
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

A 1.5°C-ALIGNED TRAJECTORY 
AND TARGET-SETTING METHODOLOGY 

FOR THE COPPER SECTOR 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

December 16, 2025 
 



 

 

 

Acknowledgements 
 
The report A 1.5°C-aligned Trajectory and Target-setting Methodology for the Copper 
Sector was prepared by Sravan Chalasani and Lachlan Wright at the RMI (founded as 
Rocky Mountain Institute) in collaboration with The Copper Mark. 
 
We thank all the experts and stakeholders from across the copper supply chain 
including representatives from copper mining companies, manufacturers as well as 
standard setters and civil society organizations that contributed their valuable 
knowledge to various aspects of this report. 
 
This project was possible thanks to a grant from the ISEAL Innovations Fund, which is 
supported by  
 

 
Disclaimer: The views expressed in this publication are those of the author(s) and do 
not necessarily represent those of the ISEAL Secretariat, ISEAL members, or donor 
entities to the ISEAL Innovations Fund. 
 
 

  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Rocky Mountain Institute (RMI) is an independent, nonpartisan 
nonprofit founded in 1982 that transforms global energy 
systems through market-driven solutions to secure a 
prosperous, resilient, clean energy future for all. In 
collaboration with businesses, policymakers, funders, 
communities, and other partners, RMI drives investment to 
scale clean energy solutions, reduce energy waste, and boost 
access to affordable clean energy in ways that enhance 
security, strengthen the economy, and improve people’s 
livelihoods. RMI is active in over 50 countries.  

https://www.isealalliance.org/innovations-standards/iseal-innovations-fund


                                            

© 2024 The Copper Mark Company. All Rights Reserved. The Copper Mark, company number 12370476, registered at C/O Bishop Fleming Llp, 10 North Place, 

Cheltenham, United Kingdom, GL50 4DW. 

 

1 

 

 
 
 
 

Table of Contents 
 
Executive Summary ………………………………………………………………………… 2 

Definitions ……………………………………………………………………………………. 3 

Background and Context ………………………………………………………………....... 3              

Overview of SDA Development Process …………………………………………………. 5 

Copper Sector Specific 1.5°C – Aligned Emissions Intensity Trajectory ……………... 8            

Boundaries and Scope ………………………………………………………. 8 

Calculation of Copper Emissions Intensity Trajectories ………………… 12 

Variables considered for consumption forecast …………………………. 27 

Copper Target-Setting Methodology ……………………………………………………. 28 

Company-Level Trajectory Calculation Approaches ……………………. 29 

Target Setting for Different Company Types …………………………….. 32 

GHG Accounting Guidelines ………………………………………………. 34 

Target Setting for Individual Assets ………………………………………. 36 

Conclusion …………………………………………………………………………………. 37 

Appendices ………………………………………………………………………………… 38 

End Notes ………………………………………………………………………………….. 49 

 

 



                                            

© 2024 The Copper Mark Company. All Rights Reserved. The Copper Mark, company number 12370476, registered at C/O Bishop Fleming Llp, 10 North Place, 

Cheltenham, United Kingdom, GL50 4DW. 

 

2 

Executive Summary 
 
Copper is an important metal necessary for the global energy transition. It is essential 
for renewable energy technologies, electric vehicles (EVs), and electricity transmission 
infrastructure. With demand expected to more than double by 2050, driven by clean 
energy adoption, the copper sector faces the dual challenge of increasing production 
while reducing greenhouse gas (GHG) emissions to align with the 1.5°C climate target. 
The copper sector currently contributes to 0.2% of global GHG emissions. This value 
could exceed 2% by 2050 without targeted interventions.  
 
To address this, RMI (founded as Rocky Mountain Institute) and the Copper Mark, in 
collaboration with industry and non-industry stakeholders, developed a sectoral 
decarbonization approach (SDA) to GHG target setting for copper companies. The SDA 
outlined in this report can be used by copper companies for setting science-based 
emissions reduction targets. Therefore, this report can be an optional guidance for 
implementing the requirements of criterion 27 (“Greenhouse Gas Emissions 
Reductions”) of the Copper Mark Criteria for Responsible Production. The key aspects 
of the SDA include: 
 

• Emissions Reduction Pathways: Sector-specific 1.5°C-aligned emissions 
intensity trajectories for primary and recycled copper production. 

 

• Target-Setting Methodology: Detailed guidelines for company-level GHG 
target-setting based on the 1.5°C-aligned trajectories. 
 

The SDA consists of two key production boundaries — Mining to Cathode and Mining to 
Fabrication — enabling consistent and transparent emissions tracking and target-setting 
for companies with diverse operations. The SDA outlined in this report also has 
information related to GHG accounting and target-setting for different types of 
companies against the two boundaries. The SDA has been developed through a multi-
stakeholder engagement process, including feedback from the Technical Working 
Group (TWG), which included industry representatives, experts, and other stakeholders.  
 
The accompanying GHG Target Setting Tool enables companies to calculate 1.5°C-
aligned emissions reduction targets based on the developed trajectories. The copper 
SDA development is a crucial first step in aligning the copper sector with global climate 
goals. This report and the associated data analyses are based on available data 
before December 2025. Various copper industry stakeholders were consulted to 
ensure that the analysis and assumptions reflect the most recent developments with 
respect to specific emissions sources and potential decarbonization technologies. As 
these emissions and technologies continue to evolve, the SDA will need to be 
regularly reviewed and updated to ensure it continues to align with the best 
available data. Updates to the SDA can also be considered if there are substantive 
changes to global climate ambition (e.g., Paris Agreement or associated Nationally 
Determined Contributions). This better data and continued stakeholder collaboration will 
improve the copper SDA and can guide the sector into a sustainable, low-carbon future. 
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Definitions 
 
A few words like “shall”, “should”, “can” are used in this report. Here, we provide some 
clarification on how these words are to be interpreted in the context of this report. Any 
guidelines that follow the word “shall” indicate rules that are mandatory. The word 
“should” implies guidelines that are recommended but not mandatory. The word “can” is 
used in the context of rules that are neither mandatory nor strictly recommended but are 
nevertheless valid and acceptable.  
 

Background and Context 
 
Copper is an important metal necessary for the global energy transition, serving as a 
critical material for enabling renewable energy technologies and electrification. Its 
application spans electric vehicles (EVs), solar and wind power systems, and the 
associated electricity transmission infrastructure. Due to its unique properties, such as 
high conductivity, copper is indispensable to achieving a low-carbon future. This global 
shift toward a net-zero emissions future is expected to result in a substantial rise in 
copper demand. By 2050, this demand is projected to more than double from 2020 
levels, driven primarily by the deployment of clean energy technologies and the 
widespread adoption of electric mobility.1 This growth presents a significant dual 
challenge for the copper sector — meeting the increased production requirements while 
simultaneously reducing greenhouse gas (GHG) emissions in line with keeping the 
global temperature rise below 1.5°C. 
 
Currently, the copper sector accounts for approximately 0.2% of global GHG emissions. 
Without targeted interventions, this share could increase to over 2% by 2050 as 
production increases to match surging demand.2 Despite its pivotal role in the energy 
transition, the copper industry lacks a 1.5°C-aligned emissions reduction trajectory. This 
contrasts with sectors such as steel and aluminum, which have established science-
based decarbonization trajectories and methods to set company-level GHG reduction 
targets against the decarbonization trajectories. Moreover, criterion 27 of the Copper 
Mark Criteria for Responsible Production (“Greenhouse Gas Emissions Reductions”) 
states that copper sites are expected “to set ambitious but credible science-based goals 
and quantitative targets for climate action which are either in line with the Paris 
Agreement or are part of a corporate-level target that is in line with the Paris 
Agreement.”3 There are a few international frameworks and guidance documents 
provided as references to satisfy the requirements of criterion 27 on science-based 
target setting. However, none of them are specific to the copper sector. The lack of a 
standardized approach for copper producers to set 1.5°C-aligned emissions reduction 
targets is a gap that must be addressed to align the copper sector with global climate 
objectives. 
 
RMI, in partnership with the Copper Mark, has been working closely with industry and 
non-industry stakeholders to address the gap in the copper sector by developing a 
Sectoral Decarbonization Approach (SDA) to GHG target setting for copper companies. 
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The SDA consists of sector-specific emissions intensity trajectories for primary and 
recycled copper production and an associated methodology to set company-level 
targets based on the trajectories.  
 

 
This report, which details the SDA, builds upon the earlier scoping phase, which began 
in late 2023 with a comprehensive review of existing decarbonization roadmaps for the 
copper sector. There were also interviews with expert stakeholders regarding the 
necessity and key issues of copper SDA development. These efforts culminated in the 
report titled ‘Decarbonizing the Copper Sector - Discussion Topics and Considerations 
for a 1.5°C-aligned Trajectory and Target-Setting Methodology’ published in April 2024.4 
 
The report emphasized that to develop an effective copper-specific SDA, while taking 
into account the sector's growth requirements and technological complexities, it is 
essential to address the following critical challenges: 
 

• Define a consistent scope and emissions boundary that balances the dual 
goals of comprehensive GHG emissions coverage and ease of target-setting for 
different companies with varying levels of vertical integration. 
 

• Account for differences in production routes, particularly the differences in 
emissions profiles of hydrometallurgical and pyrometallurgical processes. 
 

• Integrate the role of recycled materials usage as a key decarbonization 
strategy, while also ensuring that the need for decarbonization of primary copper 
production is included (especially given near-term growth in primary copper 
production). 
 

• Standardize methods for managing co-product/by-product emissions and 
emissions credits by resolving the variability in current accounting and 
allocation methodologies. 
 

• Consider the impact of regional policies, which play a crucial role in shaping 
company-specific target types and ambition levels across different locations. 
 

• Consider uncertainties in decarbonization technologies such as cost, 
availability, and implementation timelines, ensuring alignment with a 1.5°C 
emissions reduction pathway. 
 

This report can potentially be a useful guidance for implementing the requirements 
of criterion 27 of the Copper Mark Criteria for Responsible Production. However, the 
use of SDA outlined in this report to fulfil the requirements of criterion 27 of the 
Copper Mark’s Responsible Production Criteria is optional. Companies are free to 
use other science-based target setting frameworks to set targets if those frameworks 
are in line with the Paris Agreement. 
 

https://coppermark.org/wp-content/uploads/2024/05/CopperMark_DecarbonizingTheCopperSector_2024.04.18.pdf
https://coppermark.org/wp-content/uploads/2024/05/CopperMark_DecarbonizingTheCopperSector_2024.04.18.pdf
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• Adopt an open and consultative process to develop a comprehensive, 
inclusive, and robust SDA tailored to the copper sector. 

 
 
After the completion of the scoping phase and the release of the initial report, SDA 
development focused on addressing each of the above items. This phase built upon 
existing roadmaps and incorporated additional analyses to address sector-specific 
challenges and support effective target-setting. Stakeholder engagement was a critical 
component of the SDA development, with industry and non-industry experts convened 
to assess different proposals for emissions intensity trajectory development, provide 
essential feedback, and contribute to the design of a robust target-setting methodology. 
This collaborative process ensures that the SDA is both comprehensive and customized 
to the copper sector's requirements. This report details the results of this work and how 
the SDA can be applied. The next section has a brief description of the Copper SDA 
development process, the various stakeholder sessions, and the key topics discussed. 
This is followed by a description of the copper sectoral 1.5°C-aligned trajectory 
development, the boundaries chosen, and the variables affecting the trajectories. In the 
final section, the company-level target setting methodology, including how targets can 
be set for different types of companies, some GHG accounting guidelines, and a brief 
description of the Excel tool accompanying this report, along with some illustrative 
examples, is presented.  
 

We aim for the SDA to be a significant step in aligning the copper sector with global 

climate targets. By adopting an emissions intensity reduction trajectory and company-

level target-setting methodology, the sector will be well-positioned to progress toward a 

1.5°C-aligned future. 

