic policies, laws, and regulations conducive to decarbonization, mining value 

chain actors are encouraged to: 

6.4.1. Proactively engage in policy-making processes: 

Mining value chain actors need to be proactive, collaborative, and constructive in engaging in domestic 

and international policy-making processes and initiatives to foster a more favorable enabling legal 

environment for a just net zero mining transition (e.g., by participating in international multi-stakeholder 

initiatives to develop and propose model regulations).  

6.4.2. Align positioning and public sector engagement strategies: 

Align sector-wide and company-specific lobbying policies with ambitious climate action to show 

coherence across the mining value chain. Coherent internal positioning and aligned government 

relations concerning climate action is needed. Coherent collective action and multi-stakeholder 

engagement is likely to be more effective than piecemeal approaches 

6.4.3. Agree on and communicate needs and barriers with governments:  

Reach sector-wide agreement on ambitious climate change policies, existing legal barriers to ambitious 

climate action, growing transition risk of policy sluggishness, proposed solution to barriers and the 
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sector’s readiness to anticipate urgent and ambitious climate policy measures. Communicate sector-

wide agreements to government with support of industry associations (e.g., ICMM, IGF).  

6.4.4. Prioritize action in regions with weak enabling environments:  

Prioritize action in regions with high potential supply but poor enabling environments.  Non-

governmental actors and development finance may play an especially important role in these regions. 

Support from the IFC is crucial to build capacity in developing country governments to strengthen 

domestic and international legal and policy frameworks and bring them in line with climate change 

goals, ensuring that these frameworks support and encourage, and do not undermine, decarbonization 

efforts throughout global value chains, including those of nickel and copper. 
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7. COLLABORATIVE INITIATIVES TO SUPPORT 
THE NET ZERO TRANSITION  

Transitioning to net zero copper and nickel mining value chains will require a coordinated effort by 

different actors, both within and outside the mining value chain. The magnitude of transitioning copper 

and nickel mining value chains to net zero emissions, in an inclusive and just manner, is beyond the 

resources and control of any single company or government. While a company can make substantial 

contributions to achieving net zero emissions (e.g., adapting internal procurement policies and 

switching to renewable energy sources), several barriers and challenges are outside its direct control 

(e.g., technology innovation, access to sustainable finance, market development, mitigation action by 

supply chain actors35 and national policies and regulations that might hinder the deployment of low-

carbon technologies). Such challenges can only be overcome through multi-stakeholder 

collaboration.cxcix  

The following Chapter maps various global initiatives that could support individual value chain actors 

execute the net zero Roadmap and discusses the importance of collaboration for influencing the 

broader, external ecosystem and enabling environment. It concludes with recommendations for 

collaborating to address scope 3 emissions. 

7.1. Collaboration to drive change in the external ecosystem 

Industry collaboration and collective commitments to net zero emissions, and other sustainable 

development initiatives, provide important market signals that can influence the broader ecosystem and 

help overcome external barriers to the transitioncc. Mining value chain actors can collectively influence 

the broader, external ecosystem and enabling environment by joining and working with various 

initiatives (e.g., the ICMM). This will help send important market signals to drive technology innovation, 

market development, sustainable finance flows, and public policy for addressing scope 1, 2 and 3 

emissions.  

Facilitated collaboration through an initiative can aggregate the pipeline of opportunity and demand for 

low-carbon interventions through non-competitive means. For example, becoming an ICMM member 

and collectively committing to net zero scope 1 and 2 emissions, or joining the EV100 and RE100 

initiatives, informs technology providers, financiers, supply chain actors and governments that the 

sector is committed to taking action and driving change. Doing so can encourage these external actors 

to increase investments in low-carbon technologies, fast-track market development and create 

innovative finance instruments to support wider uptake and deployment of low-carbon technologies for 

minimizing scope 1, 2 and 3 emissions.  

Collectively engaging with policymakers and governments through representative initiatives can help 

overcome potential regulatory barriers to the deployment of low-carbon technologies and a just 

transition to net zero emissionscci. By pooling resources to engage with policy makers and governments, 

mining value chain actors can develop more efficient public engagement strategies, stronger and more 

credible arguments, and demonstrate greater backing through collective commitments and actions. 

 

35 Mining supply chain actors are those upstream and downstream of the defined mining value chain (extraction and processing). 
They provide inputs into the extraction and processing stages of the mining value chain, as well as purchase copper and nickel to 
further process into finished goods (e.g., copper wire, solar panel etc.). 
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This can help address scope 2 emissions by encouraging governments to increase the deployment of 

grid-based renewable energy. It can also help address scope 1 and 3 emissions by fostering a more 

favorable enabling environment for the deployment of low-carbon interventions within copper and nickel 

mining operations and across their supply chains. Public-private partnerships are also critical for the 

deployment of low-carbon interventions and ensuring a just transition (e.g., shared ownership models 

for renewable energy deployment).  

7.2. Collaboration to support mining value chain actors implement the 
net zero Roadmap 

Engaging with sustainable and responsible mining, technology and collaborative initiatives36 can 

support individual copper and nickel mining value chain actors implement the net zero Roadmap, by 

leveraging their networks, expertise, technical capacity and resources.ccii Figure 35 maps the various 

global initiatives available to the mining value chain actors and where on the mining value chain 

(extraction, processing and transportation) they can provide support for implementing elements of the 

Roadmap. It categorizes selected global initiatives according to their core focus areas:  

• Responsible and sustainable mining initiatives  

• Copper and nickel industry associations  

• Low-carbon technology innovation and deployment initiatives  

• Cross-cutting collaborative initiatives 

• Voluntary carbon offset standards 

It also maps each group of initiatives against the copper and nickel mining value chain (as indicated by 

the value chain icons) to identify where they could provide collaborative support to individual companies 

across the value chain.  

