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circular economy technology center (circulartec) 

CircularTec is a non-profit organization whose mission is to promote research, 
development and collaborative innovation between industry, academia, 
government and the territory based on the circular economy model, which allows 
generating triple value for Chile.

Its main strategic focuses are circular territorial development, increasing the 
transfer of university-industry solutions, the development of technology-based 
circular ventures and international cooperation for circularity with special 
emphasis on copper mining, solar energy and lithium.

The center has the support of the Government of Chile through the Corporación 
de Fomento a la Producción (CORFO), BHP-Pampa Norte, Collahuasi, TECK 
Resource and Neptuno Pumps. Its founding institutions are 8 of the leading 
universities in Chile. 

For further information - www.circulartec.cl

the center for copper and mining studies (cesco) 

CESCO is an independent and pluralistic non-profit organization, based in Chile. 
Established in 1984 as an association of professionals in the sector, it promotes 
social legitimacy and strong public policies in the mining industry in countries 
where mining is strategic for its development. In addition to monitoring, providing 
information and quality analysis, it supports and promotes activities that foster 
dialogue between the different stakeholders of both the mining industry and civil 
society. Its main public events are CESCO Week in Santiago and Asia Copper 
Week in Shanghai.

For further information - www.cesco.cl

mining innovation hub of peru 

The Mining Innovation Hub of Peru is an associative program that facilitates 
innovation through collaboration. It was established in 2019 on the initiative of 
mining companies and it is its partner companies that actively make decisions 
through the board. Its lines of action are threefold: (i) promoting a culture of 
innovation and collaboration; (ii) sharing and connecting among peers, and (iii) 
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bringing the national and international innovation ecosystem closer together in 
response to the challenges of the sector. As a result of these course of action, 
a portfolio of innovation initiatives, individual or collaborative, is built, which 
is permanently available in order to maximize value either through the sum of 
efforts with other actors or through knowledge and collective learning. Currently, 
there are 11 partner companies and more than 20 allied organizations.

For further information - www.hubinnovacionminera.pe

center for innovation and circular economy (ciec)

CIEC is a private entity founded in the Tarapacá region of Chile, which has been an 
international pioneer in promoting circular economy, especially in Latin America. 
Its mission is to promote the transition to a circular economy in the region 
through the design and implementation of circular business models, capacity 
building, innovation, high-impact entrepreneurship and all related activities that 
allow the creation and capture of social, environmental and economic value. 

For further information - www.ciecircular.com

This document was prepared as input for the project "Critical factors for 
the development of high-value socio-technological niches and promoters of 
sustainable mining in the Andean Region", which was led by CESCO with the 
support of the German Cooperation MinSus project.

the arrival of the circular economy in primary mining in 
chile, peru and colombia

4// january 2022



 contents

 presentation 7

 summary 8

 objectives and methodology 9

objectives 9

methodology 9

the concept of circular economy in the world and its 
advances

14

the concept 14

advances in the world 18

advances in latin america and the caribbean 20

circular economy in mining 24

minerals and metals for the 1.5°c target: 
opportunity, responsibility and effects

24

what do we mean by circular mining? 27

urban mining and circularity of mining processes, a 
necessary distinction

30

the arrival of circular economy in the primary copper 
industry in chile, perú and colombia

34

contextual elements and challenges 34

global 34

regional (chile, peru and colombia) 37

industry 38

the arrival of the circular economy in primary mining in 
chile, peru and colombia

5// january 2022



barriers to promoting circularity in the andean 
mining sector

41

conservative mentality (mindset) 41

lack of legal incentives 43

lack of r+d+i 45

low cooperation in industry and with other 
industries

47

weakness in local circular supply chain 48

lack of information 50

knowledge gap 51

low positioning 53

need for evidence and traceability 55

lack of international cooperation 56

circularity challenges for the next 10 years 57

technology-based innovation for circular economy in 
primary copper mining

61

a global view of mining waste 63

the massive copper mining waste market 65

two examples of circularity opportunities 68

tailings 68

grinding balls 70

 synthesis and recommendations 75

 references 78

 annexes 86

workshops matrices 86

the arrival of the circular economy in primary mining in 
chile, peru and colombia

6// january 2022



presentation

This document synthesises the results achieved by the working group “The arrival 
of circular economy in primary mining in Chile, Peru and Colombia”, which has 
been part of the project “Critical factors for the development of high-value socio-
technological niches and drivers of sustainable mining in the Andean Region”, 
developed by the Centre for Copper and Mining Studies (CESCO, in Spanish). 

The main objective of this process has been to identify the advances, barriers-
gaps, technological opportunities, and the generation of policy recommendations, 
from a multi-player perspective for the incorporation and acceleration of the 
circular economy in the copper mining sector, in the three countries covered by 
this work.

The work agenda included the development of four workshops organised between 
the months of October 2021 and January 2022. In each of these activities, more 
than 15 representatives of industry, government, academy, and NGOs of the 
three countries participated. In addition to the above, 20 in-depth interviews 
were conducted that nurtured the conversations and the present report. 

This document has been made possible thanks to the cooperation of many 
people and institutions. First, we thank each of the participants in workshops, and 
interviewees, who have generously given their knowledge and recommendations, 
in a framework of remarkable respect and enthusiasm, in a context still marked 
by the COVID-19 pandemic, which keeps affecting everyone’s working and 
personal life. 

Secondly, we thank the Technology Centre for Circular Economy (CircularTec), the 
Centre for Innovation and Circular Economy (CIEC), and the Mining Innovation 
Hub of Peru, which have strongly supported the development of this study, 
without which, it would not have been possible to meet each of the proposed 
objectives.

Finally, we thank CESCO for the trust placed in our work team to address a 
fundamental issue for the Sustainable Development of the Latin American 
countries and the Caribbean and, especially, for the mining industry of the region

Andreé Henríquez Aravena  
Executive Director  

Technology Centre for Circular Economy 
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 summary

The arrival of circular economy (CE, hereafter) in the primary mining sector 
in the Andean region comes at a crucial moment. The latest report of the 
Intergovernmental Panel on Climate Change (IPCC) has warned that “unless 
greenhouse gas emissions are reduced immediately, rapidly, and on a large scale, 
limiting global warming to close to 1.5°C or even to 2°C will be an unattainable 
goal” (IPCC, 2021).

In order to contain the increase in greenhouse gas emissions, it is agreed that 
minerals and metals will have a key role in providing the basic materials that make 
possible the development and functioning of clean energies, electromobility and 
4.0 technologies which will enable a climate action with a positive impact. The 
World Bank has estimated that 3,000 million tons of minerals and metals will be 
required by 2050, for the implementation of wind, solar and geothermic energy, 
as well as the energy storage (batteries), and be able to achieve a temperature 
reduction below 2°C in line with the Paris commitments (Hund et al., 2020)

However, this opportunity for industry growth, especially copper, implies that the 
entire value chain makes decisive progress in the reduction of greenhouse gas 
emissions, and the use of high-stress resources such as water, so that its climate 
contribution outweighs its climate impacts, contributing to the generation of 
economic, social, and environmental value.

This is the scenario where CE, as a restorative and regenerative model from the 
design, which seeks to decouple economic growth from the use of energy and 
resources, closing the cycle of materials in the economic system, is presented to 
us as an opportunity to move towards climate change mitigation and adaptation 
in primary copper mining in Chile, Peru, and Colombia. 

Making progress in the implementation of this new model in the region, requires 
an understanding of its context and the present barriers. From a change in 
the mining mentality, the need for new rules that foster circularity, increased 
investment in research and development to enable new technologies based 
on the circular model, the strengthening of a local circular supply chain and 
the availability of information, among others, it is evident that the challenge 
is enormous and requires the cooperation of all State institutions, industry, 
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academy, civil society and international organisations; it can be stated that CE 
is cooperation.

The use of CE has a threefold importance for the industry. First, its contribution 
to the struggle against climate change and the pariah agreements. Secondly, 
contributing to the generation of shared value in the societies where they are 
inserted, strengthening the valuation of mining in a political and social context 
in the region with deep tensions on the road to building stronger democracies. 
Third, contributing to the resilience of operations in an environment which will 
offer new challenges to extraction processes.

Finally, for the countries of the region, moving forward in this new economic 
model is also an opportunity to achieve a just transition for all. Even though CE is 
not a silver bullet for the solution of all the problems of the region, it is one of the 
means available to move towards building a more sustainable society.

 objectives and methodology 

objectives 

The general objective of the working group has been to identify the advances, 
barriers-gaps, technological opportunities, as well as the generation of policy 
recommendations, from a multi-player perspective for the incorporation and 
acceleration of the CE in the copper mining sector in Chile, Peru, and Colombia.

The specific objectives have been:

1. Identification of barriers to boosting circularity in the Andean mining 
sector, especially production and regulatory barriers. 

2. Establish a potential circulatory inventory for some mining wastes in Chile 
and Peru. 

3. Identify potential solutions/products for the circularity inventory. 

4. Generate a set of recommendations for the development of a medium and 
long-term circularity agenda for the mining industry in the Andean region. 

methodology 

The study considered three sources of information for its implementation: 

 • State of the Arts: This stage consisted of a review of reports and databases 
of national and international organisations in the mining field, copper 
mining, sustainability, and CE. In addition to the above, a selective review 
of scientific literature indexed in the Web of Science (WoS) database was 
carried out. 
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Figure N°1: Workshops, objectives, and description

Source: Own elaboration

All this information allowed both, the contextualisation of the conversation 
about the arrival of CE in the Andean primary copper mining and providing 
evidence for each of the subjects covered by the present report. 

 • Multi-actor workshops: These were the backbone of the process and 
consisted of inviting key players in copper mining, sustainability, and 
CE of companies, government, academia of Chile, Peru, and Colombia, 
plus representatives of international organisms. Below, you can see 
participation by countries and sectors: 

Table N°1: Participation in workshops by countries and sectors

Country Amount Sector Amount 

Chile 15 Industry 17

Peru 7 Government 3

Colombia 3 Academia 4

International Organisation 1 Internacional Organisation 1

Total 25 Total 25

A total of four workshops were held, where each of the objectives proposed for 
this study were addressed. The following figure, shows the objective of each of 
the workshops organised:
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Figure N°2: Example of a matrix used in workshops via MIRO®1

Source: Own Elaboration

1. Annex 1 presents all the matrices used in the 4 workshops.

To facilitate the process of conversation among the participants, the online 
programme MIRO (www.miro.com) was used, in which a series of matrices were 
designed to guide the conversation. Below, a sample figure corresponding to 
workshop N.2: “Identifying barriers to boosting circularity in the Andean primary 
mining”: 

In-depth interviews: A total of 20 semi-structured interviews were conducted, 
with Sustainability and CE leaders in the copper mining industry in Chile, Peru, 
and Colombia. These interviews addressed:

1. CE progress in the copper mining industry. 

2. Main barriers that remain to incorporate and accelerate CE in the copper 
mining industry. 

3. Opportunities provided by CE to the copper mining industry. 

4. Recommendations for deepening and accelerating CE in industry. 

Participation by sector and country is shown in the following table: 
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Table N°2: Participation in interviews by countries and sectors

Country Amount Sector Amount 

Chile 10 Industria 13

Peru 4 Gobierno 4

Colombia 5 Academia 2

International Organisation 1 International Organisation 1

Total 20 Total 20
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the concept of circular economy in the world 
and its advances 

the concept 

CE has been promoted by governments, international cooperation institutions, 
the academia, companies and the civil society at the global level, especially in 
Europe (Korhonen, Honkasalo, et al., 2018). Its definition has been complex and 
not without confusions in recent decades (Korhonen, Nuur, et al., 2018; Reike et 
al., 2018). This has led to the need to generate a consensus on what is meant 
by CE and the possibilities it offers. In this matter, the works of Prieto-Sandoval, 
Jaca & Ormazabal, (2018), Geisendorf & Pietrulla (2018) and Kirchherr, Reike, 
& Hekkert (2017) have been essential in providing clarity and reaching the 
conclusion that CE Incorporates different operational levels within the conceptual 
framework, from recycling to redesigning, and it is a direct and indirect result of 
various previous works in fields such as the Blue Economy, Natural Capitalism, 
Economic Performance, Industrial Ecology, Cradle to Cradle, among others, 
which have provided a conceptual basis for its current development.

Among the multiple possible definitions, the one by Kirchherr et al. (2017, p224) 
contains most of the core elements of the current circular model: 

“A circular economy describes an economic system based on commercial 
models that replace the ‘end-of-life’ concept with reducing, alternatively reusing, 
recycling and recovering materials in production/distribution and consumption 
processes, therefore, operating at the  micro level  (products, companies, 
consumers), meso level (eco-industrial parks) and macro level (city, region, 
nation and beyond), with the aim to accomplish sustainable development, thus 
simultaneously creating environmental quality, economic prosperity and social 
equity, to the benefit of current and future generations”

On the other hand, the European Commission has defined CE as the one that:

“Aims at maintaining the value of products, materials, and resources for as long 
as possible, returning them to the product cycle at the end of their use, while 
minimising the generation of waste. The fewer products we discard and the 
fewer materials we extract, the better for our environment”. 

(European Commission, n.d.)
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Figure N°3: Butterfly diagram of the circular economy Ellen 
McArthur Fundation (EMF)

Source: Ellen McArthur Foundation (2019)

As for its objective, it is worth mentioning that CE is not an end in itself, but a 
road to move towards the replacement of the linear model that has prevailed 
until now (Ellen Macarthur Foundation, 2014). This, based on being regenerative 
and restorative by intention and design to allow systems to close their cycles 
in the process of generating and capturing economic, social, and environmental 
value, decoupling the use of materials and energy from the production growth 
(Morseletto, 2020). 