 

Overview of SDA Development Process 
 
The SDA Development Process is led by the Copper Mark and informed by its Standard 
Setting Procedure.5 The underlying technical analysis and drafting of the SDA was 
undertaken by RMI.  The project received funding from the ISEAL Innovations Fund,6 
which is supported by the Swiss State Secretariat for Economic Affairs SECO, as well 
as matching funding from copper producer companies. 
  

A Technical Working Group (TWG) is convened by the Copper Mark and RMI to gather 

feedback and analytic input to inform the SDA development. The TWG aimed to cover a 

broad and diverse group of stakeholders including copper producers, manufacturers of 

semi-finished copper products, mining and metal industry bodies/standard setters, 

academia, and other relevant stakeholders (see Exhibit 1).  

 

 

 

 

 

https://coppermark.org/wp-content/uploads/2021/05/TheCopperMark_StandardSettingProcedure_22APR2021_FINAL.pdf
https://coppermark.org/wp-content/uploads/2021/05/TheCopperMark_StandardSettingProcedure_22APR2021_FINAL.pdf
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Exhibit 1: Members of the Copper SDA Technical Working Group (TWG) 
 

Aluminium Stewardship Initiative Freeport Mc-MoRan 

Anglo American Glencore 

Antofagasta Minerals International Council on Mining and 
Metals 

Arizona State University LAPP group 

BHP Natural Resources Canada 

Brugg Cable NKT Cable 

Carbon Trust Southwire Company 

Codelco Teck Resources Limited 

Columbia Centre on Sustainable 
Investment 

United Nations Industrial Development 
Organization (UNIDO) 

CRU group  

 
Note that this work reflects the views of the authors but does not necessarily reflect 
those of any individuals that provided feedback or input.   
  
Four main TWG sessions took place from July to November 2024, where discussions 
were focused on various topics related to the copper SDA development ranging from 
boundaries for the emissions trajectory to different approaches for company-level target 
setting. Three additional TWG sessions were organized between January and May 
2025. Public consultation for an initial draft of the SDA took place between June 17 and 
August 17, 2025. A final TWG session occurred in September 2025 where key feedback 
from the public consultation was discussed. Key inputs received from each TWG 
session were incorporated into the current version of the copper SDA (see Exhibit 2).  
 
Exhibit 2: TWG Sessions and Key Feedback 
 

Discussion topic Key Feedback/Outcome 

Session 1: Scope and Boundaries Set cradle-to-gate boundaries for both 
copper cathode and semi-finished 
fabricated products  

Include concentrate transport within the 
boundary  

Provide more detail on inclusions for 
semi-fabrication boundary 

Session 2: Emissions Baselines and 
Demand 

Utilize a hybrid approach taking elements 
from 1.5°C aligned global trajectories to 
model an equivalent outcome for copper 
as the direct proportional approach was 
not realistic or feasible 

Demand scenario should reflect likely 
high growth need for a 1.5°C outcome 
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Discussion topic Key Feedback/Outcome 

Session 3 & 4: Emissions Trajectory & 
Target Setting 
 

Emissions intensity by source was 
adopted for links to 1.5°C global models 
to avoid dependency on demand scenario 
assumptions 

Sector specific approach for haulage is 
needed 

Grid intensity to be based on country 
specifics 

Target setting based on overall 
convergence approach 
 

Session 5 & 6: Initial feedback on 
trajectories for different emissions 
categories  
 

Updated the “Mining Haulage” trajectory 
based on member feedback. Considered 
different classes of trucks for 
underground and open pit mine 
archetypes while updating the haulage 
trajectory 

Provided more clarity on GHG accounting 
and target setting for companies 

Session 7: Further updates to 
trajectories for different emissions 
categories  
 

Incorporated various assumptions from 
the “Enablers for Decarbonization of 
Copper Production” study commissioned 
by ICA. Updated the “Mining Haulage” 
trajectory based on these improved 
assumptions 

Public Consultation (June 17 – August 17, 2025) 

Session 8: Synthesis of feedback from 
public consultation 
 

Provided a summary of the feedback 
received during public consultation and 
how the feedback was addressed. 

A key topic of discussion was around 
separate targets for the “core boundaries” 
and indirect emissions categories. More 
flexibility was provided for companies to 
set non-emissions metrics for indirect 
emissions categories 
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Copper Sector Specific 1.5°C – Aligned Emissions Intensity Trajectory  
 
Boundaries and Scope 
The modeling of a 1.5°C-aligned emissions intensity trajectory(s) is a key aspect of a 
SDA development. Given the fragmented nature of the copper value chain and varying 
levels of vertical integration at different copper sites and companies, it is useful to have 
consistent boundaries against which the copper sectoral emissions intensity trajectories 
are calculated. The copper decarbonization trajectories were developed for the following 
two boundaries; 
 

• Mining to Cathode boundary, 

• Mining to Fabrication boundary 
 
The production processes in these two boundaries represent almost all the emissions 
from the copper sector. Depending on the copper company type, the emissions intensity 
targets for the company shall be set against either of these fixed boundaries. For the 
calculation of the emissions intensity trajectory, the emissions from mining to the final 
production process in the respective boundaries are included. Similarly, for company-
level target setting, the emissions from mining to the relevant final process shall be 
included. This cradle-to-gate approach to developing the trajectory and target-setting 
methodology has been used in other SDAs (e.g., SBTi’s Steel Science-Based Target-
Setting Guidance, ASI Entity GHG Pathways Method).7  
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Exhibit 3: Boundaries for the Copper SDA 
 

 
 

Mining to Cathode boundary 
 
This boundary includes all the major production processes from copper ore mining to 
cathode manufacturing. The processes in both the pyrometallurgical route (ore 
concentration, smelting, anode casting, electrorefining) and the hydrometallurgical route 
(leaching, solvent extraction, electrowinning) are included in the boundary. So are 
processes like secondary smelting, anode casting, and secondary electrorefining from 
which recycled copper cathodes are made. Processes like scrap collection and sorting 
are not included in this boundary (see Exhibit 3). Processes like concentrate drying, 
sulphuric acid production (from treating SO2 gas from smelting), slag cleaning, spent 
electrolyte treatment, recovery of lead/tin/selenium/zinc oxide, recovery of 
gold/silver/other precious metals that occur at copper cathode manufacturing 
companies are included in the boundary. Emissions from auxiliary systems (e.g., on-site 
waste water treatment), on-site steam generation are also included in the boundary. 
The production of copper cathodes especially from a wide variety of low-grade scrap 
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inputs results in some “process GHG emissions” (i.e., GHG emissions from chemical 
reactions of carbon in the input materials as opposed to GHG emissions from the 
combustion of carbon in fuel inputs). These “process GHG emissions” are also included 
in the boundary.     
 
Emissions from all these processes that are part of the boundary are considered while 
developing the decarbonization trajectory for the mining to cathode boundary. This 
includes all direct emissions and electricity consumption-related emissions as well as 
some indirect emissions and concentrate transportation emissions. The indirect 
emissions and concentrate transportation emissions included in the mining to cathode 
boundary are mapped to their typical Scope 3 categories in Exhibit 4.  
 
Exhibit 4: Categories of Indirect Emissions and Concentration Transportation Emissions 
 

Emissions categories Details 
GHG Protocol 

Scope 3 categories 

Extraction and production of 
certain purchased goods 

Purchased goods include but 
not limited to explosives, 
chemicals, sulfuric acid, 

oxygen, and other auxiliary 
materials 

Scope 3 category 1 

Extraction and production of 
purchased fuels used in 

copper production processes 
and used in generation of 

purchased 
electricity/purchased steam 

Fuels include coal, natural 
gas, diesel, gasoline, biofuels, 

and others 
Scope 3 category 3 

Concentrate Transportation 

Emissions from transportation 
of copper concentrates from 

concentrate producers to 
copper smelters 

Scope 3 category 4 
(for copper smelters) 

 
Scope 3 category 9 

(for concentrate 
producers) 

 

 
 
While calculating the baseline emissions intensity and setting GHG intensity targets 
against the mining to cathode boundary, companies shall include the direct emissions 
and electricity consumption-related emissions of the various copper production 
processes in the boundary along with indirect emissions from various categories 
outlined in Exhibit 4 as well as concentrate transportation emissions. To avoid double-
counting, companies shall ensure that the calculated indirect emissions have not been 
included elsewhere in the direct emissions and electricity consumption-related 
emissions within the boundary. Companies shall include “process GHG emissions” (i.e., 
GHG emissions from chemical reactions of carbon in the input materials) from the 
smelting of recycled copper while calculating their baseline emissions intensities for 
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target setting. Some companies use purchased blister copper and purchased anodes in 
their copper cathode manufacturing. The cradle-to-gate emissions associated with the 
purchased blister copper and purchased anodes shall be included in the baseline 
emissions intensity calculation for the mining to cathode boundary.  
  

 

Mining to Fabrication boundary 
 
The Mining to Fabrication boundary includes all the processes that are a part of the 
Mining to Cathode boundary and the processes involved in the fabrication of semi-
finished products. Here, “fabrication” refers to processes like melting, casting, and other 
metal working processes like drawing, extrusion, hot rolling, cold rolling. “Semi-finished 
products” includes products like copper wire, rod, tube, sheet, plate, strip, castings, 
powder or other shapes (see Exhibit 3).  
 
A decarbonization trajectory is developed for the mining to fabrication boundary as well, 
based on emissions from the various production processes that are part of the 
boundary. These emissions include all direct emissions and electricity consumption-
related emissions as well as indirect emissions from the different categories outlined in 
Exhibit 4. Although there are lots of different types of semi-finished copper products with 
different emissions intensity profiles, separate decarbonization trajectories have not 
been developed for the various kinds of semi-finished products. This is because of 
inadequate emissions data for different types of semi-finished products and to reduce 
complexity in the trajectory development.  A general trajectory was developed based on 
overall fabrication emissions and total amount of semi-finished products.  
 

Option for separate target setting for different emissions categories  
 
We acknowledge that companies can face challenges related to collecting emissions 
data associated with the extraction and production of purchased goods and fuels 
from their suppliers. Such emissions data can also be hard to calculate due to the 
lack of appropriate emission factors for these upstream processes. Given these 
challenges, this SDA gives companies an option to set GHG intensity targets for the 
mining to cathode core boundary. This core boundary excludes emissions from the 
production of purchased goods and fuels but includes emissions from concentrate 
transportation. If companies use this core boundary to set % reduction targets for 
GHG intensity, they shall set separate targets to address emissions from the 
production of purchased goods and fuels. These separate targets for purchased 
goods and fuels can be based on emissions intensity metrics or non-emissions-
based metrics. Information related to the emissions trajectories for the mining to 
cathode core boundary and the purchased goods and fuels category is provided in 
the section on “Calculation of Copper Emissions Intensity Trajectories” later in the 
report. Information on non-emissions metrics for the purchased goods and fuels 
category is also mentioned in the “Calculation of Copper Emissions Intensity 
Trajectories” section.            
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All the copper companies for which this boundary is relevant (i.e., companies with some 
fabrication processes) shall consider emissions from the various production processes 
in this boundary along with the relevant indirect emissions while setting GHG intensity 
targets against the mining to fabrication trajectory.  
 
 

 
In summary, the mining to cathode boundary and the mining to fabrication boundary are 
selected to encompass the relevant Scope 1 and 2 emissions for companies involved in 
the copper production value chain as well as the most relevant Scope 3 emissions.   
 
Calculation of Copper Emissions Intensity Trajectories 
 
Global 1.5°C-aligned decarbonization models like the International Energy Agency Net 
Zero by 2050 model published in 2021 (IEA NZE 2021) include sector-specific models 
for large industrial sectors like steel, aluminum, chemicals, and others.8 Based on a 
1.5°C-aligned global carbon budget, separate sectoral carbon budgets (reflecting the 
relative abatement costs) are assigned to these individual sectors, like steel and 
aluminum. These sectoral budgets, combined with expected production levels for each 
commodity, set sector-specific 1.5°C-aligned emissions intensity trajectories. However, 
these global models do not extend to the detail of including copper-specific emissions 
sources and abatement costs.  
 