Engaging with and joining these initiatives, can provide individual companies (and the broader sector) 

with the following support and co-benefits: 

Aspirational ESG commitments: Joining responsible and sustainable mining initiatives, will help 

individual companies commit to best practice for inclusive, responsible, and sustainable mining value 

chains. For example:   

• ICMM members are required to adhere to the ICMM’s Principles for good ESG performance.  

• The Copper Mark and Joint Due Diligence Standard for Copper, Lead, Nickel, and Zinc provide an 

assurance standard for responsibly and sustainable produced copper and nickel.  

• IRMA’s Standard for Responsible Mining defines good practices for what responsible mining 

should look like at the industrial scale and provides a third-party certification to further 

encourage improved ESG performance by value chain actors.cciii 

 

 

 

36 For the purpose of this document, "initiatives” are defined as global collaborative platforms, within and outside of the mining 
sector, that can support different elements of the Roadmap (e.g., from low-carbon technology deployment and responsible carbon 
offsetting, to improving social performance and supporting a just transition). 
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Figure 35: Mapping sustainable & responsible mining; technology and collaborative initiatives against the mining value chain 
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Increased climate ambition and action: Achieve net zero by 2050 through increased ambition and 

commit. For example: 

• ICMM members have committed to net zero GHG emissions by 2050 or sooner. 

• The TPI (Transition Pathways Initiative) is a global initiative which assesses companies’ 

preparedness for the transition to a low carbon economy.cciv 

Awareness and capacity building: Build in-house knowledge, expertise, and capacity for monitoring, 

disclosing and reducing GHG emissions and other ESG risks. For example:  

• The ICMM provides various guidance documents and support for improving ESG performance.  

• The ICA and NI provide a range of techno-economic, market, sustainable development, and ESG-

related performance support.ccv 

Low-carbon technology deployment: Reduce scope 1 and 2 emissions by supporting companies to 

access and deploy low-carbon technology interventions. This can be done either directly, by supporting 

market access and development, or indirectly through policy and regulatory advocacy. For example:  

• WIPO Green provides an online platform for low-carbon technology exchange. 

• The ICMM’s Innovation for Cleaner, Safer Vehicles initiative brings member companies together 

with OEMs, in a non-competitive space, to accelerate the development of new generation mining 

vehicles and improve existing ones. This initiative supports the reduction of scope 1 emissions 

and improves the health and safety of workers. 

• The Global Mining Guidelines (GMG) Group have an Electric Mine Working Group that “aims to 

accelerate the adoption of all-electric technologies in mining, address the challenges associated 

with them, and share information on how they can enable safer, more efficient, productive, and 

cost-effective mines”. 

• The United Nations Climate Technology Centre & Network provides companies with low-carbon 

technology solutions and capacity building. It also provides advice on policy, legal and 

regulatory frameworks to foster greater technology exchange and deployment.ccvi  

Technology innovation: Fast-track research, development, and deployment (RD&D) and piloting of 

innovative low-carbon and sustainable technologies that enable the Net zero transition by 2050. For 

example: 

• The Green Hydrogen Catapult aims to drive massive green hydrogen scale-up by 2026. 

• The Ellen MacArthur Foundation provides evidence-based research on circular economy 

opportunities and how they can contribute to tackling climate change and biodiversity loss 

across various sectors.ccvii   

Credible, Net zero-aligned carbon offsetting: Engaging with voluntary carbon offset standards can 

support the development of credible carbon offset strategies that use net zero-aligned carbon offsets to 

neutralize residual emissions for achieving Net zero. These standards also verify that carbon offset 

projects or credits adhere to best practice and can support individual companies connect with project 

developers and access offset markets. For example: 

• The Gold Standard provides: (i) best practice standards and eligibility requirements for investing 

in credible carbon offsets; (ii) support for self-developing own offset projects, and (iii) access to 

offset markets, amongst a host of additional services. 
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• The Climate Action Reserve provides information about the Offset Market place in the USA, 

including a list of project developers; traders and brokers; retails and exchanges.ccviii  

Sustainable finance: Access to sustainable finance through direct engagement, awareness raising and 

networking with financiers and investors, and indirect engagement through ESG-related disclosures and 

performance support. For example: 

• The Third Derivative connects technology innovators with a network of financiers to accelerate 

innovation, market transformation and technology deployment.  

• The Mission Possible Partnership works with financiers to facilitate networking, climate and 

transition finance, and sustainable finance policy.ccix 

Stakeholder engagement: Bring actors and stakeholders together, by leveraging initiatives’ convening 

power to close gaps in relationships and communication, particularly between mining value chain 

companies, governments, communities, civil society, and labor. Some initiatives also support 

engagement with governments and policy advocacy to strengthen the enabling environment for a net 

zero transition. For example: 

• The ICA and CA connect upstream and downstream parts of the copper value chain and provide 

a common platform to advocate for shared interests with policy makers, governments, and other 

key stakeholders.ccx 

Knowledge sharing and partnerships for a just transition: Contributing to a just transition is beyond the 

resources of any one company and will require collaboration between stakeholders within and outside 

the mining value chain. Engaging with collaborative, just transition initiatives can support knowledge 

sharing and capacity development to help mining value chain actors develop and implement robust just 

transition strategies. For example: 

• The Just Transition Initiative engages with stakeholders to create policy recommendations and 

strategies for achieving a just transition. It also identifies and addresses knowledge gaps – in 

both the conceptual and practical understanding of a just transition – and facilitates knowledge 

sharing and partnerships among stakeholders and scholars. 