From the above, multiple areas and levels of knowledge in CE have been 
developed from the systematisation and analysis of practical cases through 
seminal studies by Geng & Doberstein (2008), the establishment of indicators 
like the ones proposed by Elia, Gnoni, & Tornese (2017)the circular economy 
(CE, the importance of business models with Whalen (2019), circularity in 
cities by Prendeville, Cherim, & Bocken (2018), innovation and industry 4.0, 
with Nascimento et al. (2019), and the ever elusive relationship between CE 
and consumer behaviour with Hazen, Mollenkopf, & Wang (2017), among many 
others, which explain the 72% average growth in indexed scientific journals 
between 2015-2020 (Martínez-Cerna et al., 2019).

The most commonly used model to explain the CE principles and process, comes 
from the work of Ellen MacArthur’ foundation. Three principles sustain this 
model: (1) Eliminate waste and pollution from design; (2) Maintain products and 
materials in use and (3) Regenerate natural systems.
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Figure N°4:  Adapted Butterfly EMF Diagram by CIEC

Source: CIEC (2019)

Figure N°5: Circularity Strategies by Kirckherr et al.

Source: Corfo (Chilean Production Development Corpporation), adapted from 
Kirchherr et al. (2017)

Similarly, the Centre for Innovation and Circular Economy (CIEC) has made an 
adaptation and simplification of the butterfly diagram, adding the component 
industry 4.0 due to its relevance for its present and future development. The 
basic premise of this model is that CE and industry 4.0 are part of a single 
transformative process aiming at dematerialisation and a highly efficient use of 
Smil resources (2014), where technologies emerging from the fourth industrial 
revolution will be the basis to reach circularity levels that current technologies 
do not allow.

In addition, a series of proposals have been developed to organise the various 
actions that can be carried out to promote circularity in practical terms, known 
as the circularity Rs. The following is an adaptation of Kirchherr et al., (2017) by 
the Chilean Production Development Corporation.
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Figure N°6: Circular economy levels

Source: Prieto-Sandoval et al. (2018)

One of the main contributions of this model is to place CE outside a binary space 
of understanding (yes-no) and to show that there are degrees of circularity which 
can be reached through various actions, being recovery and recycling the tip of 
the iceberg of a much deeper process that any organisation can go through.

Finally, CE is deployed at several levels of analysis that need to be considered 
and articulated. The higher (macro) level refers to approaches at supranational, 
national, and urban levels which usually bring together discussions of broad 
strategies as a roadmap and CE policies. The second (meso) level refers to the 
relation among companies, industrial sectors, where the articulation between 
institutions of a common production network can drive the transition. Finally, the 
third (micro) level deals with the individual corporation or organisation and its 
individual processes. 
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Figure N°7: Global circularity flow

Source: (Circle Economy, 2022)

advances around the world 

While there has been significant progress regarding political commitments 
at national and international level, with the design and approval of various 
roadmaps, strategies, plans and funds, the reality is that in 2022, the planet’s 
circularity reached 8.6%; this represents a 5% drop compared to 2019, in a 
global economic system that consumed 70% more than what the planet can 
safely provide (Circle Economy, 2022) This is the current scenario of CE at the 
global level, which speaks of its initial stage in terms of results, and is expressed 
in the following Sankey diagram from the latest The Global Circularity Report 
2022.

Despite the limited results achieved, countries continue to make progress in the 
design and implementation of roadmaps, strategies, and policies. The European 
Union and its Action Plan 2015 and 2020 (European Commission, 2020b) in 
the context of its Green Pact, has been the global benchmark for the design of 
actions in countries of the old continent, such as The Netherlands, and their 
2050 plan (Netherlands Enterprise Agency, 2019), Finland’s Roadmap 2016-
2025 and its update (Sitra, 2016), Germany’s updated roadmap 2021 (CEID et 
al., 2021). In addition to the above actions, Japan’s Vision 2020 (Japan, 2020), 
China’s 14th Five-Year Circular Economy Development Plan 2021, and Australia’s 
Waste Policy 2018, show the political commitment of moving forward towards 
the implementation of this new economic model. 
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Figure N°8: Number of publications on circular economy 1995-
2020

Source: Martínez-Cerna et al. (2021)

Similarly, there is a growing number of global corporations that have taken over 
the circularity commitment, such as Apple, Schneider Electric, DOW, ENEL, IKEA, 
Adidas, Patagonia, H&M, HP, North Face, Lego, Danone, DS Smith, Black Rock, 
Renault, Philips, Unilever, SC Johnson, L´Oréal, Nestlé, Lacoste, Microsoft, 3M, 
among others. They are joined by an undetermined number of national companies 
and start-ups based on the CE model. Besides, a series of international business 
institutions, such as the World Economic Forum (WEF), the World Business 
Council for Sustainable Development WBCSD), the International Council on 
Mining and Metals (ICMM), are also fostering circularity at the international 
level. 

This is in addition to the work of various multilateral organisations such as the 
United Nations, the World Bank, the Interamerican Bank of Development (BID, 
in Spanish), the Organisation for the Economic Development and Cooperation 
(OECD), the Economic Commission for Latin America and the Caribbean 
(ECLAC), among other groups of international cooperation entities , such as 
SITRA from Finland, Konrad Adenaur Stiftung and its EKLA programme and the 
Deutsche Gesellschaft für Internationale Zusammenarbeit (GIZ) GmbH. 

On the other hand, academia is taking an increasingly important role in thinking 
about CE, with indexed publications increasing rapidly at an average rate of 72% 
per year since 2006, which is strongly concentrated between 2017 and 2020 
(Henríquez-Aravena et al., 2021). The following graph shows the rise in indexed 
publications Web of Science (WOS) for 1995-2020: 
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Figure N°9: The 15 countries with the highest scientific 
production in the Circular Economy, between 1995 and 2020

Source: Martínez-Cerna et al. (2021)

European countries and China concentrate the scientific production in CE. Within 
Latin America and the Caribbean, only Brazil stands out in this area. 

advances in latin america and the caribbean

Latin America and the Caribbean have shown important progress at the level of 
public policies, as CE is recognised as a valid model to boost the development of 
the countries of the region. Until 2020, 196 public initiatives related to CE issues 
were identified , which are distributed in programmes (34%), regulations (16%), 
strategies (13%), and agreements (23%) (Martínez-Cerna et al., 2019).

Unlike developed countries, the CE in the region can support the challenge of 
a just transition, to fight social inequality in its broad economic, social, political, 
gender, and environmental spectrum, since inequality remains a brake on 
sustainable development in the continent. (Schröder, P; Albaladejo, M; Alonso 
Ribas, P; MacEwen, M y Tilkanen, 2020).

Given that CE is a process that is just beginning to unfold in the region, there 
is a significant lack of knowledge regarding its meaning and the opportunities 
it opens to national and territorial governments, to business organisations, 
to the academy, and to the society. The data provided by the survey “Moving 
towards circular economy: Opportunities and steps for Latin America” of the 
Konrad Adenauer Foundation and its EKLA programme (Henríquez-Aravena 
et al., 2021), have provided recent evidence about the degree of knowledge in 
the region. As observed in the following figure, only International Cooperation 
is considered with a ‘high’ level of knowledge, while the rest of the sectors are 
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Figure N°10: How would you rate the level of knowledge about circular 
economy of the following groups in your country of residence? (%)

Source: Henríquez-Aravena et al. (2021)

concentrated between low and moderate, the 44.3% that companies achieve in 
the ‘Low’ category stands out.

At the same time, the strong association between the concepts of CE and recycling 
was verified, after asking To what extent are the following concepts associated with 
CE in your country of residence? Where the categories “Very much” and “Quite a 
lot” reached 24.1% and 35.1%, followed by reusing that, for the same categories, 
reached 14.1% and 30.3%. On the other hand, the least associated concepts are 
remanufacturing with 41.4% and redesign with 38.9% for the category “Little” 
and rethinking with 22.3% for the category “None”. These results in the level 
of knowledge and conceptual association are contextual elements that must be 
considered when evaluating the moment CE is living in the region.

In turn, scientific research on CE in Latin America and the Caribbean is still 
incipient and does not represent in total more than 4.5% worldwide. This must 
be read in the context of the region’s low investment in science, technology, and 
innovation in general. Below, the number of scientific publications by countries 
is indicated:

Table N°3: Participation in scientific production on circular economy – Latin America Latina

Countries/Regions Records % Latin America 2020 
report

% Latin America 2019 
report

Brasil 157 59.2% 55.40%

México 29 10.9% 13.70%

Chile 27 10.2% 11.50%

Colombia 19 7.2% 7.90%

Argentina 9 3.4% 2.90%
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Bolivia 8 3.0% 2.90%

Ecuador 7 2.6% 2.90%

Perú 4 1.5% 2.90%

Costa rica 2 0.8% -

Panamá 1 0.4% -

Uruguay 1 0.4% -

Venezuela 1 0.4% -

Total 265 100% -

Source: (Martínez-Cerna et al., 2019)

Th scenario in the region and its challenges can be synthesised in the following 
14 great recommendations: 

Table N°4: 14 recommendations for moving towards circular economy in Latin America and the Caribbean 

1 Building productive partnerships and transformative alliances, both within the countries of the region and among 
them 

2 Promoting a green recovery; the just transition towards a CE offers a sustainable framework to guarantee that LAC’s 
future is inclusive and resilient from the environmental, social, and economic viewpoint. 

3 Increase the long-term level of commitment of the region’s political leaders with the global sustainability agenda and 
the SDGs. 

4 Increasing the State capacity and the creation of solid and transparent institutions become essential to ensure the 
transition from a linear to a circular model. 

5 It is fundamental to guarantee the active participation of all parties involved, for just transitions and inclusive 
political processes. 

6 National and local governments must prioritise the challenge of municipal waste management in the LAC region.

7 Governments also play a key role as sources of funding for new infrastructure initiatives, education, and R+D, 
relevant to drive the transition towards CE and link it with the development of the industry 4.0 technologies. 

8 Collaboration among national governments, cities, companies, universities, and the civil society will pave the way for 
taking advantage of the opportunities offered by the transition to the CE. 

9 Increase funding for entrepreneurship to scale up these ideas and generate the necessary networks to boost the CE. 

10 Keep promoting business models based on CE to foster innovation and capture value, create high quality and decent 
Jobs, apart from exporting raw materials. 

11 EPR policies and the governance models of LAC countries must encourage not only the producers, but also the other 
supply chain players, to comply with the tasks and responsibilities that have been assigned to them.

12 It will be necessary to formulate complementary policies to promote eco-design and product innovation to reinforce 
regulatory control on intellectual property. 

13 Transition towards an inclusive CE and circularity-oriented policies, must be guided by an increasingly solid and 
ambitious basis

14 To become leaders in a sustainable bio-CE, LAC countries must make sure that high-added value operations are 
carried out within the framework of national economies. 

Source: Own elaboration from Schröder, P; Albaladejo, M; Alonso Ribas, P; MacEwen, M y Tilkanen, (2020)
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circular economy  
in mining 



Figure N°11: Projected average annual demand for minerals until 2050, 
according to the EIA Energy Technology Perspective scenarios

Source: (Hund et al., 2020)

circular economy in mining 

minerals and metals for the 1.5°c goal: 
opportunity, responsibility, and effects 

There is consensus that minerals and metals will have a key role in mitigating and 
adapting to climate change. Various reports from the United Nations (UN), the 
World Bank (WB), the Inter-American Development Bank (IDB), the Economic 
Commission for Latin America and the Caribbean (ECLAC), among others, have 
highlighted its importance (Hund et al., 2020; Rüttinger et al., 2016; Spano et al., 
2021; Unzueta et al., 2022). 

Mining strategic value emerges from its importance to provide the basic 
materials that make possible the development and functioning of clean energies, 
electromobility and 4.0 technologies which will enable a climate action with 
a positive impact. The World Bank has estimated that 3,000 million tons of 
minerals and metals will be required by 2050, for the implementation of wind, 
solar and geothermic energy, as well as the energy storage (batteries), and 
be able to achieve a temperature reduction below 2°C in line with the Paris 
commitments (Hund et al., 2020)
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For Latin America and the Caribbean, the IDB suggests three scenarios for 
which it has calculated an economic opportunity of USD$50 billion per year in 
2050, because of increased demand for minerals for decarbonisation to limit 
the increase in global temperature to 1.5°C (the other two are 3.0°C and 2.5°C). 
According to the authors, copper and lithium are the minerals with the greatest 
impact on a commitment to a low-carbon transition. Copper and lithium increase 
from 1% to 10% when decarbonisation ambition rises, as a result of growth in 
demand from the light passenger vehicle and electricity sectors, with copper 
accounting for most of the total benefits: 86% of the total, that is, USD 43 billion 
(Unzueta et al., 2022). 

In addition to the above-mentioned opportunity, the mining industry, particularly 
the copper industry in Latin America and the Caribbean, will have the 
responsibility of achieving production targets to supply the international market 
while containing its effects on the environment, through low-carbon mining 
strategies. The United Nations Environment Programme (UNEP) establishes 
that between 1995 and 2015 GHG emissions from materials production have 
more than doubled, going from 5 to more than 11 Gt CO

2
, due to the increase in 

the production of virgin materials. Metallic minerals account for 4.8 Gt in 2015 
figures (Hertwich et al., 2020).

The IDB establishes the same conclusion, when stating that “While these results 
establish the potential benefits of the low-carbon emissions transition for the LAC 
countries, the actual production will depend on specific environmental, social 
and governance factors of the country. Mining is a key factor in the economy of 
many LAC countries. The significant demand for minerals like copper and lithium 
from low-carbon technologies also means that LAC countries will play a major 
role in global decarbonisation efforts. However, mining often involves significant 
environmental and social risks, which need to be managed with care to ensure 
sustainable development. This will be developed in later sections of this report.” 
(Unzueta et al., 2022, p. 13).

Along with opportunity and responsibility, the mining industry, in any climate 
scenario, will also have to be able to mitigate and adapt to the effects that climate 
change produces on operations. As established by the International Council on 
Mining and Metals (ICMM), industry will need to tackle the risks, for which it has 
provided some hypothetical examples to convene industry:
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Table N°5: Priority climate risks and critical thresholds identified in three hypothetical case studies developed during the 
2017 ICMM workshop in South Africa.