Therefore, an alternative approach to calculating a 1.5°C-aligned emissions intensity 
trajectory for the copper sector has been used. First, the current copper sectoral 
emissions are segmented by individual emissions sources (like mine haulage, 
electricity, industrial heat etc.,). Then, the associated energy consumption and activity 
data (e.g., kWh of electricity per tonne of copper or tonne-km of haulage per tonne of 
copper) for each of these sources is projected to 2050. These consumption intensities 
are then combined with emissions intensities for the associated source derived from 

Option for separate target setting for different emissions categories  
 
The challenges around data collection/calculation for emissions from purchased 
goods and fuels production remain for the mining to fabrication boundary as well. 
Therefore, flexibility has been provided for companies to set SDA targets within the 
mining to fabrication boundary as well. Companies have the option to set GHG 
intensity targets for the mining to fabrication core boundary (which excludes 
emissions from the production of purchased goods and fuels). If companies use this 
core boundary to set % reduction targets for GHG intensity, they shall set separate 
targets to address emissions from the production of purchased goods and fuels. 
These separate targets for purchased goods and fuels can be based on emissions 
intensity metrics or non-emissions-based metrics. Refer to the sections on 
“Calculation of Copper Emissions Intensity Trajectories” later in the report for more 

information on this.  
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global 1.5°C-aligned models to determine the emissions intensity of copper production. 
This “hybrid approach” enables the incorporation of techno-economic limitations to the 
decarbonization trajectories of various individual emissions sources. It also ensures that 
the individual emissions sources are still aligned to global 1.5°C reduction pathways. 
Based on this hybrid approach, 1.5°C-aligned mining to cathode decarbonization 
trajectories are developed (see Exhibit 5). 
 
Exhibit 5 shows that, in a 1.5°C-aligned trajectory, the mining-to-cathode emissions 
intensity for primary copper production (light orange line in Exhibit 5) would need to 
decrease 30% by 2030, 68% by 2040, and 91% by 2050 compared to a 2020 baseline.  
 
Exhibit 5: 1.5°C-aligned Mining to Cathode Decarbonization Trajectories  
   

 
 
To develop these mining to cathode trajectories, first the baseline (i.e., for 2018) 
emissions data for the copper sector was collected. The baseline emissions data was 
taken from the International Copper Association’s Pathway to Net Zero report (ICA 
2023).9 The baseline emissions are provided for various production processes like 
mining, concentration, cathode production (both the hydrometallurgical route and the 
pyrometallurgical route), and transportation (see Exhibit 6). Other than transportation, 
emissions from all the other processes are further separated into their individual 
components like direct emissions, emissions related to electricity consumption, and 
indirect emissions associated with each process. This baseline emissions data and their 
components are assigned to seven broad emissions categories like Mining Haulage, 
Electricity (Mining/Electrowinning), Electricity (Smelting/Electrorefining), Industrial Heat  
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(Concentration/Smelting), Process Emissions (Smelting), and Concentrate 
Transportation. All the other indirect emissions associated with various processes are 
categorized as “Indirect Emissions”. 
 

 

Instead of developing a single global trajectory for cathode production, separate 
trajectories were developed for a cathode produced using primary copper (light 
orange line in Exhibit 5) and recycled copper (grey line in Exhibit 5) separately. 
These trajectories are not meant to imply that there are copper cathodes made with 
100% primary inputs or 100% recycled inputs. They are also not meant to imply that 
companies must reach specific emissions intensity values shown in either of these 
trajectories. Different companies produce copper cathode with different recycled 
content. The separate trajectories for primary copper cathodes and recycled copper 
cathodes are convenient to calculate specific trajectories and targets for different 
companies based on variables specific to each company (like baseline emissions 
intensity and recycled content). The various details regarding company-level target 
setting are described in a later section.   
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Exhibit 6: Mapping of Production Process in the ICA Report (for Mining to Cathode 
Boundary) to Different Emissions Categories 
 

Production Process Emissions Type 

Mining 

Direct 

Electricity 

Indirect 

Concentration 

Direct 

Electricity 

Indirect 

Cathode Production – 
Hydrometallurgical 

Route (SX-EW) 

Direct 

Electricity 

Indirect 

Cathode Production – 
Pyrometallurgical 
Route (Smelting/ 
Electrorefining) 

Direct 

Electricity 

Indirect 

Transportation Concentrate Transportation 

 
 
 
Separate 1.5°C-aligned emissions intensity trajectories are calculated for each of these 
seven categories. Additional details and assumptions related to the trajectories for the 
seven emissions categories are presented in Exhibit 7.   
 
Exhibit 7 shows which emissions categories are assigned to primary and recycled 
copper production. The baseline emissions from the “Mining Haulage”, “Electricity 
(Mining/Electrowinning)”, “Concentrate Transportation” emissions categories are 
assigned to primary copper production. The contribution of recycled copper production 
to the baseline emissions from ICA is not readily available. Therefore, unit energy 
consumption (for industrial heat) and unit electricity consumption data for recycled 
copper cathode production was taken from peer-reviewed literature to estimate the 
baseline emissions from recycled copper for the Electricity (Smelting/Electrorefining) 
and Industrial Heat (Concentration/Smelting) emissions categories.10 The baseline 
process GHG emissions from recycled copper was also estimated based on data from 
ICA. From this, the baseline emissions for primary copper for the Electricity 
(Smelting/Electrorefining) and Industrial Heat (Concentration/Smelting) emissions 
categories was calculated. The baseline emissions from the “Indirect Emissions” 
category are assigned to primary and recycled copper production accordingly.  
 
From this, the baseline primary and recycled copper emissions intensities are 
calculated. Then, by using the 1.5°C-aligned trajectories for the individual emissions 
categories, the 1.5°C-aligned trajectories for the different primary copper components 
and recycled copper components are calculated. The separate emissions intensity 
trajectory components are then rolled up to calculate the primary copper trajectory and 
the recycled trajectory. 

Emissions Categories 

Mining  

Electricity 
(Mining/Electrowinning) 

Electricity 
(Smelting/Electrorefining) 

Industrial Heat 
(Concentration/Smelting) 

Process Emissions 
(Smelting) 

Concentrate 
Transportation 

Indirect Emissions 
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Exhibit 7: Assumptions for the Mining to Cathode Decarbonization Trajectories 
 

Emissions categories 
Description of 1.5°C-

aligned trajectory 

Primary 
Copper 

Trajectory 

Recycled 
Copper 

Trajectory 

Mining Haulage Based on a stock-
replacement model of 
copper mining 
haulage trucks 
(developed by RMI 
based on some 
assumptions from 
ICA-Hatch copper 
decarbonization 
analysis) 

 

 

Electricity 
(Mining/Electrowinning) 

Based on copper mine 
production-weighted 
grid trajectories from 
IEA NZE 2021, 
IPCC11 

 

 

Electricity 
(Smelting/Electrorefining) 

Based on copper 
smelter production 
weighted 
grid trajectories from 
IEA NZE 
2021, IPCC12 

  

Industrial Heat 
(Concentration/Smelting) 

Based on proxy data 
from the International 
Aluminum Institute's 
1.5°C pathway for 
aluminum production 
(derived from IEA 
values)13 

  

Process Emissions 
(Smelting) 

Assumed no changes 
in emissions intensity 
of process GHG 
emissions through 
2050 due to lack of 
technically feasible 
solutions to remove 
low-concentration 
process GHG 
emissions   
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Emissions categories 
Description of 1.5°C-

aligned trajectory 

Primary 
Copper 

Trajectory 

Recycled 
Copper 

Trajectory 

Concentrate Transportation Based on 
“Shipping“ and 
“Trucks” in IEA NZE 
202114 

 
 

Indirect Emissions Applied absolute 
emissions reduction 
(%) 
from “Industry” 
category in IEA NZE 
2021 in 
conjunction with future 
copper production 
values to get indirect 
emissions trajectory15 

  

 
 
 

 
 

Option for separate target setting for different emissions categories  
 
As mentioned previously, to provide more flexibility for copper companies to set GHG 
targets, this SDA provides the option to companies to set GHG intensity targets for 
the mining to cathode core boundary (which excludes purchased goods and fuels 
related emissions) and set separate targets to address emissions from the production 
of purchased goods and fuels. Exhibit 8a shows separate decarbonization 
trajectories that were calculated for primary and recycled copper by excluding 
emissions from purchased goods and fuels production. These trajectories will be 
used when companies want to set GHG intensity targets for the mining to cathode 
core boundary. Exhibit 8b shows the decarbonization trajectories for the purchased 
goods and fuels categories (“indirect emissions”). These trajectories will be used for 
companies to set emissions intensity-based targets for purchased goods and fuels 
related emissions. Exhibit 8a shows that for the mining to cathode core boundary, the 
emissions intensity for primary copper production would need to decrease 22% by 
2030. This value is higher (30% by 2030) when purchased goods and fuels related 
emissions are not excluded from the mining to cathode boundary (see Exhibit 5).   
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Companies also have the option to use non-emissions metrics to set targets for the 
purchased goods and fuels categories. One of these metrics is “% net-zero aligned 
procurement spend”. It measures how much % of procurement spend of a company 
goes to net-zero aligned suppliers of purchased goods and fuels. Suppliers are said 
to be “net-zero aligned” if they have set 1.5oC-aligned science-based targets and 
striving towards achieving those targets. If companies choose this metric, their % net-
zero aligned procurement spend shall reach 100% by 2050. For any intermediate 
year, the target will be calculated based on a linear extrapolation to 100% by 2050 
compared to the baseline year.  
 

 
 
Another metric that companies can use is “% net-zero aligned procurement spend for 
suppliers responsible for emissions-intensive activities”. For this metric, a company 
would take the portion of procurement spend that goes towards emissions-intensive 
activities (e.g., procurement of steel, chemicals). Then the company would calculate 
the % of this procurement spend that is net-zero aligned. If companies choose this 
metric, their target shall be for this metric to reach 100% by 2030. For any 
intermediate year, the target will be calculated based on a linear extrapolation to 
100% by 2030 compared to baseline year. 
 

 
 
The two non-emissions metrics described above and the definitions of various terms 
have been taken from SBTi’s draft Corporate Net-Zero Standard v2.0 published in 
March 2025. Table D.4 of the draft SBTi standard (of March 2025) provides a list of 
emissions-intensive activities that are applicable to companies in most sectors of the 
economy. Of these activities, the procurement of steel (used as a grinding media), 
procurement of chemicals (used in various steps along the copper production 
process) have been identified as the most relevant for the mining to cathode 
boundary in the copper sector. For further clarification on “emissions-intensive 
activities” or determining “net-zero alignment” of suppliers, companies should refer to 
SBTi’s draft Corporate Net-Zero Standard v2.0 (or final standard when it is available). 
Companies can also use other relevant “alignment” metrics in SBTi’s draft Corporate 
Net-Zero Standard v2.0 (or the final published standard) for setting targets for the 
purchased goods and fuels categories. 
 