• The ICMM’s Skills for our Common Future initiative, will support member companies “achieve 

the ambition of building skills for host communities to fully participate in the economy of the 

future, delivered through partnerships between the mining sector, communities, government and 

civil society”ccxi. 

Roadmap users are encouraged to use Table 15 and Table 16 to identify initiatives that can provide 

them with the necessary support they need for their net zero journey, and then to engage with them. 

Table 15 provides a closer look at: (i) the type of support each initiative provides, and (ii) the 

stakeholders each initiative primarily engages with. Table 16 provides an overview of selected 

international Voluntary Carbon Offset Standards and gives an indication of the support each provides. 

Box 23 provides an overview of the evaluation criteria used in Table 15.  
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Box 23: Evaluation criteria for the comparative analysis of collaborative initiatives  
Stakeholder scope provides an indication of the various stakeholders the initiative works, engages, or collaborates 

with. Expertise and support services provides an indication of the type of expertise and support services provided by 

each initiative. These are categorised into the following type of initiatives:  

• Technology acceleration (targeted at specific technology readiness levels): R&D (TRL 1-3, Providing R&D 

expertise/support services to stimulate new technologies); Development and piloting (TRL 4-6, Supporting 

technology development or piloting); Deployment (TRL 7-9, Supporting deployment of technology). 

• Sustainable finance: Providing sustainable finance thought-leadership or supporting access to sustainable 

finance.  

• Policy advocacy: Providing policy and regulation support, and/or engaging in policy and regulation advocacy 

with governments or regulatory bodies. 

• Stakeholder engagement and collaboration: Supporting stakeholder engagement and collaboration.  

• Sustainable mining and ESG: Sharing expertise in implementing sustainable practices and principles for mining, 

and/or that can support with ESG reporting and assurance. 

• Technical capacity and knowledge sharing: Developing and sharing technical research or supporting actors 

with technical goods and services (such as emissions reporting and accounting, energy audits and broader 

technical research for net zero mining). 
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Table 15: Comparative analysis of selected global initiatives that can support an inclusive net zero transitionccxii 
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SUSTAINABLE & RESPONSIBLE MINING INITIATIVES 

International Council Mining and Metals 
(ICMM)         

   
     

The World Bank’s Climate-Smart & 
Forest-Smart Mining initiatives  

 
  

   
 

   
  

 
  

Global Mining Guidelines Group (GMG) 
  

 
  

  
    

    
 

Initiative for Responsible Mining 
Assurance (IRMA)  

 
  

 
  

    
    

 

Intergovernmental Forum on Mining, 
Minerals, Metals & Sustainable 
Development (IGF) 

 
  

 
        

 
  

 

Executive Industries Transparency 
Initiative (EITI)  

  
  

 
 

     
 

 
 

 

World Economic Forum - Mining and 
Metals Industry Community   

    
  

     
   

Responsible Minerals Initiative (RMI) 
  

 
    

      
   

Responsible Mining Foundation (RMF) 
 

   
  

        
  

COPPER VALUE CHAIN INITIATIVES 

The International Copper Association, 
Ltd. (ICA) and the Copper Alliance (CA)   

 
  

  
 

    
    

The Copper Mark 
 

 
 

        
 

  
 

 

International Copper Study Group 
(ICSG)   

 
 

   
    

  
 

 
 

NICKEL VALUE CHAIN INITIAITVES 

The Nickel Institute (NI) 
  

 
  

  
 

      
  

NiPERA Inc.  
  

 
 

   
 

    
 

 
  

International Nickel Study Group (INSG) 
  

 
  

  
 

    
 

 
  

LOW-CARBON TECHNOLOGY INITIAITVES 

WIPO Green 
     

  
 

  
  

   
 

Amira Global 
  

     
    

   
  

World Economic Forum – Digital 
Transformation Initiative (WEF DTI)    
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Think and Act Differently (TAD) 
  

     
     

 
 

 
 

The UN Climate Technology Centre & 
Network (CTCN)   

 
  

  
    

 
 

  
 

RE100 Initiative 
  

 
 

        
 

  
 

Energy Resource Governance Initiative 
(ERGI)   

 
 

        
 

 
  

The Energy and Mining Collaboration 
(EMC)       

 
   

     
 

EV100 Initiative 
  

 
  

     
 

 
  

  

Smart Freight Centre (SFC) 
  

 
  

  
 

    
 

  
 

The World Economic Forum’s Global 
Battery Alliance (WEF GBA)      

 
  

  
    

 
 

Green Hydrogen Catapult 
 

   
 

  
     

   
 

The Electric Mine Consortium (EMC) 
 

      
 

  
 

    
 

The Green Hydrogen Coalition (GHC) 
     

  
       

 
 

Charge on Innovation Challenge 
 

        
 

  
  

  

The International Council on Clean 
Transportation (ICCT) 

 
 

 
 

      
  

  
  

Third Derivative (D3) 
     

  
       

 
 

ReThink Mining  
 

   
 

  
   

   
 

 
 

Ellen MacArthur Foundation 
 

  
  

 
   

   
  

 
 

CROSS-CUTTING COLLABORATIVE INITIATIVES 

The Partnering Initiative (TPI) 
  