Open pit Operation Extreme rainfall causes flooding in pits More “loss days”, uncontrolled discharge 
of mine-affected water (non-compliance 
with water use license) 

Local communities Higher temperatures and droughts lead 
to increased dust load 

Incidence of disease and increased cost 
of dust suppression. 

Local environment Drought and higher temperatures 
impact mine rehabilitation plans 

Basal cover, wildlife index, environmental 
flows 

Underground Operation Higher surface temperatures cause 
increased underground ambient 
temperature 

Cooling cost, availability/use of energy 
and cooling water, capacity limits of 
cooling equipment 

Local communities Extreme rainfall causes damage to 
infrastructure/agricultural land* 

Loss of livelihood 

Local environment Extreme rainfall leads to pollution 
of water resources and freshwater 
scarcity* 

Environmental flow, license to operate, 
water use allocation hierarchy 

Foundry/
Refinery

Supply chain/
logistics 

Extreme rainfall causes interruption of 
the supply chain (roads, power lines) 

Amount of rainfall in a 24-hour period; 
number of days of interruption of raw 
material inflows 

Local Communities Droughts - Water reduction in local 
watercourses 

Litres of water per person daily; litres 
of water per hectare; litres of water for 
agricultural land cultivation; ecological 
limits for drinking water 

Operation Higher temperatures lead to reduced 
productivity in the process area 

Temperature rise of 1.5°C or more in 
working areas; operating parameters of 
machinery 

Source: ICMM (2019)

The range of effects that climate change brings to mining operations makes it 
necessary to think about their identification, categorisation, and approach. For 
this, from the ICMM the following 7 steps have been proposed:
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Figure N°12: Step-by-step process to identify priority physical climate 
risks and measures to address them

Source: ICMM (2019)

The opportunities, responsibilities, and effects that climate change presents to 
the mining industry, are the framework for developing sustainability and green 
mining strategies, in which CE is inserted. Without this framework, dealing with 
circularity lacks strategic sense, limiting its progress.

what do we mean when talking about circular mining? 

The CE implementation in the mining sector is relatively recent. The publication 
of the document Mining and Metals and the Circular Economy (ICMM, 2016) 
has been one of the first integrated efforts to propose a way forward for the 
industry. Subsequently, and increasing but limited number of scientific papers 
and documents have gone in depth on various aspects of this new model in the 
sector (Lèbre et al., 2017). 

The CE, in the mining sector, focuses on maximising value, minimising waste 
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generation through all stages of extraction and processing and the focused 
preservation of natural resources and their value by extending the life span of 
the extracted minerals (Young et al., 2021). This, in a systemic framework that 
requires cooperation within the industry as well as with other market players, 
who can be attracted to capture and share value.

It should be borne in mind that any mining company is not only a raw material 
supplier, but also an important buyer and user of goods and services, which 
allows to increase the possibility of circularity to be extended to its entire value 
chain, being an opportunity that must be taken.

As proposed by ICMM (ICMM, n.d.): 

“There is also scope for mining operations to adopt a circular approach to 
business. Apart from considering the environmental and social impacts of their 
operations, mining companies can adopt, which in fact they do, measures to 
minimise negative effects, share best practices and reduce waste”

Some of the most common examples used to promote mining circularity have 
been:

 • Waste rock is used as filler, gardening material, and as aggregate in road 
construction. It can sometimes be used to produce cement and concrete.

 • Sludge from the treatment of acid rock drainage - with a high iron content 
- can be sold commercially for use in pigments.

 • Slag from smelting operations is often used for road construction, and in 
concrete and cement.

 • Mine water is used for dust suppression and mineral processing, for 
industrial and agricultural uses and as a coolant. 

 • Continuous improvement of mining and processing activities to minimise 
water use and reduce tailings production. 

 • Industrial waste such as tyres, wear and tear materials, concrete, 
containers, and packaging, among others, which can be used by other 
industries as raw materials. 

Beyond each of those examples, the point is to understand that CE can be used in 
every part of the process, as proposed by Kracht & Townley (2021): 
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Figure N°13: Circular economy model in mining, adapted by EIT 
RawMaterials (2019)

Source: Kracht & Townley (2021)

Similarly, effort has been made to connect the guiding principles of the CE with 
those present in the mining industry. Young et al. (2021) work is one of the most 
successful in synthesising this relationship, as shown below:

Table N°6: Link between core circular economy principles and mining sector principles

Mining sector specific principles 

Core circular economy principles 
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Fair and equitable access to mineral resources X X

Extending mine life as a key mine design concept X X

Minimise and create value from mining waste and reject materials 
originating from mining and processing: sterile rock, tailings, slag, 
leached ore, mine water 

X X
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Improvements in the design and engineering technologies of 
extraction, processing, and facilities to promote CE objectives 
(zero waste, resource and energy efficient use, safety and working 
conditions, community health and socio-cultural protection, etc.) 

X X X

Incorporate social and environmental dimensions into all stages 
of the mine development process, including the prospecting and 
exploration phases. 

X X

Purchasing policies related to machines, equipment and products 
that incorporate key circularity attributes (e.g., recycling, carbon 
neutrality, durability, extended producer responsibility, etc.) 

X X X

Shift towards renewable energies and decarbonisation X X

Implement stockpile restoration loops of materials from mine 
waste present in both closed/abandoned mines and operational 
mines. 

X

Allowing for the potential future use of residual mineral deposits 
after the closure of the primary mine life 

X X

Rehabilitation of the mine site to eliminate on- and off-site 
contamination 

X X X

Source: Young et al., (2021)

The general framework guiding the CE implementation and acceleration in the 
mining industry is related to two fundamental aspects: its role in containing 
climate change and secondly, increasing its legitimacy in the societies where 
these activities are carried out; mainly developing countries like Chile, Peru, and 
Colombia in the case of copper.

urban mining and circularity of mining processes, a 
necessary distinction 

When talking about CE in the field of minerals and metals, a distinction must be 
made between the circularity possibilities intrinsically present in the final product 
(metal) because of its physical properties, and those applied to the production 
process achieving its transformation.

This distinction is valid for the primary copper industry, since “with its infinite life 
cycle, copper is truly a circular material that can be recycled over and over again 
without losing its physical properties” (Cooper Alliance, 2021). This circularity 
possibility makes it possible to move towards urban metal mining (UM), defined 
by Müller et al. (2019) as “the extraction of valuable materials from all those 
sources that have been created by man’s hand, such as buildings, infrastructure, 
consumer and capital durables and much more”.

The main UM characteristics applied to metals and minerals are synthesised in 
the following table:
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Table N°7: Comparison between extractive and urban mining 

Mining Urban mining

 • Based on geological resources 

 • Requires exploration and characterisation of resources; 
regulations available 

 • Finite: Limited by the availability of geological deposits 

 • Source of all metals in use 

 • Guarantees most of today’s metal supply 

 • Can be expanded to meet growing demand

 • Can be strongly concentrated in a few localities 

 • Impacto medioambiental significativo

 • It is difficult to get the population support 

 • The public is not directly involved in operations. 

 • Based on anthropogenic resources 

 • Requires exploration and characterisation of resources, 
regulations in the demonstration 

 • Finite: Limited number of materials in the anthroposphere 

 • Maintains metals in productive use longer 

 • Provides significant supply contributions for some metals 

 • Cannot meet growing demand 

 • Concentrated in urban zones (especially in industrialised 
countries) 

 • Usually has a lower environmental impact 

 • It is easier to get the population support 

 • Essential public contribution to the collection 

Source: Espinoza et al. (2020)

Urban mining is built upon the idea of recovery of metals, to be used infinitely 
in various applications. For that, several logistical, economic, technological, and 
environmental challenges must be met, which still limit the application of this 
concept on a global scale. On the other hand, “traditional” mining is based on the 
idea of extracting minerals from nature through various methods, which are well 
established in the literature.

Beyond the source (extractive or urban), CE can be seen at the level of process 
application. In this case, the challenge is redesigning the traditional processes 
from the exploration, extraction, and refining, among others, under CE principles. 
This is what concentrates most of the current argument in the industry at 
international level and large mining corporations have started to work on such 
strategies, although still focusing on waste management rather than process 
redesign.

The difference between the extraction source and the transformation process 
has been expressed in the following matrix. In this sense, mining can get its raw 
material from the extraction of nature (current system) or move towards urban 
recovery models. On the other hand, the transformation process can be either 
linear or circular, leading to four possible quadrants. 
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Figure N°14: 4 Scenarios for the link between mineral source and 
type of transformation process 
Source: Own Elaboration

Innovating Evolving

Maintaining Coexisting

Circular

Extractive Urban

Linear

Maintaining: it refers to the current situation in much of mining internationally. 
Where ore is extracted from nature using linear processes.

Innovating: it refers to the current extraction from nature situation, but 
innovation is beginning in the entire value chain, enabling the mining process to 
be circularised.

Evolving: it refers to the situation in which extractive mining is entirely substituted 
by urban mining, implementing full circularity processes

Coexisting: it refers to the situation in which urban mining is developed, but with 
the persistence of linear processes. This situation can be seen as unlikely, but 
when differentiating the source of the transformation process, it is possible to 
advance in recovery without having full circular processes.
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the arrival of circular economy in the 
copper primary industry in chile, peru, and 
colombia

contextual elements and challenges 

It is recognised by the various players that CE is only just beginning its arrival in 
the primary copper industry in Chile, Peru, and Colombia and, in general, in all 
the polymetallic industry of the region. However, there are ongoing processes 
which provide a wider framework for the circularity discussion, that must be 
considered for the transition and the acceleration of the process. Disregarding 
these elements means decontextualising CE, transforming it into a theoretical 
and discursive concept rather than a practical strategy to be implemented.

Below, contextual elements are presented in three levels: global, regional and of 
industry.

global

1. Mitigation and adaptation to Climate Change: The industry of minerals 
and metals needs to contribute to the mitigation and adaptation of climate 
change, reducing the generation of GHGs of scope 1, 2 and 3; replacing 
the use of continental water, without losing efficiency in the use of water 
resources, and in turn, moving towards closing the cycle of the various 
stages of its production process. This, without losing its competitiveness 
as international industry (Kracht & Townley, 2021; Narrea, 2018; Nature, 
2020; Rüttinger et al., 2016). As expressed by one of the interviewees:

“…the issues of reducing CO
2
 emissions, of recirculating and using water in 

operations properly, this type of initiatives, aiming at sustainable mining, 
mining with purpose, are already being installed.”

(Government, Peru)

2. Role of metals and minerals: evidence reinforces the importance of 
minerals and metals in driving the technological changes that will achieve 
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the goal of 1.5°C. The development of clean energies, electromobility, 
dematerialisation, smart-cities, among others, will be pushing towards 
an increase in demand in the international market, especially for copper 
and lithium, which is driving several countries towards policies to secure 
minerals and metals (European Commission, 2020a; World Bank, 2017). 
In relation to this, one of the interviewees stated that:

“Industry has internalised the role it will play in the development of clean 
technologies. This is because it is directly related to business in 2050. 
What is relevant is how this is linked with the sustainable business model 
that mining should promote.”

(Industry, Chile) 

3. SDG as a guide to action: The 2030 agenda is recognised as the principal 
guideline adopted by the industry, and CE must be a contribution to these 
commitments, without becoming an independent subject (Schneider 
et al., 2019). In this regard, all players recognise the need to articulate 
the different actions being implemented by the industry in a cooperative 
governance model towards sustainable development (IRP, 2020; 
Ministerio de Minería, 2020; Narrea, 2018). 

“The industry, with its different levels of progress, has for years been 
working on incorporating sustainable development as part of its strategies. 
You can take any report on sustainability in Chile, Peru, Colombia, or Brazil, 
to name a few, and see what actions are being implemented. Obviously, 
CE is new as a concept, although there have been several circular actions 
for a long time, but we are starting to see some work there.”

(Industry, Chile)

4. Industry 4.0: This is a process which is progressively transforming 
production and consumption on a global scale, presenting both challenges 
and opportunities for the mining industry (CESCO, 2021; Harvey, 2019; 
Humphreys, 2020; Michaud, 2019). From automation and robotics 
processes to the management of great volumes of data allowing the 
understanding of production processes in their underlying patterns, 
industry 4.0 can become a source of economic, social, and environmental 
value generation. In this context, the CE must be able to deploy any of it Rs 
based on the transformative process meant by I4.0 in mining.

“The changes proposed by I4.0 are inevitable and the mining industry has 
no choice of being left out of it, because however you look at it, it is cost-
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related and this is a cost-based industry. Now, the link between CE and 
I4.0 is not so evident to most, but it should be worked out… especially, the 
next few years”.

(Academia, Colombia) 

5. New export requirements: The regions driving the transition towards 
green growth, such as the European Union and Asia, could be moving 
towards significant changes in regulations on the import of minerals and 
metals from countries that do not show commitments and performance 
on environmental and social sustainability issues, which would increase 
pressure to incorporate mechanisms of evidence and traceability regarding 
the results of the industry’s real contribution to these aspects.

While consulted players still see this future scenario rather unclear, they 
consider that pressure to comply with the Paris Agreement and the major 
social tensions with the operations’ nearby communities, which are now 
known almost instantaneously at a global level through social networks, 
are generating the conditions for these new demands to be a reality. It is 
worth recalling that the European Union has in place since 2021 the New 
Conflict Minerals Regulation (European Union, 2021), which is a precedent 
for the type of actions carried out to ensure that minerals and metas will 
not help to finance armed groups, impose forced labour and other human 
rights abuses, nor favour corruption or money laundering.