 

% net − zero aligned procurement spend =
spend on net − zero aligned suppliers

total procurement spend
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Exhibit 8: 1.5°C-aligned Mining to Cathode Core Boundary and Indirect Emissions 
Decarbonization Trajectories 
 

     
(a) Core Boundary                                     (b) Indirect Emissions 

 
 
 
The 1.5°C-aligned mining to fabrication decarbonization trajectories are also developed 
to be used by companies that fabricate semi-finished products to set their targets. As 
with the mining to cathode boundary, a separate trajectory is developed just for the 
primary copper portion of the semi-finished product (the light orange line in Exhibit 9), 
another trajectory for the total recycled copper in the semi-finished product (the dark 
orange color line in Exhibit 9), and a third trajectory for just the recycled copper in the 
cathode that was used to make the semi-finished product (the grey line in Exhibit 9). 
The reason for this being that different semi-finished products are made with different 
recycled content by various companies. Moreover, for a given semi-finished product, 
there is recycled copper in the cathode that is used to make the product, and there is 
additional recycled copper melted along with the cathode while making the semi-
finished product. Therefore, having separate trajectories for the various components of 
the semi-finished product enables the trajectory calculation and target setting for various 
kinds of companies and semi-finished products.    
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Exhibit 9: 1.5°C-aligned Mining to Fabrication Decarbonization Trajectories  

  
 
 
These mining to fabrication trajectories are calculated the same way the mining to 
cathode trajectories are calculated. The baseline emissions from fabrication are 
assigned to emissions categories like Industrial Heat, Electricity, and Indirect Emissions. 
Separate 1.5°C-aligned emissions intensity trajectories are calculated for each of these 
categories.  
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Exhibit 10: Mapping of Production Process in the ICA Report (for Mining to Fabrication 
Boundary) to Different Emissions Categories 
 

Production Process Emissions Type 

Mining 

Direct 

Electricity 

Indirect 

Concentration 

Direct 

Electricity 

Indirect 

Cathode Production – 
Hydrometallurgical 

Route (SX-EW) 

Direct 

Electricity 

Indirect 

Cathode Production – 
Pyrometallurgical 
Route (Smelting/ 
Electrorefining) 

Direct 

Electricity 

Indirect 

Transportation Concentrate Transportation 

Fabrication 

Direct 

Electricity 

Indirect 

 
 
 
 
Similar to the mining to cathode trajectory, the baseline emissions from different 
emissions categories are assigned to primary copper in semi-finished products, 
recycled copper in semi-finished products, and recycled copper in cathodes. See Exhibit 
11 for a detailed breakdown on how different emissions categories have been assigned. 
The baseline emissions intensity for recycled copper in cathodes is calculated based on 
the same approach used in the mining to cathode boundary. The trajectories for the 
primary and recycled copper components of the various emissions categories are 
calculated based on the 1.5°C-aligned trajectories of the different emissions categories. 
 
The individual trajectories for the primary and recycled components of different 
emissions categories (including the categories associated with mining to cathode 
production) are then rolled up to develop the primary, recycled via cathode, and direct 
recycled trajectories for the mining to fabrication boundary. 
 
 

Emissions categories 

Mining Haulage 

Electricity 
(Mining/Electrowinning) 

Electricity 
(Smelting/Electrorefining) 

Electricity 
(Fabrication) 

Industrial Heat 
(Concentration/Smelting) 

Process Emissions 
(Smelting) 

Industrial Heat 
(Fabrication) 

Concentrate 
Transportation 

Indirect Emissions 
(Before fabrication) 

Indirect Emissions 
(Fabrication) 
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Exhibit 11: Assumptions for the Mining to Fabrication Decarbonization Trajectories 
 

Emissions categories 
Description of 
1.5°C-aligned 

trajectory 

Primary 
Copper 

Trajectory 

Recycled 
Copper 

via 
Cathode 

Trajectory 

Directly 
Recycled 
Copper 

Trajectory 

Mining Haulage Based on a stock-
replacement model 
of copper mining 
haulage trucks 
(developed by RMI 
based on some 
assumptions from 
ICA-Hatch copper 
decarbonization 
analysis) 

 

  

Electricity 
(Mining/Electrowinning) 

Based on copper 
mine production-
weighted 
grid trajectories 
from IEA NZE 2021, 
IPCC16 

 

  

Electricity 
(Smelting/Electrorefining) 

Based on copper 
smelter production 
weighted 
grid trajectories 
from IEA NZE 
2021, IPCC17 

  

 

Electricity 
(Fabrication)  

 

 

Industrial Heat 
(Concentration/Smelting) 

Based on proxy 
data from the 
International 
Aluminum Institute's 
1.5°C pathway for 
aluminum 
production (derived 
from IEA 
values)18 

  

 

Industrial Heat 
(Fabrication)  
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Process Emissions 
(Smelting) 

Assumed no 
changes in 
emissions intensity 
of process 
emissions through 
2050 due to lack of 
technically feasible 
solutions to remove 
low-concentration 
process CO2 
emissions   

 

 

 

Concentrate 
Transportation 

Based on 
“Shipping“ and 
“Trucks”  in IEA 
NZE 202119 

 

  

Indirect Emissions (Before 
fabrication) 

Applied absolute 
emissions reduction 
(%) 
from “Industry” 
category in IEA 
NZE 2021 in 
conjunction with 
future copper 
production 
values to get 
indirect emissions 
trajectory20 

  

 

Indirect Emissions 
(Fabrication)  
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Option for separate target setting for different emissions categories  
 
Similar to the mining to cathode boundary, this SDA allows relevant companies to set 
GHG intensity targets for the mining to fabrication core boundary (which excludes 
purchased goods and fuels related emissions) and also set separate targets to 
address emissions from the production of purchased goods and fuels. Exhibit 12 
shows separate decarbonization trajectories that were calculated for the mining to 
fabrication core boundary by excluding emissions from purchased goods and fuels 
production. The primary copper trajectory is less steep because of the exclusion of 
purchased goods and fuels emissions. 
 
If companies choose the option to set separate emissions intensity-based targets for 
the purchased goods and fuels emissions categories, then the trajectories shown in 
Exhibit 13 will be used. Just as in the mining to cathode boundary, companies using 
the mining to fabrication boundary also have the option to use non-emissions metrics 
to set targets for the purchased goods and fuels categories. If companies choose to 
use non-emissions metrics, they can set targets based on either the “% net-zero 
aligned procurement spend” or “% net-zero aligned procurement spend for suppliers 
responsible for emissions-intensive activities”. 
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Exhibit 12: 1.5°C-aligned Mining to Fabrication Core Boundary Decarbonization 
Trajectories 
 

  
 
 
Exhibit 13: 1.5°C-aligned Mining to Fabrication Indirect Emissions Decarbonization 
Trajectories 
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Electricity, Mine haulage, Process GHG emissions from recycling are specific emissions 
sources where the copper sector faces some unique circumstances with respect to 
decarbonization. For these emissions sources the direct results/components from the 
IEA NZE (or derivations thereof) were not suitable to develop decarbonization 
trajectories. As a result, specific modelling approaches for each of these were 
developed as detailed below.  
 
Electricity: Copper mining, smelting, refining and fabrication is concentrated in a few 
specific countries/regions. Therefore, it was expected that the electricity emissions in 
the global grid average 1.5°C-aligned electricity decarbonization trajectory (from the IEA 
NZE) would not be representative of the electricity emissions linked to copper 
production. Instead, the country-specific grid decarbonization trajectories of the top 
copper-producing regions in the world were considered. For instance, for the “Electricity 
(Mining/Electrowinning)” emissions category, separate 1.5°C-aligned grid emissions 
intensity trajectories were collected for countries including Chile, Peru, Democratic 
Republic of Congo, China, US, Australia based on adjusted data from IPCC models.21 
For all the other countries, a common global 1.5°C-aligned grid emissions intensity 
trajectory was used.22 Roughly 15% of global mine-site electricity consumption is from 
self-generating electricity sources at these mine sites.23 A separate decarbonization 
trajectory was considered for the copper production at mines that rely on these self-
supplied off-grid electricity sources. An aggregate copper production-weighted 1.5°C-
aligned grid emissions intensity trajectory was calculated from the copper mining 
production values of the above-mentioned countries (as well as the mining production 
with self-supplied off-grid electricity) and their respective 1.5°C-aligned grid emissions 
intensity trajectories. This aggregated production-weighted 1.5°C-aligned grid emissions 
intensity trajectory was then used in the “Electricity (Mining/Electrowinning)” emissions 
category. Similarly, for the Electricity (Smelting/Electrorefining) category, a production-
weighted 1.5°C-aligned grid emissions intensity trajectory was calculated from smelting 
production and specific 1.5°C-aligned grid trajectories from China, Japan, Chile, and 
Russia, with a common global 1.5°C-aligned grid emissions intensity trajectory being 
assumed for all other countries.24 The 1.5°C-aligned grid trajectory for the Electricity 
(Fabrication) emissions category is assumed to be the same as that of Electricity 
(Smelting/Electrorefining) category due to a lack of access to granular production data 
for semi-finished copper products. 
 
 
Haulage: For the “Mining Haulage” emissions category, no publicly available 1.5°C-
aligned decarbonization trajectory could be found. Therefore, a decarbonization 
trajectory was developed based on a stock-replacement model of mining haulage trucks 
used in copper mines. Three different classes of trucks were used for the analysis, one 
each for large open pit mines, medium open pit mines, and underground mines 
respectively. The number of trucks in operation in a given year is calculated based on 
the amount of ore that needs to be hauled for a given amount of copper production from 
open pit and underground mines. The number of new haulage trucks required each year 
calculated based on replacement rates (~12 years of expected service life for haulage 
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trucks25), expected copper production, and expected ore grade changes. Some 
assumptions were made regarding the load and haulage distance for typical diesel 
haulage trucks across the three classes. Assumptions were also made for typical 
battery-electric truck variants that are expected to replace the three classes of diesel 
haulage trucks. Based on technology development timelines of battery-electric haulage 
trucks, their associated charging infrastructure, and the economics of switching to 
battery-electric haulage trucks, it was assumed that starting in 2035, approximately 5% 
of new mining haulage trucks (across the three different classes) will be battery-electric. 
This value is expected to increase linearly by 5% each year to reach 30% by 2040. 
From 2040, this adoption rate increases by 15% each year and eventually from 2045 
onward 100% of new trucks will be battery electric. This assumption is slightly more 
ambitious than some industry estimates of 50% mining vehicle sales being EVs in 
2044.26 A lot of the above assumptions for mining haulage decarbonization have been 
adopted from the “Enablers for Decarbonization of Copper Production” work 
commissioned by the International Copper Association. Based on these assumptions, 
an emissions intensity trajectory was developed (in terms of tCO2 /tonne-km of ore 
hauled) for the 2020-2050 time period. Thus, an overall “Mining Haulage” 
decarbonization trajectory was calculated. See the “Haulage trucks deep dive_v2” sheet 
in the “Copper GHG Target Setting Tool_v3.0” excel tool accompanying this report for 
detailed assumptions underlying the haulage trajectory. The references for the various 
assumptions are also included in the excel tool. 
 
Process GHG emissions:  The contribution of “process GHG emissions” to the overall 
baseline emissions from copper is not readily available. Based on some data provided 
by ICA, the average emissions intensity of process emissions for recycled copper 
cathode production was estimated to be 0.2t CO2/t Cu for 2020. Given the low-
concentration of process CO2 emissions in the effluent gases, there are no technically 
feasible solutions to reduce these emissions currently. Carbon capture and storage 
technologies can only be used if the CO2 emissions concentration in the effluent gases 
is high. Therefore, in the current SDA, it was assumed that the process emissions of 
0.2t CO2/t Cu for recycled copper cathode will remain constant between 2020 and 2050. 
This can change based on better modelling and data availability in the future.        
 
Variables considered for consumption forecast  
 
Specific variables that affect the unit energy consumption of various emissions 
categories in the copper sector. Since the 1.5°C-aligned copper trajectories are based 
on the trajectories of the individual emissions categories, the changes in these variables 
are reflected in the overall copper sectoral trajectories. The variables included in the 
sectoral trajectory development are detailed below. 
 