 
    

     
  

 
 

Leadership Group for Industrial 
Transition (LeadIT)      

 
  

   
   

 
 

The Transition Pathways Initiative (TPI) 
 

 
 

        
 

  
  

The Just Transition Initiative 
  

 
 

 
 

   
 

  
   

 

Just Transition Centre 
  

 
 

 
 

   
 

  
   

 

The B Team 
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Mission Possible Partnership (MPP) 
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Copper and nickel mining value chain actors should engage with International Voluntary Carbon Offset 

Standards to ensure their use of carbon offsets aligns with best practice. Engaging with Offset 

Standards (Table 16) can help value chain actors in self-developing credible carbon offset projects, and 

in verifying registering and retiring them at the appropriate time to reach net zero emissions. They can 

improve awareness and understanding of the offset market ecosystem as well (e.g., the Climate Action 

Reserve provides information about the Offset Market place in the USA, including a (non-exhaustive) list 

of project developers; traders and brokers; retails and exchanges). These standards can also assist with 

GHG emissions accounting methodologies to avoid associated risks and help mitigate any E&S risks 

that might arise from the offset project. Some standards also provide access to offset markets, where 

credible offset credits can be purchased to neutralize any unforeseen increases in residual emissions.  

Engaging with the International Carbon Reduction & Offset Alliance (ICROA) can strengthen the broader 

ecosystem and enabling environment for net zero aligned carbon offsets. ICROA is, to some extent, 

more of a “thought leadership organization” that aims to drive best practice, rather than a voluntary 

standard. Value chain actors should not only stay up to date with the latest research by ICROA but 

encourage other initiatives, like the ICMM, for example, to endorse their recommendations to drive a 

more credible voluntary offset market.  

Responsible and sustainable mining initiatives should collaborate with Voluntary Carbon Offset 

Standards initiatives to develop and include specific net zero-aligned carbon removal offset criteria into 

voluntary sustainable mining standards. There appears to be a potential gap in voluntary sustainable 

mining standards for the credible use of carbon removal offsets to achieve Net zero emissions. In the 

absence of specific carbon removal criteria, individual companies have the added burden of engaging 

with and adhering to different initiatives and standards. This could potentially lead to misalignment in 

the use of offsets by copper and nickel mining value chains actors, threatening the validity of net zero 

targets and claims.  

Table 16: Review of International Voluntary Carbon Offset Standardsccxiii 

Standard 

Best 
practice 

standard/ 
regulations 

Independent 
assessment 
/ verification 

GHG accounting 
methodologies 

Registry 
Project 

development 

Access 
to 

markets 

Gold Standard 
  

 
   

Verra 
     

 

Climate Action 
Reserve (CAR)      

 

American Carbon 
Registry (ACR)     

  

International 
Carbon Reduction 
& Offset Alliance 
(ICROA) 

 
     

7.3. Collaboration for addressing Scope 3 emissions 

Collaborating with copper and nickel supply chain actors will be critical for minimizing scope 3 

emissions – a significant source of emissions that threatens the achievement of net zero targets. A 

company’s supply chain typically accounts for the bulk of their GHG emissions (and other ESG impacts), 

with the CDP suggesting that scope 3 emissions are, on average, 11 times higher than a company’s 

scope 1 and 2 emissionsccxiv. The challenge with addressing scope 3 emissions is that they are largely 

outside of a company’s direct control, but are within its sphere of influence (e.g., mining value chain 

actors can encourage suppliers to produce and transport goods in a more sustainable way). Therefore, 
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collaborating with supply chain actors to encourage and help them reach net zero is critical for 

minimizing copper and nickel mining value chain actors’ scope 3 emissions.  

A strategic focus should be to encourage supply chain actors to minimize their scope 1 and 2 emissions 

before endorsing their use of carbon removal offsets. Various “scope 3 interventions” exist that deliver 

business-to-business or initiative-to-business collaborations for minimizing scope 3 emissions. These 

interventions can be broadly categorized into the three groups depending on their desired outcomes: (i) 

stakeholder engagement to improve knowledge and awareness; (ii) incentives and penalties to 

encourage action by supply chain actors; and (iii) direct and indirect supply chain support.ccxv  

i. Stakeholder engagement to improve knowledge and awareness: Awareness & information 

sharing can improve supply chain actors’ understanding of: (i) climate change risks; (ii) best 

practice for measuring and disclosing GHG emissions (including global reporting and ambition 

standards); (iii) GHG emissions mitigation interventions and responsible use of Net zero-aligned 

carbon offsets, and (iv) how to access sustainable finance, amongst others. Improved 

stakeholder awareness encourages stronger ambition, commitment & action, and can be done 

directly by hosting webinars and workshops, or indirectly through sharing third-party reports, 

publications, webinars, etc. Knowledge sharing shouldn’t be limited to climate change but 

include various ESG risks, such as water security; pollution; health and safety, a just transition 

and so on.    

ii. Incentives and penalties to encourage supply chain action: Using incentives and penalties (e.g., 

discounts, minimum requirements, and/or benchmarking suppliers/customer performance) can 

encourage sustainable behavior change; reward first movers and healthy competition among 

suppliers and customers. Using an internal carbon price to inform procurement policies and 

decision-making, for example, can be used to encourage preferential procurement of low-carbon 

goods and services. Procurement policies can also be adapted to include minimum emissions 

content requirements by suppliers (e.g., including a minimum carbon content threshold for all 

capital goods purchased). These can later be adapted to include other ESG -related 

requirements, such as minimum water footprint or recycled content requirements. Similar 

mechanisms can be used to encourage behavior change by customers (e.g., including minimum 

requirements in contractual agreements).  