6. Globalisation-Glocalisation: Climate challenges, and the Covid-19 
pandemic effects have brought the importance of local scenarios in 
global contexts into the conversation of different industry actors. There is 
consensus among them that the new context mining will face, especially in 
Latin America, requires a reconceptualization linking the global and local 
in a way that territories, through their productive, political-institutional, 
and social-community fabrics generate the conditions for sustainable, 
green, and circular mining.

It has been emphasised that the primary copper mining business, because 
of its nature, will continue to be oriented towards global markets where 
countries like China, USA, and Germany lead imports. On the other hand, 
the new challenges in terms of GHG reduction of scope 1, 2 and 3, within a 
context of increased production by 2030, will be compelled to strengthen 
local work with the industry itself, governments at different levels (national, 
regional, local) the supply chain, energy suppliers and communities.
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regional (chile, peru and colombia) 

1. Instability and corruption: For the three countries, the main threat arises 
from the social-political scenario the region is facing and that could affect 
the industry development. Evidence of this concern can be found in the 
work of Henríquez-Aravena et al. (2021), in which, after applying a survey 
to 696 professionals linked to the region environmental sustainability, it 
is observed that 68% of the participants mentioned corruption in Latin 
American countries as the main threat to the transition to CE, followed by 
political and social instability with 43%.

2. New regional priorities: The Covid-19 pandemic has highlighted the 
triple economic, social, and environmental crisis in Latin America and the 
Caribbean (ECLAC, 2020). This has opened a regional discussion, with 
the participation of various international organisations on the fact that, 
while it is necessary to recover the path of economic reactivation, this 
must be done ensuring the generation of social and environmental value.

This new scenario, added to several changes in governing coalitions since 
the beginning of the pandemic in 2020 in Latin America, has motivated 
a debate regarding countries’ economic development strategies and 
models, in which framework CE may find greater political support for its 
growth and maturation.

However, the depth of the economic crisis still being faced due to the 
pandemic, with an increased poverty in most countries, Chile, Peru, and 
Colombia included, has put the urgency of reviving economies above other 
priorities.

3. Science, technology, and innovation: It is recognised that the region has 
a low capacity in R+D+I capacity, which limits the CE drive in the region, 
especially when thinking about innovation oriented to solutions for 
industry. As expressed by one of the interviewees:

“The possibility of boosting innovation in the sector requires more 
investment in science and technology by the State and the private sector, 
… our countries have had other priorities, which makes it very difficult 
to be able to develop technologies. We have the talent, but we need to 
advance with resources and cooperation between the private sector and 
academia”.

(Academia, Colombia)

The focus on R+D+I was a permanent feature in the workshops and interviews 
performed in this project framework, being consistent with the discussion in the 
academic literature and other reports. Cochilco, IDB, Fundación Chile, Peru’s 
Mining innovation Hub, have contributed with several studies that emphasise 
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the need to boost local technology-based innovation in the mining industry 
(COCHILCO, 2020; Fundación Chile, 2016; IGF, 2020; Paredes, 2021).

industry

1. Legitimacy of mining activity: There is consensus among the study 
participants that mining activity in the three countries has lost social 
legitimacy, which has given way to an increased tension between the 
industry and society. In this sense, a paradoxical relationship is established 
between the economic importance of the activity for the growth of the 
countries and the valuation of this activity by society.

As one of the interviewees stated: 

“A negative empowerment and an anti-mining movement are arising. 
Everyone knows that mining is an activity that has an impact on the 
environment, and that in previous years some voids have been left, but 
this is also an activity that is highly regulated. But from the point of view 
of (society’s) perception, unfortunately we have not been able to become 
a country that appreciates its principal productive activity… any operation 
that is now is in trouble because of the social context”.

(Industry, Peru) 

On the other hand, the legitimacy of mining activity is related to its 
importance within the territories it operates, which are usually far away 
from metropolitan areas, and in sectors with a presence of communities, 
mostly indigenous peoples. In these territorial spaces, the presence of the 
State and other economic activities is low, so the mining industry is under 
pressure to respond to social, legitimate demands but are the responsibility 
of other institutions. 

Consequently, while CE is progressively being driven by the work among 
companies, the State and academia, it also requires degrees of knowledge 
and social valuation beyond the industry. That is, an acknowledgement 
that provides legitimacy to a process that runs the risk of being perceived 
as an action benefiting only the incumbents.

2. Social Licence to Operate (SLO) and Shared Value (SV): Two concepts 
emerged in the workshops and interviews in relation to industry legitimacy. 
On one hand, the Social Licence to Operate (Joyce & Thomson, 2000; 
Prno & Scott Slocombe, 2012) is considered essential when talking about 
any action promoted in the industry. Although the concept is vague in its 
definition and implications, there is a constructive narrative that CE must 
support the achievement of SLO.
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On the other hand, participants highlighted the relevance of SV (Demuijnck 
& Fasterling, 2016) as a concept starting to gain growing acceptance at the 
industry level and that would overcome some of the limitations presented by 
CSR, especially those related to the establishment of transactional relationships 
with various interest groups.

As an interviewee expressed: 

“... we are aiming more at the generation of shared value, because it is different 
when you generate value through the productive promotion of networks which 
will achieve permanence in your process, that empowers suppliers that are going 
to give you a service and that service will be required permanently, and that 
supplier, in turn, is going to generate local hiring, particularly, we are trying to 
move towards the generation of shared value”.

(Industry, Chile) 

Apparently, in more complex and ambiguous societies in the Society-State-
Business relationship, with the emergence of collectives and individuals that 
do not follow traditional organisation patterns and with a high use of social 
networks, it is evident that the lack of conflict cannot be confused with a higher 
SLO and the search for SV may be a way forward (Prno & Scott Slocombe, 2012).

3. Local industry development: The present - and especially future - 
importance of generating shared value with territories will be essential as 
a basis for driving circular mining processes. In this sense, several reports 
have underlined the importance of developing the local productive fabric, 
known as mining suppliers (Bamber & Fernandez-stark, 2021; Expande, 
2019). 

As mentioned earlier, such suppliers have a double importance. On the 
one hand, they contribute significantly to emission reduction targets to 
reach national and industrial goals, And, on the other hand, they allow to 
strengthen the mining activity legitimacy based on shared value strategies 
that drive national economic, social, and environmental development.

Each of the issues that have been exposed at global, regional, and industry 
level are related, which explains the complexity, uncertainty, and ambiguity 
they are generating in the environment where primary copper mining 
activity takes place in Chile, Peru, and Colombia.

Based on the above information, some scenario maps have been designed 
that cross-reference, as an example, some of the essential concepts: 
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Low impact on GHG reduction 
and the use of obsolete 
technologies in a circular novelty 
framework.

High impact on GHG reeduction 
because of the development 
and implementation of new 
technologies aiming at CE.

Present

Medium impact on GHG reduction 
because of the development 
and implementation of new 
technologies but which do not 
find strategic orientation in CE.

Circular

13.0 14.0

Linear

Figure N°15: Scenarios between circular economy and industry 4.0 

Source: Own Elaboration

Figure N°16: Scenarios between circular economy and local 
development

Source: Own Elaboration

Circular

Low local 
development

High local 
development

Linear

Isolated: Industry drives CE 
with high global relationship 
in terms of customers and 
suppliers but loses social 
legitimacy.

Valued: Industry drives CE 
and contributes to local 
development to reach 
its goals, achieving the 
development of local circular 
and technology-based 
suppliers, which increases its 
social legitimacy.

Present

Lost: The development of 
local suppliers based on 
the linear model that must 
be overcome is promoted. 
It is a local development 
with environmental, social, 
and economic costs in the 
medium term.
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Figure N°17: Scenarios between circular economy and cooperation

Source: Own Elaboration

Individual Scope: Each 
organisation deploys its 
own CE strategies and 
plans, limiting its impact 
to medium-scale actions 
and without possibility to 
take advantage of systemic 
opportunities.

Systemic Scope: CE is 
deployed at deploys to its 
full potential in industry 
through cooperation of 
various groups and with 
other industries to reach 
symbiosis.

Present

No Scope: Cooperates 
to maintain the linear 
production model.

Circular

Low 
Cooperation

High 
Cooperation

Linear

barriers to promoting circularity in the andean mining 
sector

Making progress in CE transition and acceleration in the copper mining sector in 
Chile, Peru, and Colombia requires overcoming a number of barriers-gaps to its 
implementation ranging from the existence or updating of legal frameworks to 
technology-based innovation. They all came up as part of the dialogue process 
in the workshops and in-depth interviews, being consistent with what literature 
currently emphasises and with the recommendations of various international 
entities. Each of the matrices used is presented below: 

conservative mindset

It is recognised that in the copper mining industry in all three countries, the public 
and private business mentality tends to be too conservative to lead organisational 
transformation processes. As mentioned by an interviewee:

“The mining industry has been operating in the same way in terms of 
processes for 40, 50, 60, or more years. When you try to take this type 
of initiatives regarding circularity to all levels, it is very hard, because 

the arrival of the circular economy in primary mining in 
chile, peru and colombia

41// january 2022



everyone is associated with meeting targets, but they are productive and 
are associated with tonnes of copper extracted at the end of the month, or 
tonnes produced per year…”

(Industry, Chile)

This mining mentality would be rooted in objective elements that need to be 
recognised: 

 • The existence of mining projects that have been designed without 
the existence of a circular economy framework. These have had to 
incorporate ex post new social and environmental demands, such as the 
use of renewable energies, water efficiency, and the shift towards the use 
of sea water, in addition to greater contributions to local development, 
among others which are in the process of being implemented. Thus, CE 
becomes a new vector for industry. 

 • Production and results assurance as the main orientation of operation. 
This is a result of the obligations of the private sector to ensure returns on 
investment to shareholders, as well as the importance mining represents 
for the GDP and tax revenues of each country (with special relevance 
for Chile and Peru). In this framework, any potential change seeks to be 
implemented considering a low risk for the production process. In this 
sense, one of the interviewees states that:

“It is difficult to change mining processes. We are talking about big 
investments in infrastructure, in equipment, in training people, it is a hard 
thing to change a system completely. Generally, they (executives) want to 
make a small change, which is difficult with the CE. Systems need to be 
thought of, and that is difficult in the mining industry.”

(Academia, Chile) 

 • Standardised productive processes with strong international 
technological dependence. The whole production process, from 
exploration to refining, follows procedures and technologies validated in the 
international industry. For this reason, any modification towards circularity 
focuses primarily on the management of massive mining and industrial 
mining waste, without assuming the redesign of production processes. 
The above does not mean that waste management is unimportant, but on 
the contrary, due to the magnitude of the existing stock of environmental 
liabilities and their potential growth in the next decades.

In addition to the above, there is the existence of a low readiness for 
technology-based innovation (R+D+I) in industry at national levels, which 
results in a preference for technology imports. This has been pointed out 
by several studies which call on industry and the State to promote national 
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innovation, especially to contribute to the development of local suppliers 
and innovation ecosystems. (Bamber & Fernandez-stark, 2021; IGF, 2020; 
Meller et al., 2018). About this, one of the interviewees points out:

“…every time something new arrives and we want to test it, the question 
technicians immediately ask us is ‘- Where else has it been tested? - it 
was tested in a mine. - Is it the same size? - No, it doesn’t work for me’, 
if it’s not tested somewhere, they don’t believe you, so that’s where the 
leadership barriers come in to be able to develop that kind of thing. That’s 
a big block (barrier), mentality for CE”.

(Industry, Colombia) 

lack of legal incentives 

There is consensus on the need to move towards regulatory frameworks that 
encourage circularity processes in the industry. As mentioned before, Chile, Peru, 
and Colombia have their respective roadmaps and/or national CE strategies, 
which provide a general framework for of action. Similarly, progress has been 
made in the generation of various extended producer responsibility (EPR) laws 
for different products (Miguel et al., 2021), which are in addition to a significant 
number of national provisions that regulate the mining activities in environmental 
matters.

Table N° 8: Regulations related to extended producer responsibility in Chile, Peru, and Colombia

Country batteries waste electrical and 
electronic equipment

Containers Vehicles Tyres 

Chile Law No 20920 
(2016)a

Resolution No. 1422

exempt (2021)

Law No. 20920 (2016)a Law No. 20920 
(2016)a 
Decree No. 12 
(2021)

Law No. 20.920 
(2016)a

Decree No. 8 
(2021)

Law No. 
20.920 
(2016)a

Resolution No. 
129 exempt 
(2020) 

Perú - Supreme Decree 009-

2019- MINAM

Supreme Decree 014-

2019-EM

Law No. 30884 
(2018) 
Supreme Decree  
No. 014-2017- 
MINAM

-
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Colombia Resolution No. 0372

(2009)c

Resolution No. 1297

(2010)d

Resolution No. 1512

(2010)

Law No. 1672 (2013)

Decree No. 1076 (2015)

Decree No. 284 (2018)

Resolution No. 
1675 (2013)

Resolution No. 
1407 (2018)

Draft Law No. 106 
(2017)

Resolution No. 
1457 (2010)

Resolution No. 
1326 (2017)

Draft Law No. 
w106 (2017)

Source: Own elaboration based on Miguel et al. (2021)

However, driving CE transition and acceleration in the mining industry will 
require, in the medium term, moving forward with regulatory frameworks that 
allow for the implementation of intra- and inter- industry symbiosis processes.

 • Use of massive mining and industrial waste: Current legal provisions do not 
encourage, or even forbid the use of some wastes such as, tailings, ripios, 
muds, dusts and slags… as a basis for other industries, like construction 
(COCHILCO, 2021a; UPME, 2019). In addition to the above, there are all 
those wastes that have not been addressed by EPR regulations and for 
which the possibility of their use in other economic activities is unclear.

As expressed by an interviewee:

“...today we know there is waste that generates value in other types of 
industry, however, it cannot be used because the corresponding regulation 
does not exist, today there is waste classified as non-hazardous and even 
so cannot be used in construction.”