Ore grade: The copper ore grade is an important driver of energy consumption at a 
mine site. The lower the grade, the more energy required to transport and process the 
ore to produce a given amount of copper. Currently the ICA estimates the global 
average ore grade to be around 0.58%.27 This is expected to reduce to 0.55% by 2030 
and to stay between 0.5 – 0.55% from 2030 to 2050.28 This decrease in ore grade 
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(combined with forecasted increase in haulage distances) translates to an increase in 
unit energy consumed for ore haulage at the mine site. Therefore, for the “Mining 
Haulage” emissions category, an average increase in unit energy consumption of 
around 18% by 2030, 30% by 2040 is assumed. The unit energy consumption is 
assumed to remain constant from 2040 to 2050. Similarly, these increases in haulage 
unit energy consumption are also incorporated in the “Electricity 
(Mining/Electrowinning)” emissions category. As was the case for the “Mining Haulage” 
category, the average unit electricity consumption at the mine site was increased 18% 
by 2030, 30% by 2040 and kept constant afterwards.       
 
Energy Efficiency Improvements: Energy efficiency improvements in line with long-
run historical improvements are expected for some of the processes involved in copper 
production. This is particularly relevant for processes that rely on electricity. For 
emissions categories like “Electricity (Smelting/Electrorefining)”, “Electricity 
(Fabrication)”, a standard decrease in unit electricity consumption of 1% per year 
through to 2050 was included.29 These energy efficiency improvement values are based 
on typical values that are expected to be seen in other sectors of the economy.  
 
These are the main variables that were included in the modelling in terms of the 
consumption of energy/resources used to produce copper into the future. It is important 
to note, however, that when the copper sectoral trajectories are used to set company-
level targets, the only variables that will affect the company-level trajectory are the 
recycled content for the baseline year, target year, and baseline year emissions 
intensity. Further details on the variables influencing company-level target setting are 
discussed in the next section.  
 
 

   
 

Copper Target-Setting Methodology 
 
With the overall 1.5°C-aligned trajectory set, the next component for the SDA is the 
methodology to use these trajectories for company-level target setting. Exhibit 14 details 
the company-specific variables (by boundary) needed to establish targets from the 
trajectories. The company-specific variables involved are: 

• Baseline year and associated starting intensity, which defines the starting point 
for convergence with the trajectory; 

• Target year, which is used to extract a target emissions intensity/percentage 
reduction from the convergence trajectory, and 

The 1.5oC-aligned trajectories developed for this SDA rely on the specific 
assumptions and data sources detailed in this section. These trajectories reflect the 
best information available as of December 2025. As improved or more accurate data 
becomes available, it will be incorporated into future updates of the SDA to enhance 
the robustness and reliability of the 1.5 °C-aligned pathways.     
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• Recycled content, which is used to develop a weighted-average intensity (from 
the primary and secondary industry-wide trajectories) to which the company 
emissions intensity will converge.   

 
Exhibit 14: Variables for Company-Level Target Setting for Both Boundaries 
  

Mining to Cathode Mining to Fabrication 

Baseline Year Baseline Year 

Emissions Intensity (t CO2eq/t Cu 
Cathode) 

Emissions Intensity (t CO2eq/t semi-
finished product) 

Recycled Content (%) in Cathode Recycled Content (%) in Cathode 

Recycled Content (%) in semi-
finished product 

Target Year Target Year 

Recycled Content (%) in Cathode Recycled Content (%) in Cathode 

 Recycled Content (%) in semi-
finished product 

 
 
To calculate the recycled content (%) in cathode, companies shall include the end-of-life 
scrap (collected from copper products that reach the end of their useful life) and any 
scrap from the manufacturing of end-use products that is added to the copper cathode 
manufacturing process. Similarly, the end-of-life scrap and the end-use product 
manufacturing scrap that are added at different stages of making the semi-finished 
product shall be included while calculating the recycled content (%) in the semi-finished 
product. Any run-around scrap that is generated from casting and is recycled 
immediately at the same facility where it was generated shall not be included in the 
recycled content (%) calculation. Different types of scrap inputs have different copper 
content. So, to calculate the recycled content (%) value, companies shall calculate the 
total copper content in scrap-based inputs and divide that by the total copper content in 
scrap-based and ore-based inputs. When purchased blister copper and purchased 
anodes are used as inputs to the copper cathode manufacturing process, the scrap 
content in the purchased blister and anodes shall also be considered while calculating 
the overall recycled content (%) value for the cathode. 
 
Company-Level Trajectory Calculation Approaches 
 
Exhibit 15 shows an example of how company-level target setting would work for the 
mining to cathode trajectory. Assume a hypothetical company A is an integrated copper 
cathode manufacturer which has processes from copper mining to smelting and 
electrorefining of copper cathodes. The company produces copper cathodes with a 
mine-to-cathode emissions intensity of 4 tCO2eq/t Cu cathode and 40% recycled 
content for a baseline year of 2020. Assume the baseline emissions intensity value of 4 
tCO2eq/t Cu cathode includes emissions from the production of purchased goods and 
fuels that are used in various processes from mining to cathode production. Also, 
assume that the company wants to set targets based on the full mining to cathode 
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boundary that includes emissions from the production of purchased goods and fuels.   
Using a 40% recycled content (which is not expected to change over time) along with 
the primary and recycled copper trajectories in Exhibit 5 gives a 1.5°C-aligned 
weighted-average copper sectoral trajectory for the company-specific recycled content 
(depicted by the light blue dashed line in Exhibit 15). This is further modified to develop 
the company-specific trajectory in such a way that the baseline emissions intensity in 
the company-specific trajectory matches the baseline emissions intensity reported by 
the company (see the dark blue dashed line in Exhibit 15). Note that the company-
specific trajectory tracks with the weighted-average sectoral trajectory with both lines 
converging in 2050. This convergence by 2050 approach has been used in other SDAs 
as well (for e.g., SBTi’s Steel Science-Based Target-Setting Guidance, ASI Entity GHG 
Pathways Method).30        
          
Exhibit 15: Calculation of Company-Level Trajectory from Sectoral Trajectory 
 

 
 
 

There are other approaches where the company-specific trajectory can converge with 
the sectoral trajectory before 2050 (for e.g., in the GSCC Steel Climate Standard).31 
However, the “convergence by 2050” approach was chosen for copper as it is more 
equitable (especially for companies that might not have an easy access to 
decarbonization technologies). Specific formulas for calculating the above trajectories 
are shown in Appendix 2.  
 
Based on the aforementioned assumptions, given that company A expects to use the 
same recycled content (40%) even in the target year of 2030, the company would need 
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to reduce its overall emissions intensity by 32% compared to a 2020 baseline to be in 
alignment with a 1.5°C decarbonization trajectory.  
 
However, if the same company A doesn’t have good data on emissions from the 
production of purchased goods and fuels used in mining to cathode production, then it 
would report a baseline emissions intensity value of 2.8 tCO2eq/t Cu cathode for 2020, 
which excludes the indirect emissions from purchased goods and fuels. Given this 
limitation, company A would then opt to use the mining to cathode core boundary for 
target setting. Using this mining to cathode core boundary would result in a 1.5°C-
aligned company trajectory represented by the dark blue dashed line in Exhibit 16. 
Under the same 40% recycled content assumption as before, the company would need 
to reduce its core boundary emissions intensity by 24.5% compared to a 2020 baseline. 
This slightly less steep reduction compared to the previous scenario is due to the 
exclusion of purchased goods and fuels related indirect emissions from the trajectory.     
 
Exhibit 16: Calculation of Company-Level Trajectory from Sectoral Trajectory for the 
Mining to Cathode Core Boundary 
    
 

  
 
 
In this scenario, since the core boundary was chosen for target setting, the company 
also needs to set a separate target to address emissions associated with purchased 
goods and fuels production. Since company A doesn’t have enough data to calculate 
the emissions and demonstrate emissions reduction associated with purchased goods 
and fuels production, it can use one of the non-emissions metrics to set the target. 
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Assume the company has data which shows that roughly 10% of its procurement 
spending goes to net-zero aligned suppliers of purchased goods and fuels in the 
baseline year of 2020. According to this SDA, for a target year of 2030, the company 
shall ensure that 40% of its procurement spend goes to net-zero aligned suppliers of 
purchased goods and fuels. Refer to the earlier section of the report on Emissions 
Intensity Trajectories for definitions of the non-emissions metrics and “net-zero aligned” 
suppliers.     
 
Target Setting for Different Company Types  
 
As mentioned previously, different copper companies have varying levels of vertical 
integration. As a result, these different companies have different production processes 
within their corporate boundaries. But there are only the mining to cathode (full and 
core) and mining to fabrication (full and core) boundaries for trajectory calculation and 
company-level target setting. Therefore, companies shall use the relevant boundaries 
while setting 1.5°C-aligned targets. Some guidelines regarding which boundary(s) are 
applicable for different companies are provided below: 
 

Stand-alone mining companies: meaning companies that just produce and sell 
copper concentrates. These companies are mainly involved in the mining, 
comminution, and concentration of copper ore. Some of these companies also 
produce molybdenum (or other metal) concentrate as a co-product. These 
companies shall use the mining to cathode boundary (full boundary or core 
boundary) for target setting. For the emissions data relevant to the processes 
outside the company boundary (like smelting, electrorefining), companies should 
attempt to source data from concentrate buyers as much as possible. Where that 
is not feasible, standard emissions factors provided in Appendix 1 can be used. 
When these companies want to use non-emissions metrics to set targets for the 
purchased goods and fuels categories, they should calculate their procurement 
spend that goes toward purchased goods and fuels. Here, purchased goods and 
fuels refers to all input materials (including but not limited to explosives, grinding 
media, chemical reagents etc.,) and fuels (including but not limited to coal, 
natural gas, diesel etc.,) purchased by mining companies. Companies can also 
use procurement spend that goes towards suppliers responsible for emissions–
intensive activities (i.e., suppliers providing steel used for ore grinding, suppliers 
providing chemicals) as another metric for target setting.         
    
Mining companies (with onsite solvent extraction/electrowinning): These 
companies may produce both copper concentrate and cathode. Similar to the 
above, the company would use the mining to cathode boundary (either full 
boundary or core boundary) using standard emissions factors to fill in the gap 
from concentrate to cathode for that portion of production. When these 
companies want to use non-emissions metrics to set targets for the purchased 
goods and fuels categories, they should calculate their procurement spend that 
goes toward purchased goods and fuels. Here, purchased goods and fuels refers 
to all input materials (including but not limited to explosives, grinding media, 
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sulphuric acid, and other chemical reagents) and fuels (including but not limited 
to coal, natural gas, diesel etc.,) purchased by mining companies. Companies 
can also use procurement spend that goes towards suppliers responsible for 
emissions–intensive activities (i.e., suppliers providing steel used for ore 
grinding, suppliers providing chemicals) as another metric for target setting.         
 
Smelting/Electrorefining companies: These companies buy copper 
concentrate and make refined copper via the pyrometallurgical process. These 
companies also shall use the mining to cathode boundary (either full boundary or 
core boundary). To calculate the mining to cathode emissions intensity, these 
companies should try to source emissions data from their concentrate suppliers. 
If such data is not easily available, then typical emissions factors for copper 
concentrate can be used. When these companies want to use non-emissions 
metrics to set targets for the purchased goods and fuels categories, they should 
calculate their procurement spend that goes toward purchased goods and fuels. 
Here, purchased goods and fuels refers to all input materials (including but not 
limited to coke, fluxes, sulphuric acid, other chemical reagents etc.,) and fuels 
(including but not limited to coal, natural gas, heavy fuel oil etc.,) purchased by 
smelting/electrorefining companies. Companies can also use procurement spend 
that goes towards suppliers responsible for emissions–intensive activities (i.e., 
suppliers providing chemicals) as another metric for target setting. While 
calculating procurement spend, suppliers shall not include the money spent on 
purchasing copper concentrates as the emissions associated with copper 
concentrates are already included in the mining to cathode emissions intensity 
and therefore are already part of the target setting boundary.          
    