iii. Direct and indirect supply chain support: Directly support mitigation by supply chain actors 

through joint ventures (e.g., collectively investing in renewable energy deployment); or by 

financing their monitoring and reporting, and mitigation efforts. Indirectly support supply chain 

mitigation through policy advocacy in host countries to strengthen the enabling environment 

(e.g., advocate for policy and regulatory changes that reduce potential barriers to the 

deployment of low-carbon technologies). Engage with finance institutions to inform them of 

supply chain actors mitigation needs and try foster increases sustainable finance flows to 

support supply chain mitigation. 
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7.4. Recommendations for fostering multi-stakeholder collaboration  

Mining value chain actors are encouraged to strategically engage with a diverse range of initiatives that 

can best address their transition needs. Rather than engaging with as many initiatives as possible, or 

only certain types of initiatives (e.g., technology focused), value chain actors should strategically choose 

which initiatives to engage with. Companies should consider the following when choosing initiatives:  

• Strategically engage with initiatives that align with a company’s transition needs and strategic 

objectives, and that provide the relevant support services and access to relevant stakeholders. It 

is recommended that value chain actors identify their performance and transition needs before 

short-listing potential initiatives to engage.  

• Engage with a broad range of initiatives to take advantage of a diverse pool of experts, 

stakeholders, partnerships, support services, technologies, and markets. Include technology-

focused initiatives and collaborative initiatives that support policy advocacy. Without policy 

advocacy support, regulatory barriers to technology deployment will hinder a company’s Net 

zero journey. 

Responsible and sustainable mining initiatives should look to provide more guidance on net zero-aligned 

carbon offsetting and include carbon removal offset criteria into their voluntary standards. While there 

are numerous responsible and sustainable mining initiatives (ICMM; RMI; RMF; ICA; Copper Mark; NI 

etc.) that provide a tremendous amount of guidance and support for addressing various ESG risks, there 

appears to be a gap for responsible and net zero-aligned carbon offsetting. In the short-term (~2022 – 

2030), these initiatives should aim to increase industry knowledge of best practice for Net zero-aligned 

carbon offsetting by through portion papers, publications, and stakeholder engagements. In the 

medium-term (~2030 – 2040), responsible and sustainable mining initiatives should look to include 

specific criteria for the responsible use of carbon removal offset into existing voluntary sustainability 

standards, guidelines, and frameworks.  

Copper and nickel producers should align to the requirements of voluntary sustainable and responsible 

mining standards, such as the ICMM’s Mining Principles, Copper Mark, Joint Due Diligence Standard, 

and IFC’s Performance standards, amongst others.   Aligning with and meeting the requirements of 

these voluntary standards will ensure collective towards achieving responsibly & sustainably produced 

copper and nickel. This will also support improved access to finance and markets in the future, improve 

individual competitiveness and provide important market and regulatory signals to strengthen the 

enabling environment for the net zero transition.  

Collaborate with supply chain actors (upstream and downstream) to mitigate scope 3 emissions. This 

can be done through various mechanism, such as knowledge sharing and awareness building; 

incentives and penalties to encourage behavior change; and/or through direct and indirect support to 

supply chain actors for minimizing their emissions. 
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8. CONCLUSION 
The GET threatens to perpetuate the climate change crisis if GHG emissions from primary production of 

ETMs (e.g., copper and nickel) do not reach net zero by 2050. Meeting the 1.5°C temperature target is 

expected to significantly increase demand for ETMs. Copper and nickel demand is projected to increase 

by 156% and 208% above 2020 levels respectively.   

Under a BAU scenario, increasing demand for copper and nickel could increase GHG emissions from 

their primary production by 125% and 90% respectively (equivalent to 192 MtCO2e and 168 MtCO2e per 

year, respectively, by 2050). This presents a significant decarbonization challenge for both copper and 

nickel mining value chains and for the broader energy transition.  

To reach net zero emissions and align with a 1.5°C temperature trajectory, mining value chain actors will 

need to reduce their absolute GHG emissions by ~50% by 2030 and by ~90% by 2050 (from 2020 

levels). This equates to an average reduction rate of 4.2% per annum (from a 2020 baseline). Mining 

value chain actors are encouraged to follow the mitigation hierarchy for achieving net zero emissions: (i) 

monitor, report and set emissions reduction targets; (ii) avoid and minimize absolute emissions, (iii) 

invest in “beyond value chain mitigation” during the mitigation journey, and (iv) neutralize the remaining 

10% of hard-to-abate emissions using credible carbon removal offsets. 

A suite of cost-effective low-carbon technologies are already available for avoiding and reducing GHG 

emissions. These include energy efficiency interventions; autonomous and digital solutions; renewable 

energy (e.g., solar, wind, battery storage); fuel switching opportunities (e.g., sustainable biofuels, green 

hydrogen), and electrification solutions (e.g., battery electric vehicles (BEVs), trollies, conveyors) and 

circular economy interventions. Additional research and development is still required to scale up 

technologies such as larger electric haulage trucks, green hydrogen electrolyzers and fast charge 

technologies.  

Carbon removal offsets are critical for achieving net zero emissions, but they must not be used as a 

substitution for absolute GHG emissions reductions. While implementing low-carbon technology 

interventions will minimize absolute GHG emissions, there will inevitably be some degree of 

unavoidable, hard-to-abate residual emissions (~10% or less of 2020 levels). To reach net zero 

emissions by 2050, any residual emissions will need to be “neutralized” using credible carbon removal 

offsets.   