(Industry, Chile)

 • Regulatory articulation and national reality: It is necessary to move 
towards a grater articulation of the regulations that are driving CE with 
those regulating the mining activity. Participants considered that Chile’s 
development in this matter, may become a reference for the region. 
However, there are still important areas for improvement in public 
policies and the regulatory instruments designed between ministries of 
environment, mining and specialised intra- and inter technical institutions. 
A common example is the relationship between mining, public works, and 
construction as an articulation space for the use of mining waste.

“... Indeed, we have a dispersion of regulation, with the lack of an integrated 
regulatory framework to facilitate these processes…”.

(Industry, Chile)
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“(laws) are not designed in accordance with the market, in fact, I think 
most of the laws are based on experiences in other countries… in Canada, 
USA, but they are not adequate, I think we need to sit down, go into the 
details, and see what can be done”

(Industry, Perú)

 • Regulatory uncertainty: One of the emerging concerns in the interviews 
and workshops is the current social and political uncertainty. Both, the 
potential constitutional modifications in Chile and the political instability 
in Peru, directly or indirectly related to the sector, generate concerns about 
the effects this may have on the copper-mining sector in both countries, 
becoming a barrier to CE

lack of r+d+i 

The boosting of R+D+I for the transition towards CE is a transversal agreement 
at international level. However, these processes are inserted in national and 
regional realities, that highlight the significant gaps that exist between developed 
countries with high investment in R+D and developing countries which present a 
low public and private investment in this respect.

In the primary copper mining industry in Chile and Peru, the discussion related to 
boosting local innovation is not new, and has generated various reports over time, 
which emphasise the importance of endogenous technological development 
in an industry which is intensive in technological imports (COCHILCO, 2020; 
Consejo de Competencias Mineras, 2018; Moussa, 1999). The need to 
strengthen local innovation in the CE context is due to the requirement for it 
to drive redesigning processes, product life extension, development of new 
materials, dematerialisation, revaluation and recycling within the framework of 
new business models and processes (Jabbour et al., 2018; Ramakrishna et al., 
2020; Rossi et al., 2020).

Participants in the process of workshops and interviews emphasised that the 
usual difficulties in this field are:

 • Lack of industry-academia links: Both parties have different cultures and 
objectives when thinking of innovation, which are part of their institutional 
histories. From the excessive focus on research publications to the search 
for short-term results, without understanding that quality science takes 
time, are expressions of the interest divergence emerging in the industry-
academia relationship in the mining sector.

Advancing in R+D+I oriented towards solutions for the mining industry must be 
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the priority focus in the construction of a new relationship. In this sense, the BHP 
Tailings Challenge initiative (https://expandemineria.cl/desafios/bhp-tailings-
challenge/) which succeeds in fostering local science-based innovation oriented 
towards one of the most significant challenges of industry, was valued.

 • Industry risk aversion: The nature of industry tends to perform a 
conservative risk management that limits the options for developing 
local innovations. The mining mindset as an umbrella concept to explain 
industry decision making, leads to favouring the acquisition of proven 
technologies in other markets which coincide with being technological 
export economies.

The Chilean copper corporation (COCHILCO surveyed the Research, Development 
and Innovation in Chilean mining, showing that: 

“…the main reason stated is that it is not a priority or necessary for the 
company (43% of mentions during 2015-18), which reflects that for a 
majority of mining companies the lack of R+D is not primarily due to a lack 
of resources but is simply not part of the corporate strategic plan.”

(COCHILCO, 2020)

Or as stated by one of the interviewees:

“There is an amazing fear of making a huge volume decision, this turns 
into small trials, what is being done is external, but mining itself is difficult, 
perhaps the start-ups that are looking at this material and are taking 
advantage of it, but mining at its core has the first lag, and is the main 
barrier.” 

(Industry, Colombia)

 • Funding: There is general agreement among academia and government 
representatives from the three countries that the lack of private and public 
funding is a sine qua non condition for the local innovation development. 
An interviewee put it in the following way: 

“The funding issue. Obviously with CE you can save a lot in the long term 
many times, but we also know that it is an industry quite focus on the 
short-term, they do not like big investments and sometimes with CE, if you 
want to implement you should also make investments at the necessary 
level.”

(Academy, Chile)
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This subject will be addressed in more detail in this document. 

 • Under triple bind: Following the triple helix approach, the need to join 
the State, Academia, and Industry efforts was emphasised (Etzkowitz et 
al., 2000; Heaton et al., 2019; Leydesdorff, 2012). The articulating role is 
mainly conferred to the State in the coordination of the promotion agenda 
in this matter. However, a lack of continuity in public policy strategies and 
funding is observed. On the other hand, it is noted that companies and 
industry have not been able to strengthen cooperation in this area, since 
they work on an individual basis and the academy is strained by its own 
accreditation, publication, and teaching goals, the hinder the dialogue with 
the rest of the players in the system.

“...there are issues of purpose that we need to start aligning. Because, 
for instance, if the universities’ stress for accreditation has to do with 
publications and other requirements (…) then relevant research, that is, 
research we need as a country is not prioritised, and if it is not prioritised, 
in the incentive of the institutions, they have less access to resources. So, 
there is something we need to do to have universities having this profile of 
international recognition, but also that we prioritise relevant research or 
research by mission.”

(Industry, Chile) 

low cooperation in industry and with other industries

Low cooperation is seen as a major barrier to boosting circularity. For all three 
countries and sectors represented, there is a conviction that the challenges 
posed by the shift from a linear towards a circular model require emphasising 
cooperation and co-creation of solutions 

 • Intra-Industry: The limited number of key players (major mining 
companies) in the industry in Chile, Peru, and Colombia, as well as the 
institutions dedicated to the joint work of the industry, play a central role 
in this process. It is recognised that a culture that has placed the focus 
on individual work to show results is just limiting the possibilities of all 
institutions.

The most immediate challenges with massive mining and industrial waste, 
the implementation of the regulations related to extended producer 
responsibility, the promotion of local innovation, and entrepreneurship in 
the territories, among others, require cooperative thinking.

“If one continues from the perspective that I can solve my problems on my 
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own, I think we will fail, and that at least, whether by sector or territory, 
we need to be able to ask ourselves a simple question, is there a problem 
involving many more players? With that the CE will move forward.”

(Industry, Chile)

 • Inter-industry: Circularity solutions require understanding and applying 
the industrial symbiosis concept. For the interviewees and workshop 
participants this scenario is still far away in the national contexts. Even 
when the opportunities of using mining waste in different industries 
such as construction, plastics, cement, iron, and steel, among others, are 
recognised, so are the difficulties in addressing the challenge in a joint way.

weakness in local circular supply chain

Study participants recognise that moving towards CE and reducing the 
environmental impacts of Scope 2 and 3 industry requires the development of 
resources and capacities in the local supply chain leading to a transformation of 
their business models based on the circular scheme. (Cerqueira-Streit et al., 2021; 
Helfat & Peteraf, 2003; Patricio et al., 2018). Some of the iconic examples in the 
industry are: Neptuno Pumps (https://neptunopumps.com/economíacircular/9) 
which combines circularity, regional development and emission and waste 
reduction in the mining industry and Bailac (https://www.bailac.cl/) in retreading 
and recycling mining tyres. 

The industry faces the challenge of moving towards circularity in a value chain 
that combines large international suppliers, for which CE is already part of their 
global strategies, such as FLSmidth, Michelin, Komatsu, Sandvik or ENEL, with 
local suppliers of different kinds, sizes, financial capacity, technical competences, 
among others, that will have to implement circular models in their processes and 
products.

The Study on Characterisation of Suppliers in the Chilean Mining (Expande, 
2019) shows that 9% of suppliers are large and account for 40% of total sales, 
while 17% are micro and small companies that account for 37% of total sales. 
When segmenting by origin of capital, 6% have been incorporated with foreign 
capital, 83% with national capital and 11% with mixed capital.

On the other hand, the Study of Mining Suppliers in Peru (SAMMI, 2021) shows 
that 64.9% of mining supplier companies have been created in the last 20 years, 
with 31% of them located in the category of large companies and 56% in the 
category of small and micro companies. The previous data show the diversity in 
which CE transition in the mining supply chain will have to take place. As stated 
by one interviewee:

the arrival of the circular economy in primary mining in 
chile, peru and colombia

48// january 2022



“We see that the large supplier companies have already, somehow, 
internalised some indicators and some goals concerning circularity, which 
is not happening with smaller suppliers, with local suppliers in the mining 
industry that are not large in size. There is a huge gap, because there is a 
lack of both footprint measurement, as well as the fact of incorporating 
some sustainability issues, incorporating what can be circularity within 
their processes, I believe there it is a need to do a stronger accompanying 
work with these small suppliers that in the background today do not have 
these corporate guidelines.”

(Industry, Chile)

From the participants’ viewpoint, there are relevant issues that must be addressed 
within the suppliers’ context:

 • Incentives: It is recognised that mining companies have the possibility to 
bring about a change in the suppliers’ chain through contractual demands 
by incorporating circularity elements. This is the case of Chile’s Minera 
Inés de Collahuasi which, over the next three years, will tender service 
contracts for more than US$ 2,437 million, 20% of the total weighting 
of the bids will correspond to the optimal use of resources under CE 
principles and to the reduction of emissions. (https://www.collahuasi.
cl/collahuasi-se-transforma-en-la-primera-minera-en-incorporar-la-
economía-circular-en-la-compra-de-bienes-y-contratos-de-servicios/)

 • Modification of contracts: It is recognised that the industry works with 
long-term contracts which force the development of a gradual circularity 
incorporation scheme, that prevents modifications to a significant part of 
the ongoing agreements.

 • Securing Material Flows: From the perspective of the management of 
massive mining and industrial waste, one of the elements that emerged 
from the representatives of the supply industry is the need for the system 
to secure minimum flows to make the construction of valuation and 
recycling plants and technological development, among other dimensions, 
cost-efficient. This requires cooperative work between the large mining 
companies.

 • Low-development markets: CE perspective in industry requires thinking 
about the development of national and international markets for the use 
of revalued products. An example of this is end-of-life tyres (ELT) from 
the mining industry, where not only the stock and inflow should be known, 
but also the markets that can absorb the revaluation of derived products 
revaluations (pellets or other). In this sense, the volumes of waste 
generated by industry seem to require the development of businesses 
oriented towards the export of raw materials and products, aiming for 
greater added value, such is the case of the French company Aliempur 
(https://www.aliapur.fr/en/).

the arrival of the circular economy in primary mining in 
chile, peru and colombia

49// january 2022



lack of information 

One of the cross-cutting aspects highlighted is the lack, fragmentation, and low 
standardisation of information to make decisions at systemic, inter-industry, 
industry and organisational levels, to drive the changes needed towards 
circularity. Even though it is possible to identify wastes with circularity potential 
in the industry (see table No 11 in this document), their volumes (stock and 
flows), status and/or location are not precisely known. As expressed by one of 
the interviewees: 

“I’d love to have more information to be able to tell you how the information 
issue is. Yes, this is precisely something we have identified in a couple of 
studies, that conclude that we need to know more, and we need better 
policies, but we need to know more about the circularity issue”.

(International Organisation)

This need can be broken down into two main aspects: 

 • Information: In order to move towards CE, it is required to conduct 
permanent information gathering that help to measure opportunities. 
For example, there are currently partial reports regarding the amount 
of massive mining waste (tailings, gravel, etc) but they do not follow a 
standardised methodology, and, in addition, the sources of information are 
incomplete. In the case of industrial waste, the information is difficult to 
access, it is only possible to obtain information that is within the framework 
of a law or regulation, which rapidly becomes outdated.

Participants believe that some of the information could be in companies 
or in government, but there is not full certainty about this. Besides, they 
express a fear about the misuse of such information the public level. For this 
reason, they consider it necessary to agree in the short term on the priority 
information required at different levels, a standardised methodology, 
management funding and agreements on its use.

“All the formal mining companies present to the ministry the differentiated 
generation of waste, but as you say, that information is not available to the 
rest of the people, I think it should be more open information, definitely 
and yes, that is another barrier, someone that, for example, every time we 
do a tender for solid waste management , we are asked for the information 
and that information is already available to the State and, moreover, it is in 
a virtual box lately”.

(Industry, Perú) 

 • Technical studies: Together with information, the lack of technical 
and economic studies on circularity is an urgent problem. Unlike the 
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information availability, technical studies are concerned with specific 
aspects, such as what level recovery of steel from mining tyres can be used 
in the manufacture of grinding balls locally? What tailings present cost-
effective laws to be incorporated in the production of concrete? There 
is a recognised gap here that must be addressed in the short-term. As 
acknowledged by one of the interviewees: 

“I think this is not enough, we have carried out some very macro exercises, 
but this is at the micro level. As you very well point out, producing rim 57 
wheels is very different from saying tyre consumption. The characteristics 
of these things are very different. Therefore, I think there is a lack of 
information.”

(Government, Chile)

knowledge gap 

CE is new and there is still a lack of clarity on its definition and the way it should 
be applied in the primary copper industry. This can be summarised as the 
knowledge barrier that CE is currently facing. Although some of the participants 
recognise that progress is being made increasingly at industry and company 
level, it is still an issue in its beginning. As expressed by a couple of interviewees:

“There is a huge gap in human capital, I think the issue of sustainability 
in the mining company comes more from a reputational pressure, but it 
must also be from external markets and obviously because there is an 
awareness behind them.”

(Industry, Perú)

“There isn’t yet, because of the level of maturity that exists in Chile, a 
common understanding of CE, when we talk about CE we are all convinced 
that we are saying something and there are about 100 things that will come 
out, so I think that prevents companies from focusing their competences.”

(Industry, Chile)

In the workshops and interviews Chile’s leadership in terms of knowledge is 
recognised, but it is considered that there are multiple elements that need to be 
addressed both at systemic, industry and organisational levels. Some of these 
elements are:

 • Training: CE must be part of several training processes to achieve a 
standardised definition and practical application. These processes do not 
compete with each other but must be thought of in a coordinated manner. 
The following stand out
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 • Management/executive training: Although the mindset shift 
is complex, the value of executive training is recognised in this 
process, emphasising the opportunities offered by CE and how to 
incorporate it into companies’ business strategies.