Mining to Cathode (Integrated) companies: These companies also shall use 
the mining to cathode boundary (either full boundary or core boundary). Since 
the company operations include all the processes within the boundary, it should 
be relatively easy to calculate the mining to cathode emissions intensity based on 
primary data. When these companies want to use non-emissions metrics to set 
targets for the purchased goods and fuels categories, they should calculate their 
procurement spend that goes toward purchased goods and fuels. Here, 
purchased goods and fuels refers to all input materials (including but not limited 
to explosives, grinding media, sulphuric acid, other chemical reagents etc.,) and 
fuels (including but not limited to coal, natural gas, heavy fuel oil etc.,) purchased 
by integrated mining to cathode companies. Companies can also use 
procurement spend that goes towards suppliers responsible for emissions–
intensive activities (i.e., suppliers providing steel used for ore grinding, suppliers 
providing chemicals) as another metric for target setting. While calculating 
procurement spend, suppliers shall not include the money spent on purchasing 
copper concentrates from external suppliers as the emissions associated with 
those copper concentrates are already included in the mining to cathode 
emissions intensity and therefore are already part of the target setting boundary.        
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Fabrication companies: Any company that has fabrication processes to make 
semi-finished products shall use the mining to fabrication boundary (either full 
boundary or core boundary) for target setting. As mentioned previously in the 
report, “fabrication” refers to processes like melting, casting, and other metal 
working processes like drawing, extrusion, hot rolling, and cold rolling. “Semi-
finished products” include products like copper wire, rod, tube, sheet, plate, strip, 
castings, powder, or other shapes. Any further processes applied to the semi-
finished products to make end-use products like insulated electrical cables, 
plumbing tubes, pipes, locks, and others shall not be included in the “mining to 
fabrication” baseline emissions intensity calculation. If a company produces 
multiple semi-finished products, the baseline emissions intensity can be the 
production-weighted emissions intensity based on all the semi-finished products. 
Companies with fabrication operations vary in vertical integration ranging from all 
inclusive (mining to fabrication) to stand-alone fabricators which purchase 
cathodes. Regardless of integration level, all companies shall calculate their 
mining to fabrication emissions intensity based on primary data as much as 
possible (or using standard emissions factors when primary data is not 
available). Most emissions (and therefore reductions) across the mine-to-
fabrication boundary will occur in the production of copper cathode. This means 
that stand-alone fabricators will likely need to source primary data and work 
closely with cathode suppliers to demonstrate progress against the boundary. 
Where this data is not available, companies can use typical emissions factors for 
cathode to fill the gap. Stand-alone fabricators can also use the mining to 
cathode boundary to set emissions intensity targets for their cathode suppliers. 
When these companies want to use non-emissions metrics to set targets for the 
purchased goods and fuels categories, they should calculate their procurement 
spend that goes toward purchased goods and fuels. When calculating 
procurement spend on purchased goods, these fabrication companies should 
exclude money spent on purchasing alloy elements that are blended with copper. 

 
For all these companies, the money spent on concentrate transportation shall be 
excluded from the “procurement spend” calculation as concentrate transportation 
emissions are already included in the mining to cathode and mining to fabrication 
emissions intensity calculation. Appendix 3 provides further details on the associated 
target-setting tool that accompanies this report as well as illustrative examples for 
various company types.  
 
 
GHG Accounting Guidelines  
 
Regardless of the boundary used, the companies will need to calculate the respective  
baseline emissions intensity to set a target as well as regularly update emissions 
intensity to demonstrate progress against the target. Overall, the GHG Protocol serves 
as the basis for carbon accounting to report against the targets. The following provides 
additional sector-specific guidance.  
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For the core boundaries, emissions intensities shall include direct emissions, electricity 
consumption-related emissions, concentrate transportation emissions from mining to the 
final production process relevant for the chosen boundary. For the full boundaries, the 
emissions intensities shall be calculated using a cradle to gate approach and shall 
include direct emissions, electricity consumption-related emissions, and indirect 
emissions from production of certain purchased goods (e.g., explosives, chemicals, 
sulfuric acid, oxygen), from upstream fuel production (e.g., coal, natural gas, etc.), and 
from concentrate transportation. Companies should refer to Exhibit 4 for details 
regarding the various indirect emissions that need to be considered for baseline 
emissions intensity calculations and target setting.  
 
The “process GHG emissions” (i.e., GHG emissions from chemical reactions of carbon 
in the input materials as opposed to GHG emissions from the combustion of carbon in 
fuel inputs) shall be included in the calculation of baseline emissions intensity. This is 
especially relevant for the production of copper cathodes from different low-grade scrap 
inputs.   
 
The calculation of indirect emissions from the production of purchased goods and 
purchased fuels (which are part of scope 3 emissions for a lot of copper companies) can 
be quite challenging. A common industry practice to calculate such emissions is to use 
the spend data for these purchased goods/fuels. But, it might be difficult to show 
emissions reductions for these indirect emissions just based on spend data. Therefore, 
it is recommended that companies obtain the necessary data from the suppliers of 
these purchased goods/fuels as much as possible. Ideally, this supplier scope 3 data 
should be provided on an emissions intensity basis (in terms of tCO2/t of chemical used, 
tCO2/t of fuel, tCO2/t of material transported, or other relevant physical intensity metric). 
That will help showcase any efforts the suppliers make to reduce emissions from the 
production of purchased goods and fuels. Moreover, some industry bodies provide 
standard global average emissions intensities for some of these purchased goods and 
fuels. The industry stakeholders can push for regular updates to these published values 
and also publish these standard emissions factors from specific regions. That will 
enable a better demonstration of changes in the indirect emissions. Moreover, as 
described in the previous sections of this report, companies can use non-emissions 
metrics to set targets for the purchased goods/fuels categories.  For the different scope 
3 emissions categories that were not included in this target-setting methodology, copper 
companies can use other existing science-based target-setting approaches. These can 
include the absolute reduction approach, physical intensity convergence (SDA) 
approaches, or other valid target setting approaches.32    
 
Some copper companies use market-based instruments (like power purchase 
agreements) to procure electricity. In such scenarios, copper companies can use either 
a location-based method or a market-based method for calculating their baseline and 
progressive emissions intensity. The same method used for baseline emissions 
intensity calculation shall also be used for target setting/progress reporting. While the 
choice of calculation method for scope 2 emissions is left with companies themselves, 
the method chosen for baseline emissions intensity calculation and progress reporting 
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shall be disclosed by the company. In the case of on-site electricity generation, if excess 
electricity is produced than what is consumed on-site, then the electricity consumed for 
on-site processes shall only be included in the baseline emissions intensity calculation. 
The emissions associated with exported electricity shall not be included in the baseline 
emissions.   
 
Many companies in the copper value chain produce co-products/by-products. But, no 
allocation approaches have been used for calculating the baseline emissions and to 
develop the decarbonization trajectories outlined in this report. To align with this 
methodology and to ensure a like-for-like comparison, companies shall not use any 
allocation methods to allocate emissions from processes within the boundary to any co-
products/by-products for calculating their baseline emissions intensity and while 
checking progress against the set targets.  
 
This copper SDA doesn’t allow companies’ use of carbon credits to achieve their % 
GHG intensity reduction targets. Companies shall always prioritize emissions reduction 
actions that directly address emissions from specific emissions sources within the 
chosen boundaries. However, by 2050 some amount of residual emissions are 
inevitable for the copper sector. These 2050 residual emissions (which are usually less 
than 10% of baseline year emissions for most companies) can’t be addressed directly 
by any other emissions reduction measures. Carbon removal credits can only be used 
to neutralize any such residual emissions left for companies in their net-zero target year 
of 2050. This is in line with what is proposed in SBTi’s draft Corporate Net-Zero 
Standard v2.0.33 
 
Target Setting for Individual Assets 
 
Companies can set targets for individual copper mines/sites at different locations 
provided there is no processing link (i.e., material or energy transfers) between the 
sites. This also applies to individual copper mines/sites of a company at different 
locations within the same country. Based on data from all the individual sites, a 
company shall also calculate a single production-weighted mining to cathode emissions 
intensity for the company-level 1.5°C-aligned target.   
 
For companies producing copper concentrate and copper cathodes (e.g., via 
hydrometallurgical processes) within their corporate boundaries the overall company 
target emissions basis shall be a production-weighted emissions intensity based on the 
contained copper in each product.  
 
In a situation where a new asset(s) is added to (or removed from) a company boundary, 
the baseline and target can be recalculated to include the production-weighted 
emissions intensity of the new asset and set a new 1.5°C-aligned target.  
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Conclusion 
 
This Sectoral Decarbonization Approach (SDA) to GHG target setting aims to be the 
initial step that allows copper companies and sites to set 1.5°C-aligned targets. This 
SDA methodology will be updated at regular intervals to align with the latest technical 
analysis and carbon budget modelling. The frequency of updates to this SDA is 
expected to be similar to that of the Copper Mark’s Standard Setting Procedure, which 
is usually updated once every three years. An earlier revision can also be considered if 
there are substantive changes to global climate ambition (e.g., Paris Agreement or 
associated Nationally Determined Contributions). 
 
The 1.5°C-aligned copper decarbonization trajectories and the associated methods for 
company-level target setting outlined in this SDA allow copper companies to address 
the dual challenges of reducing emissions intensity while also ramping up copper 
production to support technology deployment necessary for the overall energy transition 
across the economy.    
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Appendices 
 
Appendix 1: Default Emissions Factors and Recycled Content values  
 
Exhibit 17: Default Emissions Factors 

Product Emissions 
Processes 

Emissions Factor Source 

Copper 
Concentrate 

Mining, 
Concentration 

1.0 tCO2 eq/t 
Concentrate 

Data provided by ICA.  25.86% 
Copper in Concentrate. No 
allocation methods applied for 
calculating this emissions factor 

Copper 
Concentrate 

Mining, 
Concentration 

3.8 tCO2 eq/t Cu in 
Concentrate 

Calculated based on data 
provided by ICA 

Copper 
Cathode 

Smelting to 
Electrorefining 

0.98 tCO2 eq/t Cu 
Cathode 

Net Zero Roadmap for Copper 
and Nickel Mining - Technical 
Report, IFC 202334 

Copper 
Cathode 

Mining to 
Electrorefining 

5.4 tCO2 eq/t Cu 
Cathode 

Data provided by ICA. No 
allocation methods applied for 
calculating this emissions factor 

             
 
 
Exhibit 18: Default Recycled Content Values 

Year Recycled content for copper cathode35 

2020 14% 

2021 13% 

2022 12% 

2023 12% 

2024 12% 

2025 11% 

2026 11% 

2027 11% 

2028 11% 

2029 12% 

2030 13% 
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Appendix 2: Company-Level Trajectory Calculation Formulas 
The equations below show how company-level emissions intensity targets are set using 
copper sectoral emissions intensity trajectories for the mining to cathode boundary. The 
first step in this process is the calculation of a sectoral pathway with company-specific 
recycled content values. 
 

SI  𝑦
 𝑐𝑜𝑚𝑝𝑎𝑛𝑦 𝑟𝑒𝑐𝑦𝑐𝑙𝑒𝑑 𝑐𝑜𝑛𝑡𝑒𝑛𝑡 

=  [SI  
𝑦
𝑝𝑟𝑖𝑚𝑎𝑟𝑦 𝑐𝑜𝑝𝑝𝑒𝑟  ×  𝑃𝑟𝑖𝑚𝑎𝑟𝑦 𝐶𝑜𝑝𝑝𝑒𝑟 𝐶𝑜𝑛𝑡𝑒𝑛𝑡 

𝑦
 ]

+ [SI  𝑦
𝑟𝑒𝑐𝑦𝑐𝑙𝑒𝑑 𝑐𝑜𝑝𝑝𝑒𝑟  × 𝑅𝑒𝑐𝑦𝑐𝑙𝑒𝑑 𝐶𝑜𝑝𝑝𝑒𝑟 𝐶𝑜𝑛𝑡𝑒𝑛𝑡 

𝑦
 ] 

 

SI  𝑦
 𝑐𝑜𝑚𝑝𝑎𝑛𝑦 𝑟𝑒𝑐𝑦𝑐𝑙𝑒𝑑 𝑐𝑜𝑛𝑡𝑒𝑛𝑡 

: Sectoral emissions intensity for a year y using company-

specific recycled content values  
 
If the year “y” is less than the target year for which emissions intensity reduction is to be 
calculated, then the primary and recycled copper content values (in %) reported by the 
company for the baseline year are used. If the year “y” is greater than or equal to the 
target year, then the expected primary and recycled copper content values (in %) 
reported by the company for the target year are used.  
 