On their journey to net zero emissions, mining value chain actors are encouraged to mitigate additional 

environmental and socio-economic risks (beyond GHG emissions) that might stem from growing 

demand for ETMs and the transition to net zero mining value chains. Deploying low-carbon technologies 

can have unintended environmental and socio-economic consequences that need to be managed 

carefully. Unsustainable land-use change from increased mining can perpetuate the climate and 

biodiversity crises and threatens to exacerbate existing social challenges in mining regions and 

communities.  

Therefore, to support an inclusive transition to net zero mining, one that benefits all stakeholders 

because of increased demand, it is critical that value chain actors play their part in enabling a just 

transition. A just transition for copper and nickel mining value chains should be broad and governed “for 

additionality” with net-positive environmental and socio-economic outcomes for all stakeholders. Mining 

value chain actors are encouraged to maximize and ensure equitable distribution of benefits and 

opportunities resulting from the expansion of ETM mining and broader net zero transition (e.g., 

providing a healthy and sustainable environment, decent work, social dialog, and inclusion, access to 
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basic services for improving peoples’ livelihoods, health, well-being, and autonomy and resilience). 

Collaboration is needed across mining value chain actors, governments, labor, and civil society to 

collectively, and inclusively, work towards delivery of a just transition. 

Enabling a just transition to net zero mining value chains will not be without its challenges, least of 

which those associated with financing and policy and regulatory barriers. Mining value chain actors are 

encouraged to take advantage of sustainable finance opportunities and deploy sustainable finance 

instruments (like sustainability-linked bonds and loans) to kick-start their transition. Collaborating with 

governments to overcome policy and regulatory barriers is also critical.  

The mining of ETMs is the foundation of the GET. The sustainability of mining practices will, therefore, 

influence the outcome of the GET. If mining continues on a carbon-intensive BAU trajectory, it could 

undermine the energy transition and lead to an overshoot of the 1.5°C temperature target. The Roadmap 

hopes to inspire and guide an accelerated transition towards net zero emissions whilst considering 

broader ecosystem actions, such as management of ESG impacts, dealing with policy challenges, and 

securing access to sustainable finance, that are essential to support the transition to net zero.  

 



 

107 

9. APPENDIX 

9.1. Biodiversity impacts from mining activities 

Table 17: Mining value chain impacts on biodiversityccxvi 
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Terrestrial biodiversity 

Loss of ecosystems 
and habitats 

X X   X      

Loss of rare and 
endangered species 

X X   X      

Effects on sensitive or 
migratory species 

X X X    X X   

Aquatic biodiversity 

Altered hydrologic 
regimes 

X X X X X   X  X 

Altered hydrogeological 
regimes  X X X    X  X 

Increased heavy 
metals, acidity, or 
pollution 

X X X X X X  X X X 

Increased turbidity 
(suspended solids) 

X X X  X X  X  X 

Risk of groundwater 
contamination 

X X X X  X  X X X 

Air quality impacts on biodiversity 

Increased ambient 
particulates (TSP) 

X X X   X X   X 

Increased ambient 
sulfur dioxide (SO2) 

      X    

Increased ambient 
oxides of nitrogen 
(NOx) 

      X    

Increased ambient 
heavy metals 

X X X   X X   X 

Social interfaces with biodiversity 

Loss of access to 
fisheries 

X X        X 

Loss of access to fruit 
trees, medicinal plants 

X X        X 

Loss of access to 
forage crops or grazing 

 X  X  X  X  X 

Restricted access to 
biodiversity resources 

 X        X 

Increased hunting 
pressures 

X          
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9.2. Baseline ESG risk assessment for copper and nickel mining 

The Roadmap developed an ESG Risk Assessment Framework that aligns with existing ESG risk 

assessment methodologies and standards (Table 18). This framework was used to for the baseline ESG 

risk assessment of copper and nickel mining and for identifying potential ESG risks, trade-offs or co-

benefits associated with the deployment of low-carbon technology interventions. 

Table 18: ESG Risk Assessment Framework 
Metric Description 

Alignment to ESG 
frameworks 

Environmental metrics 

GHG emissions 
& Air quality 

GHG emissions, or the avoidance thereof, that contribute to climate change risks. 
Also includes impacts on air quality via air pollution. i.e., the GHG emissions and 
air quality performance of a low-carbon intervention. 

GRI, CDP, CDSB, 
ASAB, TCFD, IFC, 
ICMM, RMI, 
SDG13 

Water 
management 

Impacts on water quantity and quality, and, therefore, local water security. Also 
refers to the sustainable management of potential water-related risks. 

GRI, CDP, SASB, 
WEF, IFC, ICMM, 
RMI, SDG 6 and 
14 

Energy 
management 

Energy-use management, including clean energy sources but with a focus on 
energy efficiency/energy intensity.  

GRI, IFC, CDP, 
ICMM, RMI, SDG 
7 and 13 

Waste and 
hazardous 
materials 

The production and leakage of waste and hazardous materials into the 
environment that can cause environmental degradation and impact on human 
health, including tailings management.  

GRI, IFC, ICMM, 
RMI, SDG 12 

Ecosystems & 
Biodiversity  

Impacts to ecosystem health, the provision of ecosystem services and biodiversity 
that might result from land-use change and the leakage of waste and hazardous 
materials into the environment. This also includes issues related to mining in 
protected areas, mine-rehabilitation, and mine-closure plans.  