“People who are already working in a management position 
in the mining industry, probably do not have that background 
information on CE that is needed.”

(Academia, Chile) 

 • University training: At both, undergraduate and postgraduate 
level, CE must be incorporated, at least, in the curricula of degrees 
directly linked to mining, developing not only CE theoretical 
aspects, but also emphasising its practical application to mining 
processes.

“The country has a very limited group of professionals, which 
generates two problems, the first is that there is too much 
demand so as to focus on the CE issue in detail, and on the 
other hand, specialisation is so wide that you cannot master 
it 100%”.

(Industry, Chile)

 • Technical training: The relevance of technical training is recognised 
to boost circularity in the industry, which allows sustaining 
industrial processes in mining. 

“You don’t only need university students, but also technicians, 
but specialised technicians, not only for mining, but for all 
industries… somehow it has been like ‘hey, let’s move onto 
something more concrete that helps mining”.

(Government, Perú) 

 • On-the-job training: One of the aspects where there is consensus 
is that CE must be incorporated from top management to 
operational teams. These trainings should answer questions 
such as: why are we doing circularity? and how do we do it in 
daily operation? On-the-job training is considered as key success 
factor for the transition.

“The training and understanding of middle and top 
management, and also at the operator level of what are those 
relevant elements to be designed to contribute to the process 
is essential.

(Government, Chile)
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 • Organisational: This subject refers to the capacity of organisations to 
generate their own knowledge on CE applicability in a specific context. 
As highlighted by company representatives, internal working teams are 
already being set up to address circularity in their organisations, but they 
are still insufficient.

The creation of a critical mass at the company level is essential in the 
generation of knowledge that drives circularity strategies, plans, and 
projects, which can then be shared in the best practice format with other 
companies and industries. As mentioned in one of the interviews:

“We are working, we have these goals, I mean, everyone is working on this, 
but in fact I see that we are still in a process of development to reach the 
last part, which is how organisations systematically generate products, by-
products from their waste, and how those by-products are incorporated or 
in a sustainable way put on the market in some processes”.

(Industry, Chile)

low positioning 

It is considered that CE still has a low positioning in society, limiting the 
recognition of the actions that various players are carrying out to move towards 
this new model. Specifically, for the primary mining industry this positioning 
acquires special relevance in the context of the valorisation of mining activity in 
the political and social context of the region.

“Undoubtedly, issues of information on citizen culture, communication 
regarding the consumer and about all the players, is a barrier that we also 
need to overcome so that more informed decisions are taken from the 
consumer’s point of view, to change the mentality, because it is not the 
same reaching a 15-year-old young person as it is to reach an older adult. 
Or it is not the same to reach a school child, an ordinary consumer, as it is 
to reach CEO of a company to change his or her mentality when he or she 
must make other types of investments and so on.” 

(Government, Colombia)

Positioning has been discussed based on three main axes: 

 • Valuation by industry itself: It is required to position the importance of CE 
in industry players as an element of competitiveness, which is at the core 
of the business and not only as a problem of waste treatment.

“Another barrier is communication and collaboration inside 
(industry). There are operations and companies that have a big 
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communication problem. So, communicating and collaborating 
with external entities is a challenge that needs to solve the first 
one.”

(Academia, Chile)

 • Valuation by industry, government, and academia: The need to progress 
collaboratively in positioning CE requires coordinated work, which is still 
incipient, between governments, industry, and academy to generate what 
some have called awareness. A significant part of the barriers can be 
overcome through effective communication and positioning calling for a 
shared mission at region, national and subnational level, where all players 
are called on to contribute.

“I think there are still important challenges to raise awareness on 
CE, because I’m not convinced that the mining industry is full at 
this. Perhaps due to the same effect of the lack of knowledge of its 
real dimension.”

(Government, Chile)

 • Valuation by the communities: There is agreement among the participants 
that CE is currently not known by the communities in which the companies’ 
work is inserted. This offers the challenge of what, how and to whom 
communicating about the change being promoted. This is also given in a 
context well synthesised by one of the interviewees: 

“I see there are like two big positions, an anti-mining one, completely 
which let’s say, has quite a valid fundament that says ‘we shouldn’t 
take more resources from nature’ just like we say ‘we cannot 
generate any more waste’, but we also have to place ourselves in 
the context we are at present, and we still need materials that are 
there and we don’t have other sources to make them available, 
though we know there are tons of copper, aluminium somewhere, 
today those recoveries are not taking place, until we have those 
systems rehabilitated, we will continue to need mining”. 

(Industry, Colombia)

Certainly, there is international evidence of transition processes in Finland, 
Holland, and Denmark where the communicational dimension with the 
community has been essential. Particularly the case of the port industry seems 
to be an interesting example to contrast, and the case of the ports of Amsterdam 
and Groningen in the Netherlands; Barcelona and Vigo in Spain, or Cartagena in 
Colombia may be learning references.
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need for evidence and traceability 

The lack of evidence, especially quantitative, concerning the positive impacts 
that CE has on the sectors that have adopted it, was part of the discussions. In the 
case of the mining industry, to support its positioning, it is considered absolutely 
necessary to provide evidence of economic and environmental results, together 
with those related to the Social License to Operate (SLO). Among the elements 
addressed, the following can be highlighted:

 • Demonstration Effect: There is a constant need to provide successful 
cases to all industry players, evidencing that “it can be done”. This, while 
understandably natural in a relatively unknown process, presents the risk 
of getting stuck in the demonstration effect, without the drive at the level 
of business strategies and their operational processes, waiting for a third 
party to prove its worth. As an interviewee stated:

“The work being performed by local companies such as Neptuno Pumps, 
Comberplast (a plastics recycling company), among others, have shown 
us that it can be done. But we cannot be waiting for the new success case 
before making business decisions. I think that’s where the mindset in 
mining comes in, which wants everything already proven.”

(Government, Chile)

 • Novelty Factor: It is recognised that the novelty of CE also means a lack 
of practical evidence in the mining industry as in other industries. This 
novelty causes some potentially harmful effects such as “quick fix anxiety” 
without a link to the business model. This was raised by one interviewee:

“... everyone wants to do CE, but we are talking about a general issue, from 
paper to hoppers, and although the shift is totally right, and it will come 
sooner or later, because it is something intrinsic to the environmental 
management, the platform is not ready, so the people are in desperate 
search for solutions, but this hasn’t yet been put together properly.”

(Industry, Chile)

 • The problem of scale: The size of mining operations is a recurring barrier to 
the generation of evidence. Any example that can be given does not reach 
the scale at which the operations of this industrial sector are measured, 
which is why it is necessary to change the mentality from one that waits 
for change to one that seeks to lead the transformation from the mining 
sector instead of waiting for other industries’ examples. This, without 
leaving the principle of controlled risk.
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Along with the above, the need for monitoring and traceability systems that 
measure the results of CE implementation at all levels is an unresolved and 
urgent issue. In this sense, it was recognised that:

 • The challenge of traceability 4.0: The industry value chain will have to 
transition towards systems that enable monitoring and tracing circularity 
in relation to its environmental impact with a holistic view which considers 
the industry, corporate, business units, sub-units and even working 
position levels. This implies a deep modification of internal target and 
incentive systems, just the way it was done with safety in the last decade.

This challenge can be addressed with the application of ICT-based models, 
especially, blockchain, which are technologies being used in several 
industries to create information management and inviolability systems, 
which is due to the integration between I4.0 and CE (Böckel et al., 2021; 
Kouhizadeh et al., 2020; Sheel & Nath, 2019). 

 • Doubts about the Certification: Certifying processes and products in the 
framework of CE is one of the important debates being held at a general 
level, and although nowadays it does not constitute a barrier, it became 
evident in the interviews and workshops, as an aspect to be considered. 
The ISO/TC 323 standard and Cradle to Cradle certification, are examples 
that could lead the way for the future.

The doubts about certification arise in relation to the conceptual framework 
that defines what CE is in the industry, as well as how it is applied in 
practice. In this sense, it seems relevant to advance in a joint work of the 
industry to define these standards and the way they are measured.

lack of international cooperation 

An emerging point in the discussions was the relevance of international 
cooperation to boost CE in the industry in a concerted manner, based on the 
joint work of the various players. In this sense, the importance of organisations 
such as ICMM, WBCSD, IDB, WB, WEF, ECLAC, UNEP, in addition to the recently 
created LAC Circular Economy Coalition, was highlighted. (https://www.
coalicioneconomíacircular.org/). 

International cooperation is seen as a necessity to address the CE at supranational 
levels in the region, with political commitments between States, companies, 
academia, and society. Special emphasis is given to the fact that, based on 
international work it is possible to define not only common goals, but also 
standards of cross-cutting use by industry.

Besides, it is recognised the key role that can be played by entities such as the 
Pacific Alliance (https://alianzapacifico.net/), UNASUR, CELAC, among others, 
to drive work with high level representatives in the region
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the challenges of circularity for the next 10 years 

Participants addressed the relationship between the barriers and challenges of 
circularity in the industry for the next 10 years, which are presented below:

Table N°9: Barriers and challenges of circularity 

Barrier Challenges at 10 years

Conservative Mentality (Mindset)

 • The existence of mining projects that have been designed 
without the existence of a CE framework.

 • The assurance of production and results, as the main 
guidelines of operations. 

 • Standardised production processes with strong 
international technological dependence. 

 • Incorporate CE as part of the business strategy of mining 
companies and suppliers. 

 • Integrate CE as part of SDG and sustainable development 
efforts, avoiding disarticulated efforts.

 • Advance from the logic of waste management towards 
the redesign of circular-based processes. 

 • Incorporate innovation as the basis of the transformation 
process that industry will require for the challenge of 
sustainability and climate change. 

Lack of legal incentives 

 • Use of massive mining and industrial waste 

 • Regulatory articulation and national reality 

 • Regulatory uncertainty 

 • Promote the design and adaptation of regulations that 
encourage circularity within the industry and between 
industries in a joint work of the system’s various players.

 • Collaborate in the extension of the EPR law and its 
equivalents enabling the national and industrial context 
needed for its design and successful application. 

 • Call for a higher degree of articulation between the 
executive and legislative powers of government, for the 
legal articulation applied to the national context. 

 • Support the development of tax incentives for the CE 
development, especially the supply chain. 

Lack of R+D+I 

 • Lack of industry-academia link

 • Industry risk aversion

 • Funding

 • Under triple bind 

 • Drive R+D+I oriented to industry challenges and 
sustainability purposes, which will improve the 
articulation of interests between universities and 
the industry. Developed in a joint work between 
governments, companies, and academia. 

 • Move towards the design of new public, private, and 
public-private budgets (join venture) that enable 
financing the new local innovation, and technology-based 
entrepreneurships. In this sense, BHP work can be a 
reference. 

 • Create or strengthen multi-institutional centres with 
long-term public-private funding for the development 
of Chile’s CE in mining. Such is the case of the Chilean 
CE Technology Centre, which is funded by CORFO and 
three large mining companies present in Chile, having the 
copper mining as one of its strategic axes. 

Low cooperation in industry and with other industries 

 • Industry

 • Inter-industry

 • Enhance existing coordination spaces for the 
establishment of common principles and challenges, 
strategies, circular plans, and projects for the coming 10 
years. Examples, Alta Ley (High Law) in Chile and Mining 
Innovation Hub in Peru.

 • Make progress in the joint definition of the ‘big problems’ 
in industry to move towards circularity. 

 • Implement dialogue and cooperation spaces between the 
mining industry and other industries with which plans 
for industrial symbiosis can be developed. For instance, 
construction, demolition, cement, plastics, among others. 
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Weakness in local circular supply chain 

 • Incentives

 • Modification of contracts 

 • Securing material flows 

 • Low development markets 

 • Promote programmes for the transfer of skills and 
technology between the client companies and suppliers 
for the joint transition to CE. 

 • Strengthen, together with governments, financing 
programmes for the conversión to circularity of local 
mining suppliers underr the circularity model. 

 • Implement new systems of mining contracts where CE 
has a relevant percentage weight in the allocation. This 
could follow the model of the Doña Inés de Collahuasi 
company in Chile. 

 • Generate cooperative solutions for the main massive 
mining and industrial waste, aiming at the development 
and/or strengthening of local value chains. In this regard, 
the assurance of flows is essential for the long-term 
viability of projects. 

 • Promote the design of national and international 
market development strategies, for the revalorisation 
of industrial waste. Here, the role of the government is 
considered essential as a coordinator of the parties. 

Lack of information 

 • Information 

 • Technical studies

 • Move forward urgently to determine the industry’s 
circularity potential through the creation of sources 
of information with the main materialities. In this 
regard, ministerial, private, and academic coordination 
is considered essential in order to count on validated 
information systems. 

 • Foster studies to determine technical-economic 
feasibility of circular processes and, above all, of 
industrial symbiosis. It is recognised that part of the 
studies should be financed by entities having commercial 
interests in developing business models and lines, but the 
joint work of government, companies and academia could 
generate a base of reference studies. 

Knowledge gap 

 • Trainings: 

 • Management/executive training

 • University education 

 • Technical training 

 • On-the-job training

 • Organisational 

 • Implement multi-level training programmes that can 
be given by universities and centres at international, 
national and/or territorial levels. While the existence 
of programmes at a general level is recognised, what 
is increasingly needed are contextualised programmes 
to the mining reality including a significant technical 
component. 

 • Develop a system of good practices for the creation of 
work teams for the design and implementation of circular 
strategies in industry companies and suppliers. 

Low positioning 

 • Valuation by industry itself

 • Valuation by industry, goverment and academia

 • Valuation by the communities

 • Implement a joint strategy for sustainable development, 
green mining and CE enabling a common account of the 
joint effort being made and what it is for.