SI  𝑦
 𝑝𝑟𝑖𝑚𝑎𝑟𝑦 𝑐𝑜𝑝𝑝𝑒𝑟 

: Sectoral emissions intensity from the primary copper pathway for a 

year y  
 

SI  𝑦
 𝑟𝑒𝑐𝑦𝑐𝑙𝑒𝑑 𝑐𝑜𝑝𝑝𝑒𝑟 

: Sectoral emissions intensity from the recycled copper pathway for a 

year y  
 
A similar approach to the one described above is used to calculate sectoral pathways 
with company-specific recycled content values for the mining to fabrication boundary. 
 

SI  𝑦
 𝑐𝑜𝑚𝑝𝑎𝑛𝑦 𝑟𝑒𝑐𝑦𝑐𝑙𝑒𝑑 𝑐𝑜𝑛𝑡𝑒𝑛𝑡 

=  [SI  
𝑦
𝑝𝑟𝑖𝑚𝑎𝑟𝑦 𝑐𝑜𝑝𝑝𝑒𝑟 (𝑖𝑛 𝑠𝑒𝑚𝑖−𝑓𝑖𝑛𝑖𝑠ℎ𝑒𝑑 𝑝𝑟𝑜𝑑𝑢𝑐𝑡)

×  𝑃𝑟𝑖𝑚𝑎𝑟𝑦 𝐶𝑜𝑝𝑝𝑒𝑟 𝐶𝑜𝑛𝑡𝑒𝑛𝑡 
𝑦
 (𝑖𝑛 𝑠𝑒𝑚𝑖−𝑓𝑖𝑛𝑖𝑠ℎ𝑒𝑑 𝑝𝑟𝑜𝑑𝑢𝑐𝑡)]

+ [SI  𝑦
𝑟𝑒𝑐𝑦𝑐𝑙𝑒𝑑 𝑐𝑜𝑝𝑝𝑒𝑟(𝑖𝑛 𝑠𝑒𝑚𝑖−𝑓𝑖𝑛𝑖𝑠ℎ𝑒𝑑 𝑝𝑟𝑜𝑑𝑢𝑐𝑡)

 

×  𝑅𝑒𝑐𝑦𝑐𝑙𝑒𝑑 𝐶𝑜𝑝𝑝𝑒𝑟 𝐶𝑜𝑛𝑡𝑒𝑛𝑡 
𝑦
 (𝑖𝑛 𝑠𝑒𝑚𝑖−𝑓𝑖𝑛𝑖𝑠ℎ𝑒𝑑 𝑝𝑟𝑜𝑑𝑢𝑐𝑡)

]

+ [SI  𝑦
𝑟𝑒𝑐𝑦𝑐𝑙𝑒𝑑 𝑐𝑜𝑝𝑝𝑒𝑟(𝑖𝑛 𝑐𝑎𝑡ℎ𝑜𝑑𝑒)

  

                           × 𝑅𝑒𝑐𝑦𝑐𝑙𝑒𝑑 𝐶𝑜𝑝𝑝𝑒𝑟 𝐶𝑜𝑛𝑡𝑒𝑛𝑡 
𝑦
 (𝑖𝑛 𝑐𝑎𝑡ℎ𝑜𝑑𝑒)] 

 

SI  𝑦
 𝑝𝑟𝑖𝑚𝑎𝑟𝑦 𝑐𝑜𝑝𝑝𝑒𝑟 (𝑖𝑛 𝑠𝑒𝑚𝑖−𝑓𝑖𝑛𝑖𝑠ℎ𝑒𝑑 𝑝𝑟𝑜𝑑𝑢𝑐𝑡) 

: Sectoral emissions intensity from the primary 

copper pathway (for primary copper in semi-finished product) for a year y  
 

SI  𝑦
 𝑟𝑒𝑐𝑦𝑐𝑙𝑒𝑑 𝑐𝑜𝑝𝑝𝑒𝑟 (𝑖𝑛 𝑠𝑒𝑚𝑖−𝑓𝑖𝑛𝑖𝑠ℎ𝑒𝑑 𝑝𝑟𝑜𝑑𝑢𝑐𝑡) 

: Sectoral emissions intensity from the recycled 

copper pathway (for recycled copper in semi-finished product) for a year y  
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SI  𝑦
 𝑟𝑒𝑐𝑦𝑐𝑙𝑒𝑑 𝑐𝑜𝑝𝑝𝑒𝑟 (𝑖𝑛 𝑐𝑎𝑡ℎ𝑜𝑑𝑒) 

: Sectoral emissions intensity from the recycled copper 

pathway (for recycled copper in cathode) for a year y  
 
 
The next step is the calculation of a company-specific pathway with company-specific 
recycled content values. This and all the following steps are applicable to both the 
mining to cathode and the mining to fabrication boundaries.  
 

CI  𝑦
  =  𝑑 × 𝑟 𝑦

 + SI  2050
 𝑐𝑜𝑚𝑝𝑎𝑛𝑦 𝑟𝑒𝑐𝑦𝑐𝑙𝑒𝑑 𝑐𝑜𝑛𝑡𝑒𝑛𝑡 

  

 
CI  𝑦

  : Company specific emissions intensity for a year y using company-specific recycled 

content values 
 

d  
  =  CI  𝑏

  −  SI  2050
 𝑐𝑜𝑚𝑝𝑎𝑛𝑦 𝑟𝑒𝑐𝑦𝑐𝑙𝑒𝑑 𝑐𝑜𝑛𝑡𝑒𝑛𝑡 

 
 
d: The difference in the baseline company specific emissions intensity and the sectoral 
emissions intensity for the year 2050 using company-specific recycled content values 
 
CI  𝑏

  : Company specific emissions intensity for the baseline year b reported by the 
company 
 
 

 𝑟 𝑦
 =

SI  𝑦
 𝑐𝑜𝑚𝑝𝑎𝑛𝑦 𝑟𝑒𝑐𝑦𝑐𝑙𝑒𝑑 𝑐𝑜𝑛𝑡𝑒𝑛𝑡 

− SI  2050
 𝑐𝑜𝑚𝑝𝑎𝑛𝑦 𝑟𝑒𝑐𝑦𝑐𝑙𝑒𝑑 𝑐𝑜𝑛𝑡𝑒𝑛𝑡 

SI  𝑏
 𝑐𝑜𝑚𝑝𝑎𝑛𝑦 𝑟𝑒𝑐𝑦𝑐𝑙𝑒𝑑 𝑐𝑜𝑛𝑡𝑒𝑛𝑡 

− SI  2050
 𝑐𝑜𝑚𝑝𝑎𝑛𝑦 𝑟𝑒𝑐𝑦𝑐𝑙𝑒𝑑 𝑐𝑜𝑛𝑡𝑒𝑛𝑡 =

𝐼𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦 𝑟𝑒𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑓𝑟𝑜𝑚 𝑦𝑒𝑎𝑟 𝑦 𝑡𝑜 2050

𝐼𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦 𝑟𝑒𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑓𝑟𝑜𝑚 𝑏𝑎𝑠𝑒𝑙𝑖𝑛𝑒 𝑦𝑒𝑎𝑟 𝑡𝑜 2050 
  

 
𝑟 𝑦

 : The difference in sectoral emissions intensity (with company-specific recycled 

content) between the target year y and 2050 relative to the difference in sectoral 
emissions intensity (with company-specific recycled content) between the baseline year 
b and 2050 
 

SI  2050
 𝑐𝑜𝑚𝑝𝑎𝑛𝑦 𝑟𝑒𝑐𝑦𝑐𝑙𝑒𝑑 𝑐𝑜𝑛𝑡𝑒𝑛𝑡 

: Sectoral emissions intensity for the year 2050 using company-
specific recycled content values  
 

SI  𝑏
 𝑐𝑜𝑚𝑝𝑎𝑛𝑦 𝑟𝑒𝑐𝑦𝑐𝑙𝑒𝑑 𝑐𝑜𝑛𝑡𝑒𝑛𝑡 

: Sectoral emissions intensity for the baseline year b using 

company-specific recycled content values  
 
Finally, the company-specific 1.5°C-aligned pathway is calculated and the % reduction 
in company-specific emissions intensity compared to a baseline value is determined as 
shown below. 
 

𝑅𝑒𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑖𝑛 𝑐𝑜𝑚𝑝𝑎𝑛𝑦 − 𝑠𝑝𝑒𝑐𝑖𝑓𝑖𝑐 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 𝑖𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦 
 
 (%) =

CI  𝑏
  − CI 𝑡

  

CI  𝑏
   × 100 
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CI  𝑡
  : Company specific emissions intensity for a target year t calculated using company-

specific recycled content values 
When companies set targets based on their 1.5°C-aligned pathway, it is recommended 
that the targets be in terms of % reductions as opposed to quantitative emissions 
intensity targets.  
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Appendix 3: GHG Target Setting Tool and Illustrative Examples 
 
This report is accompanied by the “Copper GHG Target Setting Tool_v3.0” excel tool 
that is designed to help different copper companies easily set 1.5°C-aligned GHG 
targets.  
 
The “README” and “Boundary Diagrams” sheets in the tool have a lot of useful 
information that companies can refer to. However, the “Data Entry” sheet is the place 
where companies can enter information to estimate their 1.5°C-aligned targets. For 
companies using the mining to cathode boundary, the main data inputs required are 
“Baseline Year”, “Emissions Intensity (for baseline year)”, “Recycled content (%) in 
cathode (for baseline year)”, “Target Year”, the expected “Recycled content (%) in 
cathode (for target year)”. Based on this data the excel tool automatically calculates the 
1.5°C-aligned percentage reduction target for emissions intensity compared to the 
baseline value. When entering the input data, it is ideal to have baseline year of 2020 or 
above. This is because the copper sectoral trajectories were developed from 2020 to 
2050 (most of the underlying data required to develop the trajectories was available 
from 2020 onwards). 
 
Companies can choose to set a set a single emissions intensity target for all emissions 
within the Mining to Cathode boundary. This includes emissions from the production of 
purchased goods and services, from production of fuels used in copper production and 
purchased electricity/purchased steam generation and concentrate transportation. 
Instead of a single target, companies can also set separate targets for the Mining to 
Cathode core boundary and the emissions associated with production of purchased 
goods and fuels. The relevant data tables for both these options have been provided in 
the Mining to Cathode portion of the “Data Entry” sheet.       
 
For inputs like the emissions Intensity (for baseline year) and recycled content (%) in 
cathode (for baseline year), a company can use production-weighted values from 
multiple assets or use separate values from individual assets to get asset-specific 
targets. If asset specific data is being used, then the “Data Entry” sheet can be 
duplicated, and each sheet can be used for each asset.  
 