GRI, CDP, WEF, 
IFC, ICMM, RMI, 
SDG 14 and 15 

Biophysical 
risks from 
Climate Change 

The biophysical risks to mining value chains that result from climate change (such 
as extreme temperatures, drought, wildfires, floods, and extreme weather) and, 
therefore, includes climate adaptation and resilience.   

CDP, TCFD, 
ICMM 

Social metrics 

Health & Safety 
Impacts on health and safety of employees and communities who participate in 
mining, processing and transportation activities, and low-carbon interventions.  

GRI, SASB, WEF, 
IFC, ICMM, RMI, 
SDG 3 

Employment, 
decent work & 
livelihoods  

A broader metric that includes mine-level issues related to employment availability, 
decent work, skills development and training, worker redundancy management, 
and labor relations. It also includes broader employment and livelihood support for 
local communities and host-countries, such as local procurement and 
employment, socio-economic development plans, education contributions, and 
displacement/resettlement and post-closure livelihood planning.   

GRI, SASB, WEF, 
ICMM, RMI, SDG 
8 

Security 
Refers to the physical security of workers and communities in high-conflict areas 
(such as crime and violence), in addition to and resource security for employees 
and communities (such as food, water and energy security) 

GRI, IFC, ICMM, 
RMI, SDG 2, 6, 7 
and 16  

Human rights 

The protection of all fundamental human rights, without distinction, including the 
right to life and liberty, not to be subjected to slavery or torture, trafficked and child 
labor, freedom of opinion, movement and speech, the right to education, work, and 
a safe environment.  

GRI, ICMM, RMI, 
SDG 2, 3, 4, 5, 6, 
7, 8 and 16 

Equality, 
diversity, and 
inclusion 

Non-discrimination, inclusion and participation of all races, cultures and ethnic 
backgrounds, women, youth, and persons with disabilities in direct mine value 
chain activities or indirect activities within communities. It also includes the 
advancement of previous social metrics (such as health and safety, security, and 
human rights etc.) to all races, cultures and ethnic backgrounds, women, youth 
and persons with disabilities, such as local employment of women or supporting 
women entrepreneurship, for example.  

GRI, IFC, SASB, 
WEF, ICMM, RMI, 
SDG 1, 5 and 10 

Indigenous & 
local 
community 
relations 

Relationships and inclusive engagements with indigenous and local communities, 
including conflict/grievance management, stakeholder mapping, participatory 
social dialogue, collaboration, the protection of Free Prior and Informed Consent, 
and the preservation of social, economic, cultural, and political institutions.  

GRI, IFC, ICMM, 
RMI, SDG 16 and 
17 
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Governance metrics 

Governing 
purpose 

The acknowledgement of a company’s social and environment impacts within the 
company’s stated purpose. 

GRI, WEF, ICMM, 
RMI 

Quality & 
accountability 
of governing 
bodies 

The composition and accountability of a company’s governing body, executive and 
non-executive bodies, including their expertise and demographic composition.  

GRI, WEF, RMI 

Business ethics 
& integrity 

Includes the development and enforcement of polices and mechanisms related to: 
anti-bribery and corruption, reporting unethical or unlawful behavior, lobbying 
practices, labor and community relationships and grievance mechanisms.  

GRI, WEF, RMI, 
ICMM 

Public 
disclosures 

Public disclosures related to contracts and grants for the right to extract minerals, 
tax and financial disclosures, payment to producing countries, beneficial 
ownership, and responsible contracting and sourcing related to human rights, 
labor and environmental impacts of suppliers and contractors. This includes public 
disclosures related to environmental and social performance, such as 
environmental commitments and annual sustainability reports. 

GRI, WEF, ICMM 

Risk & 
opportunity 
oversight 

Identification, management of and response plans for material market, regulatory, 
environmental, and social risks facing a company. 

EPIC, WEF, SASB, 
ICMM, RMI 

Mine-closure & 
post-closure 
viability 

Includes both environmental mine-rehabilitation and post-closure livelihood 
viability issues. In other words, the management of post-closure transitions for 
affected ecosystems and communities, to ensure continued viability of the 
environment and their livelihoods. 

GRI, RMI 

 

Figure 36 and Figure 37 provide a summary of the baseline ESG risk assessment for copper and nickel 

respectively. In addition to an extensive literature review, the assessment utilized the 2020 Responsible 

Mining Indexccxvii results as a proxy for establishing the ESG risk baseline. It was based on copper and 

nickel mining companies with operations across the study regions (South America, central and southern 

Africa, Asia, Southeast Asia, and Asia Pacific regions). Those with copper and/or nickel operations 

outside of these locations were omitted from the assessment.  

 
Figure 36: Copper baseline ESG assessment 
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Figure 37: Nickel baseline ESG assessment 

The baseline results suggest that the negative risks associated with copper and nickel mining value 

chains outweigh any positive opportunities or benefits provided by each value chain, particularly with 

regards to social metrics. This is often the case where socio-economic benefits are experienced at a 

national level, through contributions to GDP, income, and mining rents. However, negative socio-

economic impacts are often felt at local level, through disruptions to livelihoods, increased water 

scarcity, forced resettlement and health impacts, with little access to health care.ccxviii 

While this assessment provides a generalized overview of the risks facing each value chain more 

broadly, it is not to say that individual companies are not performing better against some of these 

metrics. Further, this analysis is not intended to expose poor performance against ESG metrics but 

rather highlight those ESG risks that need to be addressed whilst transitioning to a net zero emissions, 

and those that might be reduced or exacerbated when implementing low-carbon technology 

interventions. 
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9.3. Methodology: Policy, legal and regulatory barriers assessment 

9.3.1. Regulatory and implementation environment along the value chain 

After a sound literature review of the regulatory factors surrounding mitigation technologies, this 

Chapter created a matrix of the regulatory barriers and enablers for each type of mitigation strategy for 

the seven mining countries with the largest deposits in copper, nickel, or both (Chile, Peru, Russia, 

Philippines, Indonesia, DRC, and China). For these countries, 16 indicators are measured, grouped in 

three general categories (Table 19).  