 • Determine which are the communities’ interests, 
and how they are related to CE, to deploy an ad hoc 
communications strategy 
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Need for evidence and traceability 

 • Demonstration effect

 • Novelty factor 

 • The problema of scale

 • The challenge of traceability 4.0

 • Doubts about certification

 • Encourage the systematisation of success cases for 
public use, that can be applied to industry. These can 
through a common platform as well as other types of 
publications. 

 • Implement standardised technological solutions that 
allow measuring and tracing circularity at different levels. 
No doubt, these developments can be performed at both, 
the corporate level and business unit level, but the format 
should build on interoperability efforts well known in the 
industry. 

 • Generate a set of common recommendations for 
circularity standards in the industry that can be applied 
voluntarily by the value chain. 

Lack of international cooperation  • Drive a joint work agenda of the industry with the main 
international organisations to achieve the creation of a CE 
Latin American agenda in the industry. 

 • Call for the development of a joint agenda of international 
industry players for the establishment of CE common 
principles, strategies, plans and projects. 
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innovation for ce 
in primary copper 

mining 



technology-based innovation for ce in 
primary copper mining 

As addressed in several points in this document, technology-based innovation is 
essential to deploy the CE full potential. However, as pointed out in the section 
related to barriers, the development of R+D+I for CE in the mining industry must 
be understood in the broader context of the low investment that Chile, Peru, and 
Colombia generally show in these areas.

If, research and development expenditure as a GDP percentage is taken as a 
reference and compared to the average of OECD countries (2.566%), not only is 
the difference in absolute value invested visible, but also the significant difference 
of more than 2% between the OECD investment and the three countries’ average. 
Data for each country in the present study can be seen below:
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Figure N°18: Research and development expenditure as a 
percentage of GDP for Chile, Peru and Colombia

Source: Own elaboration from World Bank database
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In addition to the above, it must be considered that R+D expenditure is carried 
out with both, State and private resources. In 2018, the contribution of the private 
sector in Chile represented only 34% of the total, while the rest corresponds 
to the State and is significantly concentrated in higher education institutions 
(MINCIENCIA, 2020). Similar figure is presented by Colombia with 39.86% for 
the private sector (Science and Technology Colombian Observatory, 2011). In the 
case of Peru, there are no comparable figures.

Even in this unfavourable context, technology-based innovation for copper 
mining in the region is making its way through available public and private 
funding sources. It was possible to access to various sources of information from 
Chilean universities, representative of the national scientific production, and to 
reports on innovation initiatives from PERUMIN and the Mining Innovation Hub 
of Peru (PERUMIN, 2021). Based on these sources, the following cross-analysis 
table was created, where two categories were used: 

Technology Readiness Level (TRL): Type of measurement system used to 
evaluate the readiness level of a particular technology. Each technology project is 
assessed against the parameters of each technology level and is assigned a TRL 
rating based on the project progress. There are nine technology readiness levels. 
TRL 1 is the lowest and TRL 9 is the highest. (NASA, 2012).

Circularity strategies (Rs): Allow for hierarchical categorisation of the circularity 
contribution of a product. In this regard, it allows categorising identified 
technologies according to the aimed R (Kirchherr et al., 2017b).

It was possible to identify a total of 85 technologies (74% from Chile and 26% 
from Peru). As can be observed in the following table, they are concentrated 
in simulation or technology validation environments (69; 8%), followed by 
laboratory environment (15; 18%) and real environment (1; 1%)

Table N°10: Technology maturity and circular economy cross-matrix for Chilean and Peruvian copper mining 
technologies*

    Idea Laboratory environment Simulation 
environment 

Real 
environmenmt

  RoS/
TLR

Definition TRL0 TRL1 TRL2 TRL3 TRL4 TRL5 TRL6 TRL7 TRL8 TRL9 Total

Downcycling R9 Re-mining 0 0 2 2 6 4 0 1 0 0 15

R8 Recover 0 0 1 2 5 4 2 1 0 0 15

R7 Recycle 0 0 0 0 5 0 1 2 0 0 8

R6 Rethink 0 0 0 0 0 11 15 0 0 0 26

Product

 life

 extensión 

R5 Remanufacture 0 0 0 1 0 0 0 0 0 0 1

R4 Refurbish 0 0 0 0 0 1 1 0 0 0 2

R3 Repair 0 0 0 0 0 0 0 0 0 0
0
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Smart 
products and 
manufacturing 

R2 Reuse 0 0 0 0 2 1 0 0 0 0 3

R1 Reduce 0 3 1 2 0 0 3 3 0 1 13

R0 Refuse 0 0 0 1 1 0 0 0 0 0 2

Total 0 3 4 8 19 21 22 7 0 1 85

Source: Own elaboration 

*the details have been kept confidential until permission to publish them as an annex to this document has been requested 

As for the circularity strategies they are aiming at, there is a greater technology 
concentration in the downcycling stage, which follows the trend of the most 
strongly industry-driven solutions (64; 75%), smart products and manufacturing 
(18; 21%), which is strongly influenced by data from Peru that concentrated most 
of its ICTs in this category and ends with product life extension (3; 4%).

As established by the abundant literature in R+D+I, technology scaling, and 
intellectual property, among others, the technology pipeline will be significantly 
filtered in the short and medium term, causing a large part of these technologies 
to be discarded. In comparative terms, the 2015-2035 Technology Roadmap for 
Chilean mining (Fundación Chile, 2016)influyendo en el diseño de las políticas 
públicas y en la estabilidad macroeconómica del país. Al considerar este 
planteamiento vale la pena preguntarse algunas cuestiones fundamentales: 
¿Seguirá siendo el cobre el motor de la economía chilena? ¿Hasta cuándo va 
a cumplir ese rol? ¿El salto al desarrollo depende de este mineral? La premisa 
tras esta Hoja de Ruta Tecnológica (HRT, shows the way in which none of 
the driving cores: Tailings, smelting and refining, operation and planning, 
mining concentration and hydrometallurgy, Chile or Peru, led in technological 
development or patenting.

The above is a call that adds to those expressed by national organisations, 
governments, industry, and academia, about the need to strengthen investment 
in R+D+I and consider technology-based entrepreneurship as part of the 
innovation process for Chile and Peru (Kantis & Angelelli, 2020). On the other 
hand, the need for innovations that allow boosting the CE to be implemented in 
real industrial contexts is highlighted.

a global view of mining waste 

Due to the initial degree of maturity of CE in the primary copper mining sector 
in the three analysed countries, which has been corroborated in each of the 
workshops, interviews, and literature reviewed, the revalorisation and recycling 
processes are the ones presenting the greatest opportunities in the short and 
medium term. This is at least for the following reasons:

the arrival of the circular economy in primary mining in 
chile, peru and colombia

63// january 2022



a. Pre-existing waste in the industry (environmental liabilities): To be 
circularised within the same industry or as part of the symbiosis drive with 
other industries.

b. Annual volume of waste: The annual volume of waste generated by the 
primary copper mining requires cost-efficient technological solutions 
for the treatment of large amounts of material, which will require longer 
lead times for their extended use, due to investment levels, commercial 
agreements, operational and technological conditions needed for its drive. 

c. Impact on the community: Massive mining waste, especially tailings, is 
critical in the relationship with communities, and therefore presents an 
opportunity in the generation of shared value and social license to operate, 
and be addressed in the short and medium term by industry. Besides, 
the installation of solutions (companies) at the local level that generate 
economic, social, and environmental development may contribute to 
improving the legitimacy of the industry in the countries under study. 

d. Legal provisions: Extended producer responsibility regulations force the 
mining industry to manage directly or indirectly its waste, mainly industrial 
derived from mining activity. 

When participants were asked which products priorities are to be circularised in 
the industry, a total of 4 massive mining wastes and 9 massive industrial wastes 
were identified. 

Table N°11: List of mining and non-mining wastes from primary copper mining in Chile, Peru, and Colombia 

Massive mining Industrial mining 

Tailings Tyres 

Crushed Rock Conveyor belts

Water Grinding balls

Slag Plastics

Concrete 

Steels

Irrigation lines

Organic waste

Lubricants

As mentioned in the section about barriers, there is little information of public 
access, complete or methodologically equivalent for most of the wastes 
mentioned, which is a limitation for understanding, analysing and make decisions 
about these wastes at a systemic level. However, the following sections will 
provide some global and regional figures based on the selection of two specific 
wastes which provide evidence of the circularity challenge they represent.
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the market for massive copper mining waste. 

Market&Market data in its Global Forecast to 2022 report show that the waste 
market will reach 233.57 billion tonnes per year in the mining industry, considering 
three types of waste: Mine Water; Overburden/Waste Rock; and Tailings, from 
the types of extraction methods (surface + underground). According to the kind 
of metals and minerals, it is shown that copper occupies the third place in waste 
production at the global level, with a growth rate of 64% between 2017 and 
2022*.

Table N°12: Mining waste management market 2017-2022 (billions of tonnes)

Metal-Mineral 2017 2022 Variation

Term Coal 92.91 108.65 16.9%

Iron Ore 27.31 38.33 40.4%

Copper 20.7 33.95 64.0%

Coking Coal 17.87 27.14 51.9%

Nickel 2.98 7.88 164.4%

Zinc 5.51 7.58 37.6%

Gold 3.49 5.41 55.0%

Lead 1.65 2.6 57.6%

Bauxite 1.23 2.03 65.0%

Source: Own elaboration with Market&Market data

From the previous data, it can be deduced that the compound annual growth rate 
(CAGR) will reach 6.1% by the end of 2022. This rate is expected to continue to 
rise by 2030, due to increased demand for minerals and metals as the basis for 
innovation processes in electromobility and mass electrification, like other uses.

From the geographic point of view, the data show that South America accounts for 
11.30% of mining waste management, with Asia-Pacific being the geographical 
region with the highest percentage.
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Figure N°19: Mining waste management market (top 3) by geography 
worldwide 2017

Source: wn elaboration with Market&Market dat

Figure N°20: Mining waste management market by type of waste in 
South America 2017-2022

Source: Own elaboration with Market&Market data

Disaggregated data for South America show that mining water is the main waste. 
However, it is recognised in industry that tailings are the main concern to be 
tackled, both because of their impact on the environment and the community’s 
view, as well as their increasing recognition as a source of business from 
reprocessing. 
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Figure N°21: Mining waste management market by South American 
countries 2017-2022

Source: Own elaboration with Market&Market data

Regarding distribution by countries, Brazil, and Chile present similar figures, 
followed by Peru. The rest of the countries of the region show volumes 
considerably lower, which is consequent with the size of the mining industry in 
the rest of the continent.

Specifically, for waste from Chile and Peru, which is a result of copper extraction 
activities, the following table shows that Chile is the largest generator of total 
waste for the period under study.

Table N°13: Mining waste management market 2015-2022 
(In millions of tonnes)

Country  2015  2016  2017  2022  CAGR

Chile 6,459.9 6,168.3 6,368.3 7,485.1 0.33%

Peru 1,909.5 2,579.5 2,939.9 5,663.7 0.14%

Source: own elaboration based on information from Global Forecast to 2022 (Market&Market, 2022)

. .. . .

. .. . ..
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Based on the results of the workshops and interviews, and the analysed data, 
we proceeded to investigate two mining wastes for Chile, Peru, and Colombia. 
As explained previously, the lack of information, its fragmentation and 
methodological standardisation mean that the results can only be taken as a 
reference. 

two examples of circularity opportunities 

Two mining wastes have been chosen: tailings and grinding balls to show the 
potential opportunities that CE represents. Due to the lack of information, 
fragmentation and different calculation methodologies used, it is important to 
be cautious of in the interpretation of the data, which should be taken only as a 
reference and lead to specific studies.

Similarly, it is worth remembering that opportunities are not only provided by 
waste volumes, but also by a group of moderating variables such as geographic 
location, physicochemical composition, production chains, availability of 
technologies and regulations to allow their recovery and use in the same copper 
extraction cycle, or in other economic activities. Therefore, the purpose of this 
section is to present, in general terms, the opportunities that CE represent for 
tailings and grinding balls as examples of the value that CE can have for the 
industry 

tailings

Mining is a high-impact productive activity able to generate economic value 
resources where it is carried out. However, this activity has negative impacts in 
our environment through the waste it generates, being “the tailings” one of the 
most significant, obtained after the process of concentration of sulphide ore. This 
has developed a focus of concern associated with their huge volume, and their 
potential physicochemical instability (COCHILCO, 2019).

Tailings have been studied for their use in various applications, such as: 

Cement: The use of copper tailings as an additive in cement could increase its 
resistance and elasticity, while improving its performance. A study in China 
showed that it is optimal to add 15% tailings to cement (COCHILCO, 2021a; 
Zhang et al., 2014). 

Bricks and tiles: The feasibility to make bricks using copper tailings, through 
geopolymerisation was studied. In Peru, the addition of copper tailings in the 
production of bricks and tiles was studied. The amount of dry tailings added 
ranged between 10% and 22% (COCHILCO, 2021b; Romero & L. Flores, 2010).

Concrete: The addition of tailings to concrete has a slight negative impact 
on slump, porosity and setting time. Regarding the toxicity of the mixture, 
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experiments carried out showed that heavy metal levels that could be released 
are much lower than the maximum limits established by USA regulatory codes 
(COCHILCO, 2021a; Onuaguluchi & Özgur, 2012). 

Paint: Tailings can be used as paint extenders. Paints with added copper tailings 
extender demonstrated to have better performance in hardness, adhesion, and 
resistance to abrasion, impact, and corrosion, under wet and salty conditions 
(Saxena y Dhimole 2006).

Reprocessing: This process seeks to recover valuable metals from fresh and old 
tailings to be commercialised in the market. There are practical experiences 
in the region of this kind of initiative, such as Minera Valle Central (https://
mineravallecentral.cl/), which recovers copper and molybdenum from tailings 
coming from Codelco Chile, El Teniente Division. The plant processes around 
130,000 ton/day of tailings, with a grade of 0.12% total copper. However, they do 
not have an extended use in the industry, yet.