For companies using the mining to fabrication boundary scroll to the “Mining to 
Fabrication” table in the “Data Entry” sheet. The main data inputs required for these 
companies are “Baseline Year”, “Emissions Intensity of the semi-finished product (for 
baseline year)”, “Recycled content (%) in cathode and semi-finished product (both for 
baseline year)”, “Target Year”, the expected “Recycled content (%) in cathode and 
semi-finished product (both for target year)”. For the mining to fabrication boundary as 
well, companies have the option to set a single emissions intensity target for all 
emissions or separate targets for the Mining to Fabrication core boundary and the 
emissions associated with production of purchased goods and fuels. The relevant tables 
to enter the input data have been provided for both the options in the Mining to 
Fabrication portion of the “Data Entry” sheet. The 1.5°C-aligned percentage reduction 
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target for semi-finished product emission intensity is calculated automatically based on 
the input data in the relevant table. 
 
If a company produces multiple semi-finished products, the baseline emissions intensity 
and recycled content can be the production weighted values for the semi-finished 
products. If a company has multiple assets that produce semi-finished products, then 
the input values can be the production-weighted values from all the assets or separate 
values from individual assets. If separate data from individual assets is being used, then      
the “Data Entry” sheet can be duplicated, and each sheet could be used for each asset. 
  

Illustrative examples 
 
A few examples are provided below that show how the excel sheet can be used by 
different kinds of companies along the copper value chain to set 1.5°C-aligned targets.  
 

Example 1 
Assume a company that is primarily involved in copper mining. Assume it produces 
copper concentrate with 26% copper content (by mass). Assume this company wants to 
set a % target for emissions intensity reduction for the “Mining to Cathode core 
boundary”. For the purchased goods and fuels production emissions category, assume 
the company wants to set a % target for emissions intensity reduction.  
 
The emissions intensity of copper concentrate reported by the company is 0.5 t CO2eq/t 
concentrate. Assume that the baseline year for the reported emissions intensity is 2020. 
Since this is a “mining” company, the 1.5°C-aligned GHG reduction target shall be 
based on the primary copper emissions intensity trajectory for the “mining to cathode 
core boundary”.    
 
 

Emissions Intensity of Copper Concentrate =  0.5 
t CO2eq

t concentrate
 

 

                                                                      =  0.5 
t CO2eq

t concentrate
 ÷  0.26 

t Cu

t concentrate
  

 

                                                                         =  1.9 
t CO2eq

t Cu
   

 

Emissions Intensity of Smelting and Electrorefining =  0.98 
t CO2eq

t Cu cathode
 (see Appendix 1 

for source) 
 

Mine to Cathode Emissions Intensity =  1.9 
t CO2eq

t Cu cathode
+ 0.98 

t CO2eq

t Cu cathode
 

                                                                     

                                                                        = 2.88 
t CO2eq

t Cu cathode
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The mining company shall use this value as the baseline emissions intensity in the 
“Mining to Cathode core boundary” table of the “Data Entry” sheet of the excel tool. The 
mining company can assume a baseline recycled content and a target year recycled 
content of 0%. This ensures that the 1.5°C-aligned trajectory applicable for the company 
will be the primary copper trajectory for the mining to cathode core boundary. With a 
target year of 2030, the 1.5°C-aligned target emissions intensity reduction for the target 
year comes out to be 21.2% below the baseline emissions intensity value (for the 
Mining to Cathode core boundary). 
 
 
Exhibit 19: Sectoral and Company-Level Trajectories for a Copper Mining Company 
  

 
 
 
To set a target for the purchased goods and fuels production emissions category 
Assume that for this company, calculates a baseline emissions intensity value of 1.1 t 
CO2eq/t Cu for 2020. This includes the emissions from the production of various 
purchased goods (including but not limited to explosives, grinding media, chemical 
reagents etc.,) and production of fuels (including but not limited to coal, natural gas, 
diesel etc.,) used in mining to cathode manufacturing. This baseline emissions intensity 
value of 1.1 t CO2eq/t Cu along with the other variables are entered in the table below 
“Mining to Cathode core boundary” table in the "Data Entry" sheet. This gives a 1.5°C-
aligned target % emissions intensity reduction for the 2030 target year to be ~ 53% 
below the 2020 value. 
 

Example 2 
In this example, assume a company that is fully integrated and produces copper 
cathodes. The company produces copper concentrate at its mines. But it also 
purchases concentrates from the market. The company has two facilities that use 
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concentrates (self-manufactured and purchased) to produce cathodes. For a baseline 
year of 2020, assume the company’s concentrate production is around 120,000 tonnes 
with a reported emissions intensity (for mining to concentration) of 2.25 tCO2 eq/t Cu in 
Concentrate (see Exhibit 20). Assume the company purchases 100,000 tonnes of 
concentrate whose emissions intensity is assumed to be 2.7 tCO2 eq/t Cu in 
Concentrate. Assume both the emissions intensity values mentioned above do not 
include purchased goods and fuels production emissions and electricity generation 
upstream emissions.   
 
Exhibit 20: Mining and Concentration Emissions for the Concentrates   

Emissions Source Amount of Copper Emissions 

Concentrate 
production at 
company’s mines 

120,000 t Conc 
(28% Copper) = 
120,000 x 0.28 = 
33,600 t Cu in conc 

33,600 x 2.25 
tCO2 eq/t Cu in 
Concentrate 

75,600 tCO2 eq 

Purchased 
concentrate 

100,000 t Conc 
(26% Copper) = 
100,000 x 0.26 = 
26,000 t Cu in conc 

26,000 x 2.7 
tCO2 eq/t Cu in 
Concentrate 

70,200 tCO2 eq 

Total   145,800 tCO2 eq 

 
 
The company has two facilities (A and B) that take the produced and purchased 
concentrates along with some recycled copper to make copper cathodes. The 
emissions from smelting to cathode production are outlined in Exhibit 21.   
 
Exhibit 21: Emissions from Smelting to Electrorefining for the Cathodes   

Cathode Production 
Primary 
Portion 

Recycled 
Portion 

Emissions 

Facility A produces 
45,000 t Cu 
cathodes 

25,000t 
primary 

20,000t 
recycled 

45,000 x 0.5 
tCO2 eq/t Cu 
cathodes 

22,500 tCO2 eq 

Facility B produces 
60,000 t Cu 
cathodes 

34,000t 
primary 

26,000t 
recycled 

60,000 x 0.7 
tCO2 eq/t Cu 
cathodes 

42,000 tCO2 eq 

Total    64,500 tCO2 eq 

 
 

Mine to Cathode Emissions Intensity 

=  
(145,800 + 64,500) t CO2eq

(45,000 + 60,000)t Cu cathodes
 =  2.0

t CO2eq

t Cu cathodes
 

 
Recycled Content 

=  
(20,000 + 26,000) t recycled copper

(45,000 + 60,000)t total Cu cathodes
 =  44% 
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The baseline mine to cathode core boundary emissions intensity for the company is 
estimated to be 2.0 tCO2 eq/t Cu cathode with a 44% overall average recycled content 
for the produced cathodes. Assuming a target year of 2035, with a target year recycled 
content of 50%, the excel tool gives a 1.5°C-aligned percentage reduction target for the 
mine to cathode core boundary emissions intensity to be around 45.6%.  
 
The company choses to use the non-emissions metric “% net−zero aligned procurement 
spend for suppliers responsible for emissions−intensive activities” to set a target for the 
purchased goods and fuels production emissions category. Assume the company 
calculates the baseline value for this metric to be 10% for the baseline year of 2020. For 
a target year of 2035, the company shall ensure that all 100% of the company’s 
procurement spend for suppliers responsible for emissions−intensive activities goes to 
net−zero aligned suppliers.  
 

Example 3 
Here, assume a stand-alone semi-fabrication company that purchases all of it's copper 
cathodes from the market and produces copper wire rod. For a baseline year of 2021, 
the company purchases 40,000 tonnes of copper cathodes from the market. Assume 
these cathodes have a 13% recycled content (global average value for 2021, see 
Appendix 1). If the mine to cathode emissions intensity is not provided by the cathode 
supplier, the global average emissions intensity value (5.4 tCO2 eq/t Cu cathodes) can 
be used. This global average emissions intensity value includes emissions from the 
production of purchased goods and fuels used in mining to cathode manufacturing 
processes. The company also purchases 15,556 t of recycled copper to be melted 
along with the cathodes in the fabrication process. The company produces 50,000 
tonnes of copper wire rod each year. 
  
The emissions intensity associated with the copper wire rod production at the company 
is 0.2 tCO2 eq/t Cu wire rod (assume this value is calculated and reported by the 
company and the value also includes the emissions from production of purchased 
goods (other than copper cathode) and fuels) The overall mine to fabrication emissions 
are outlined in Exhibit 22. 
 
 
 
 
Exhibit 22: Mining to Fabrication Emissions for the Copper Wire Rod   

Description Quantity Emissions 

Purchased copper 
cathodes 

40,000 t Cu 
cathodes  

40,000 x 5.4 
tCO2 eq/t Cu 
cathodes 

216,000 tCO2 eq 

Copper wire rod 
production at 
company’s mines 

50,000 t Cu wire 
rod  

50,000 x 0.2 
tCO2 eq/t Cu wire 
rod 

10,000 tCO2 eq 

Total   226,000 tCO2 eq 
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Mine to Fabrication Emissions Intensity 

=  
(216,000 + 10,000) t CO2eq

50,000 t Cu wire rod
 =  4.52

t CO2eq

t Cu wire rod
 

 
Recycled Content for Copper Wire Rod  

=  
((40,000 × 13%) + 15,556) t recycled copper

(55,556)t total copper
 =  38% 

 
Assume this company wants to set a % target for emissions intensity reduction for the 
full Mining to Fabrication boundary (i.e., including emissions from production of 
purchased goods and fuels). For a target year of 2030, assume the target year recycled 
content values for the cathode and the copper wire rod are the same as the baseline 
year values. Entering all the baseline year emissions intensity and recycled content 
values along with target year recycled content values in the “Mining to Fabrication” table 
(under Option 1) of the “Data Entry” sheet of the excel tool gives a 1.5°C-aligned target 
mine to fabrication emissions intensity reduction of 30% below the baseline emissions 
intensity value for the target year 2030.  
 
The company can also set a % reduction target for GHG intensity for the purchased 
cathodes based on the full Mining to Cathode boundary. Since the global average 
mining to cathode emissions intensity value used includes emissions from production of 
purchased goods and fuels, all the relevant data shall be entered in the “Mining to 
Cathode” table under Option 1 in the "Data Entry" sheet. This gives a 28% reduction 
target for the Mining to Cathode emissions intensity for the purchased cathodes.  
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Appendix 4: Comparing Emissions Intensity Reductions and Absolute Emissions 
Reductions for the Copper Sector 
 
The current decarbonization trajectory for primary copper for the full Mining to Cathode 
boundary (includes purchased goods and fuels production emissions and electricity 
generation upstream emissions) results in an overall emissions intensity reduction of 
30% by 2030 compared to a 2020 baseline. This is similar to the 1.5°C-aligned 
emissions intensity reductions seen in other sectors like steel and aluminum. However, 
there is an increase in absolute emissions of primary copper production of ~22% by 
2030 compared to a 2020 baseline. This is because, unlike in other sectors, copper 
production is expected to increase significantly between now and 2030 as a result of 
increased adoption of EVs, solar, wind energy systems, and other renewable energy 
infrastructure. Therefore, this increase in absolute emissions for copper production can 
be seen as enabling significant emissions reduction in other sectors like power 
generation and transportation. This will ensure that the overall emissions from the 
economy stay within a 1.5°C budget even if there are fluctuations in emissions of 
individual sectors.           
 
 Exhibit 23: Changes in Mining to Cathode Emissions Intensity and Absolute Emissions 
for Primary Copper 

Description 2020 2030 2040 2050 

Emissions 
Intensity – 
Primary Copper 
(tCO2 eq/t Cu 
cathode) 

4.8 3.3 1.5 0.4 

% change 
compared to a 
2020 baseline 

 -30% -68% -91% 

Absolute 
Emissions – 
Primary Copper 
(million tCO2 eq) 

93.0 113.6 60.02 17.3 

% change 
compared to a 
2020 baseline 

 + 22% -35% -81% 
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