Table 19: Policy, law, and regulatory assessment indicators  
Category Indicators 

Renewable energy 
enabling framework 

Regulatory framework favorable for renewables development 

Enabling legal framework for private participation in generation (IPPs)  

Net-metering for industrial companies owning renewable energy 

Short-term target for the percentage of renewable energy in the electricity matrix  

Authorization of corporate Power Purchase Agreements (companies signing with 
third parties) 

Legal framework for 
mining and spill-overs for 
decarbonization 
interventions 

Mining code and contracts that promote emissions reductions and mitigation (no 
stabilization clauses preventing carbon taxes, no fossil fuel subsidies, and a specific 
mandate to use renewable energy to power operations) 

Community consultation processes 

Existence of biodiversity offset policy for industry based on mitigation hierarchy in 
environmental impact assessment (EIA) processes 

Best Available Techniques requirement in EIA processes 

Water policies applicable to mining that encourage recycling and zero wastewater 

Industry decarbonization 
policies 

Nationally Determined Contribution (NDC) with unconditional emission reduction 
commitments (by 2030) 

Biofuel blending standards applicable to industry vehicles  

Green hydrogen policy  

Public support to R&D in clean processes 

Minimum energy performance standards (MEPS) for industry (vehicles, buildings, 
machines) 

Financial or fiscal incentives for energy-efficient equipment 

Carbon price 

The analysis selected six indicators to track: (1) commitment to net zero by 2050, (2) carbon pricing 

regulations, (3) percent of waste recycled, (4) existence of a national law for waste management, (5) 

existence of a national agency to enforce waste management laws, and (6) a climate policy score. 

These data come from known net zero commitments, World Bank climate pricing information, the 

Climate Change Performance Index, and the World Bank data catalogue. We also characterize the state 

of recycling in these countries given its importance for decarbonization in these stages. 

The analysis also accounted for international legal instruments on investment and trade— notably 

agreements at the World Trade Organization (WTO), bilateral investment treaties (BITs), and free trade 

agreements (FTAs)— which can or do work as decarbonization barriers or enablers. While some 

international instruments have a global, cross-cutting nature (WTO law, soft-law norms), others vary 

depending on the country or countries analyzed (BITs and FTAs). These international legal factors can 

or do affect multiples steps of the value chain from mining to finished products and, depending on the 
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low-carbon interventions being assessed, pertain to all relevant aspects (social, environmental, 

economic, trade, etc.). 

9.3.2. Analysis of regulatory and implementation challenges and opportunities 

Each of the seven selected copper and nickel mining countries were graded according to whether they 

had enabling or discouraging regulatory factors. Grading was based on a scale of 1 to 5, with 1 being 

significantly discouraging and 5 being significantly enabling.  

Summary of scoring:  

1. There is no current action toward or existence of the indicator 

2. There is no current action toward or existence of the indicator 

3. There is current action and existence of the indicator. However, there is minimal progress 

towards achieving the indicator within the given country, 

4. There is current action and existence of the indicator. Additionally, there is major progress 

towards achieving the indicator with only minor problems and concerns, 

5. There is current action and existence of the indicator. Additionally, the indicator has been fully 

achieved within the given country. 

Each of the grades for domestic policy and regulation are then totaled into a final score for each country 

in the range of 0 and 85, with 85 being the highest possible score. Countries below the score of 50 are 

highlighted in red, while score between 50 and 70 are yellow and above 70 is shown in green. The 

scoring was  

For smelting countries, indicators are scored on a scale from 0 to 10, with 0 being significantly resistant 

to decarbonization and 10 being fully committed to decarbonization. Scoring indicators for smelting 

countries include a scale of 0 to 1 for all indicators except for total percent of waste recycled and 

climate policy scores, which are out of 2 and 4 points, respectively.   

Each mining and smelting country, scored accordingly, was placed in a heat map to provide an overview 

of current policy status on copper and nickel mining and smelting operations. Smelting countries are 

colored according to their score between 0 and 10 while mining countries have call out boxes with their 

total score.   

9.3.3. International trade and investment architecture 

Where the international legal framework works as a significant discouraging factor for decarbonization, 

or where it represents opportunities to enable decarbonization that are either partially or entirely missed, 

it is strongly recommended that countries come together and redesign applicable international rules. 

Considerations on barriers and enablers resulting from the international legal framework cannot be put 

on a heat map, given the application of that framework across various countries. Accordingly, the 

analysis is summarized in two synthesis tables. The first characterizes how the international legal 

framework on trade and investment may work as decarbonization barriers, as well as identifies how 

countries may remove those barriers. The second synthesis table identifies enablers that are or could be 

present in international legal instruments, presents reasons why each enabling measure identified does 

or could enable decarbonization, and outlines how countries can strengthen the measure, when it is in 

place, or to enact it, when it is absent. 
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