Next, some estimates of the potential CE offers in copper recovery for Chile and 
Peru. The key assumptions in these calculations are the following:

 • Available tonnes of current copper tonnage were estimated to be 
11,042,372,737 tonnes, based on the volume authorised by SERNAGEOMIN 
(2020) to be 25,830,960,784, i.e 43%.

 • Based on the geochemistry of each copper bearing tailings, in their different 
categories, their respective percentage of available copper (grade) was 
calculated at 0.15%, which is consistent with other specialists’ analysis 
(https://www.cesco.cl/2019/08/16/los-relaves-son-una-oportunidad-
para-avanzar-en-una-mineria-de-menor-impacto/).

 • On the assumptions that tailings reprocessing is allowed; that available 
technologies remain constant; and that the geographical location of 
tailings allows its access, a maximum recoverable copper content of 10% 
was estimated, resulting in a potential fine copper recovery in tonnes of 
1,656,335.

Table N°14: Tons of copper tailings recoverable from tailings 
(in tonnes)

Elements Total current tonnes  Tonnes of copper (0.15%) 

Copper-molybdenum 5,548,525,411 8,322,788 

Copper 5,204,691,498 7,807,037 

Copper-gold 288,440,914 432,661 

Gold-copper 447,711 672 

Copper-gold-silver 267,203 401 

Total 11,042,372,737 16,563,559 

Recovery at 10% (tons) 1,656,356
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Considering a price per copper tonne of US$8,708 (COCHILCO projection for 
2022), the business potential reaches USM$14,423,547, with a contribution to 
the reduction of greenhouse gases of 9,441,228 CO

2
 equivalents (based on 5.7 

CO
2
 eq according to information from Alta Ley Corporation).

Based on the above data, the copper recovery potential up to 2030 was projected 
for Chile and Peru. The latter country’s data were estimated as a percentage of 
Chile, due to the lack of complete data.

Table N°15: Tailings projection and copper recovery in thousands of tonnes for Chile and Peru, 2022-2030 

2022 2023 2024 2025 2026 2027 2028 2029 2030 Total

Chile  790,375  863,237  913,116 1,007,852  1,103,001  1,152,958 1,232,652 1,250,755  1,282,544  9,596,489 

Copper tonnes 
at 0.15%

 1,186  1,295  1,370  1,512  1,655  1,729  1,849  1,876  1,924  14,395 

Recovery at 
10%

 119  129  137  151  165  173  185  188  192  1,439 

CO
2
 eq 

recovered
 676  738  781  862  943  986  1,054  1,069  1,097  8,205 

Perú  341,483  392,968  417,640  450,120  515,204  540,970  564,544  640,022  627,570  4,490,521 

Copper tonnes 
at 0.15%

 512  589  626  675  773  811  847  960  941  6,736 

Recovery at 
10%

 51  59  63  68  77  81  85  96  94  674 

CO
2
 eq 

recovered
 292  336  357  385  440  463  483  547  537  3,839 

As can be seen, copper recovery from existing and projected tailings is a business 
alternative in the CE framework that should be strengthened in the short and 
medium term. 

grinding balls 

Cuprous minerals processing includes crushing and grinding, the latter being 
responsible for reducing the size of the particles that make up the ore, obtaining 
granulometries ranging from 150 to 300 microns, according to the degree of 
liberation of the useful species and its association with the type of gangue. 

The equipment used for this purpose is the grinding ball, responsible for grinding 
and mixing the material. It works under the principle of impact and friction: size 
reduction is achieved when the grinding media characteristic of this equipment 
(balls or spheres) impact with each other and against the particles of the material 
to be fractioned. The balls are key inputs that are divided into:  
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Figure N°22: Types of grinding balls

Source: Own Elaboration
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Taking Chile’s projected sulphur production, plus estimates that allowed the 
construction of Per’s, the unit consumption of grinding balls was estimated, 
and the potential demand of grinding balls up to 2030 was projected. To do 
this, the unit consumption rate of steel balls of 700 gr/ton of mineral used by 
COCHILCO in the report Analysis of Key Inputs in Copper Mining was used,and 
the following table was constructed with the production of sulphide lines of the 
copper production sites

Tabla N°16: Projected grinding media in thousands of tonnes per year 

Country 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 Total 

Chile  485  476  499  539  580  631  661  682  712  724  738  6,728 

Peru  151  170  211  242  256  252  248  228  218  217  228  2,421 

Source: Own elaboration based on COCHILCO information

Responding to the increasing demand for grinding balls in the coming years 
is an interesting challenge that companies like Magotteaux (https://www.
magotteaux.com/es) are tackling through the production of grinding balls using 
recycled steel, which is explained in the following model
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Figure N°23: Model for the production of grinding media from recycled 
material

Source: https://www.mch.cl/2021/06/16/magotteaux-potencia-negocio-de-
reciclaje-para-su-produccion-de-bolas-fundidas/#

90% of the raw material used by Magotteaux in the manufacture of molten balls 
is sorted ferrous scrap, offering mining companies to capture the waste by:

 • Recycling of end-of-life balls in the grinding process 

 • Decommisioning after site closure 

 • Renewal of machinery already in disuse 

 • Dismantling of buildings and installations 

 • Ferrous scrap arriving as final waste treatment destination

Among the possibilities of industrial symbiosis to boost the production of grinding 
balls with recycled steels, is the recovery of steels coming from end-of-life mining 
tyres (ELT). With the implementation of the Extended Producer Responsibility 
Law in Chile and the application of the Special Regime for the Management and 
Handling of End-of Life Tyres, there is an opportunity to recover this material 
from the mining industry to be used to be used in its own production processes.

Estimates of valuation rates to be met by the mining industry, measured in 
tonnes of category B ELT, from the Chilean Tyre Industry Chamber provide an 
approximation for the case of Chile regarding the potential recovery of steels to 
be used in the manufacture of grinding balls for each year. The following table 
presents figures from 2023 to 2030: 
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Table N°17: Potential recovery of grinding balls steels by mining ELT in Chile 2023-2030

Years Targets for the 
recovery of mining ELT 
in tonnes 

Recoverable Steel 
from ELT 

 (20%*)

Projected ball demand 
per year in tonnes

Percentage of Steel 
recovery for balls from 
tyres 

2023 9,197 1,839 539,000 0.3%

2024 9,473 1,895 580,000 0.3%

2025 9,757 1,951 631,000 0.3%

2026 10,049  2,010 661,000 0.3%

2027 31,053 6,211 682,000 0.9%

2028 31,985 6,397 712,000 0.9%

2029 32,944  6,589 724,000 0.9%

2030 45,243 9,049 738,000 1.2%

Total 179,701 35,940 5,267,000 

Source: Own elaboration based on information from Chilean Tyre Industry Chamber A.G and Mr. José Browne 
presentation, 2021 (https://youtu.be/mMumEBFkMWE) 

*Expert in mining tyre recycling companies in Chile, consulted 

Revalorisation of steel allows not only the circulation of metal, but also reduces 
the carbon footprint of mineral extraction and product transport from the 
main Asian producers (especially China), generating economic, social, and 
environmental value in the mining industry.

In addition to the above, it is important to highlight that steel is only one of the 
products from ELT; there is also rubber, as a raw material for lawn, floors, asphalts, 
energy, which are examples of an industrial symbiosis that can be fostered within 
the mining industry and with other industries.
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 synthesis and recommendations 

The arrival of CE in the Andean primary mining is recent and is part of a global 
context where circularity is still not a rule, but rather a commitment that 
countries, organisations, and individuals have started to assume, but which is far 
from being extended in its actions and results. Stating the opposite would be to 
disguise an evident truth.

Given the above, understanding the barriers and challenges that the primary 
copper industry will have to address to move from the current linear to a circular 
model is therefore critical. No doubt, there are many factors that are worth 
highlighting, more than this document manages to cover, but a couple remain in 
sight due to their significance in the construction of the narrative

Cooperation. All participants in this process have stressed that convergence of 
interest, resources, skills, and commitments are required to make CE a reality in 
the industry. Without such cooperation, efforts made at individual or sectoral 
levels will lose the systemic potential and run the risk of not surpassing the 
threshold of good practices.

Besides, cooperation implies assertiveness to understand the context of 
each of the system players and to look for common solutions overcoming 
the transactional sphere, to move towards the generation of shared value. All 
countries, organisations and individuals are called upon to join in, even betting on 
an international cooperation oriented towards a shared purpose.

Purpose. On the other hand, CE is not an end in itself, but a way to achieve 
the higher goal of moving towards a just transition in countries where there 
are still significant inequalities, and where there are growing fractures in their 
internal coexistence. Participants always showed a strong orientation towards 
understanding that CE aims at the regeneration and restoration of ecosystems 
but can also be an important tool to fight against social and economic inequality 
in the region.

Finally, the recommendations presented here, are the logical result of interviews, 
workshops and state of the art review synthesised in table No 9 of this document, 
emphasising the link between the barriers and the 10-year challenges to be 
addressed by public, private, academic, and social players who are part of the 
industry and others related. Recommendations have only been grouped together 
to simplify the reading:
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 • Strategic thinking: progress must be made at the international and national 
level in the design of multilateral agendas to succeed in articulating 
the work of industry in different countries. In this context, the role of 
international organisations and alliances mentioned in this report can be 
essential to integrate the work of industry within the framework of the 
development of national strategies and roadmaps.

In addition to the above, it is necessary to deepen the systemic approach 
at the national level, to address the circularity of the primary mining 
industry. It seems necessary, in this case, to build strategies and roadmaps 
for the industry with the participation of the various players. This would 
provide a strategic framework for actions that run the risk of remaining at 
the individual level. 

 • Incentives: The countries of the region must expand, improve, and 
articulate their legislation encouraging the transition towards CE in the 
primary mining industry, as a result of a participatory process between the 
executive and legislative powers, industry, academia, and society so as to 
have realistic regulatory frameworks adjusted to the region’s context. On 
this point, while efforts in terms of extended producer responsibility are 
relevant, regulations should be designed to encourage deeper circularity 
processes, such as eco-design, industrial symbiosis, remanufacturing, 
among others. 

Likewise, it is also necessary to design tax incentive instruments that 
reward companies making efforts for circularity. There should not only be 
mechanisms that make those who pollute more pay more, but also reward 
those making efforts to transform their model. 

 • Innovation: In the short term, it is necessary to move towards the 
implementation of robust public, private, and private-public funding 
instruments, oriented towards technological development and the CE 
challenges in the field of industry.

Governments, companies, and academia must generate joint working 
spaces allowing for the design of this type of initiatives, where the 
historical divergence of interests can be resolved around higher issues, 
such as climate change and sustainable development.

Part of these funding efforts must be directed to foster technology-based 
entrepreneurships, especially in the supply chain to enable their long-term 
growth.

 • Training: Promoting the development of multilevel training programmes 
will be essential to drive the theoretical and applied knowledge of CE, 
with an emphasis on mining industry. At university level, undergraduate, 
postgraduate and PhD training must converge with that aimed at training 
technicians and on-the-job training enabling to boost circularity in the 
entire organisation.

 • Information: There must be progress in the implementation of updated 
information systems, publicly available and with methodologies validated 
by the different players, allowing for measuring the circularity potential 

the arrival of the circular economy in primary mining in 
chile, peru and colombia

76// january 2022



present in the industry and between industries. Having information about 
potential inventories for circularity seems to be essential both in terms of 
public policy and in business decisions. In addition to the above, there is 
a need for advancing in gap reports and technical-economic analysis to 
drive circularity in the industry. 

 • Value chain: Designing public funding instruments for local mining 
suppliers seeking to move towards circular models is essential in the short 
term. Due to the amount of micro and small companies in the mining value 
chain, it is recognised that there is funding, knowledge, technological and 
commercial gaps that cannot be addressed individually.

Similarly, the client companies themselves can collaborate in the process 
of transformation of their suppliers through knowledge and technology 
transfer programmes, the circularity valuation in product and service 
contracts, as well as in ensuring waste flows for the development of 
revaluation companies.

 • Positioning: There is still a lack of understanding of what CE is, how it is 
implemented, and the results to be attained. This is especially important 
in the short term due to the relationship the mining industry establishes 
with various national and international interest groups. It is recommended 
to build and implement a joint agenda in terms of communication aimed 
at positioning CE both within and outside the industry, with a special 
emphasis on its contribution to the generation of shared value.
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[figure 21]

[figure 22]

Workshop 1: Identifying circular challenges 
in the Andean primary mining

Trend context: Turbulence, Uncertainty, 
Change and Ambiguity

[figure21]

What scenarios can we envisage for the 
future of mining in the Andean region with 

sustainable development in mind?

[figure 21] 

What are the industry’s main circularity 
challenges for the coming 10 years?

[figure 21]

Circularity challenge matrix

[figure 21]

 annexes | workshop matrices 
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[figure 24][figure 23]

[figure 25]

Workshop 2: Identifying barriers to boost 
circularity in the Andean primary mining 

Which are the main barriers that industry 
faces or will face in moving forward in the 

Circular Economy?

[figure 25]
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[figure 26]

[figure 27]

How can we rank these barriers 
regarding importance and desired 

resolution time?

[figure 26]

What role should the following actors 
play in overcoming the barriers 

mentioned in the (Urgent) quadrant?

[figure 27]
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[figure 28]

[figure 29]

Workshop 3: Identifying circularity 
technologies and solutions 

What products are a priority for 
circularisation in the industry?

[figure 28]

Workshop 4: Synthesis, agreements, and 
recommendations 

What recommendations would you give to the 
following sectors to advance and accelerate the 

transition towards Circular Economy in the primary 
mining industry in Chile, Peru, and Colombia?

[figure 29]
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[figure 30]

Matrix of importance and time to 
implement recommendations 

[figure 30]
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