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Chapter 4

Implementation of Circular Economy
Between Mining and Construction Sectors:
A Promising Route to Achieve Sustainable
Development Goals

Aiman El Machi and Rachid Hakkou

4.1 Introduction

For the past 150 years, the one-sense model of production and consumption has
dominated the world. In this concept of a one-way supply chain, commodities
undergo industrial processes to transform raw materials into finished products that
are sold, utilized, and eventually disposed of either by incineration or as waste when
they reach the end of their useful life. The raw materials that were initially gathered
from nature are typically thrown away after a certain product has been consumed.
This model is sometimes referred to as a linear model because it simply follows a
linear route. It is more obvious that a linear business model cannot be continued for
sustainable development due to the increasing growth in population, urbanization,
and industrialization. Thus, growing demands for resource consumption lead to
negative environmental impacts. However, policymakers, scholars, global corpora-
tions, and implementers are more interested in the move from the current linear
economic model to a circular one.

The Ellen MacArthur Foundation (EMF) released research at the World
Economic Forum in 2012 that assesses the possible advantages of the shift to a cir-
cular economy (CE). Only a portion of the EU industrial sectors might potentially
benefit from approximately US$630 billion annually [1]. CE has considerable envi-
ronmental and social benefits in addition to its enormous economic advantages,
according to the EMF. To minimize resource leakage, CE is able to separate
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economic growth from the use of resources. This can be done through the share,
lease, reuse, repair, renovate, and recycle in a closed loop.

Contemporary society cannot function without metals. The demand for raw
resources has expanded globally in recent decades, and between 2010 and 2030,
resource utilization is predicted to even double [2]. The UN sustainable develop-
ment objectives and the execution of the Paris Agreement adopted in 2015 led to the
extensive use of a diversity of minerals for low-carbon applications.

As stated in Principle 8 of the International Council on Mining and Metals prin-
ciples ICMM), mining operations are linked to the use and disposal of goods that
contain metals, involving the mining sector in efforts to close material cycles
through recycling on a global scale. However, it is important to investigate potential
at the mining site level before expanding the extractive industry’s accountability
across the full value chain. Otherwise, the construction sector is an important pillar
of modern civilization. However, it has a negative environmental effect but contrib-
utes to environmental protection through the concept of sustainable construction
[3]. Traditional construction gives little consideration to the effects on the environ-
ment and instead prioritizes cost, time, and quality. Nevertheless, sustainable con-
struction tends to social demands while taking precautions to reduce any potentially
harmful effects on the environment. Adopting sustainable construction practices can
effectively lower the negative effects of construction activities.

It is very important to find adequate ways to reach the desired economic growth
without negatively impacting the environment. This is only possible through the CE
concept implementations in different sectors, and in diverse cycles (upcycle, down-
cycle). This strategy is a big enabler for both the mining and construction sectors to
thrive through sustainability. In this chapter, the impact of the implementation
of CE is discussed between the mining and construction industries. Case studies
from several countries and companies are used as examples to provide a better
vision. Moreover, multiple technical advances and future perspectives are presented
to give more insight.

4.2 Mine Waste Management and Environmental Issues

4.2.1 Mining Industry and Waste Generation

The mining sector is an essential aspect in economic growth by providing vital raw
materials and energy for many industries. However, its activities are still considered
an impediment to natural resources, with negative environmental effects. In this
context, the last decade has seen a renewed discussion about mining and sustain-
ability due to public worries about the current degradation of the environment
related to diverse mining processes.
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Mine waste is the largest waste flow in the EU. Each year, mining activities pro-
duce huge quantities of mine waste. As stated by the Mining, Minerals, and
Sustainable Development Project, about 3500 mineral waste facilities are active
worldwide, composed mainly of dumps and dams. Over 100 billion tons of solid
waste are produced annually from mining around the world presenting major envi-
ronmental issues needing adequate management strategies [4].

The global estimated amount of waste from metal mining generated is approxi-
mately 4 gigatons/year [5]. At the same time over 1.2 billion tons of residue waste
have previously been produced in the EU [6]. The valorization of mine waste is
encouraged due to the financial and environmental expenses related to its manage-
ment. In addition, these residues are considered raw materials in other technologies
such as construction and buildings.

4.2.2 Environmental Risks Related to Mine Waste

Mining waste management involves the identification of diverse wastes and their
effects on the environment and society in the framework of mining waste mitiga-
tion. The environmental risks of mining waste generation are acidity formation,
heavy metals leaching, and stability of the tailings. Tailing dam catastrophes have
happened in several countries. A dam is a storage space occupying several square
kilometers of land, that could suffer from failures, responsible for environmental
disasters. In 2008 when a dam accident happened in China 277 people died [7].
Tailings dam collapsed in 2015 in Brazil leading to the release of about 43.7 million
m? of residues. In 2019, an iron tailings dam in Vale collapsed resulting in the death
of 206 people [8]. Furthermore, waste rock and tailings cause severe human health
complications resulting from the release of pollutants by leakage. Acid mine drain-
age (AMD) is a significant issue in mining activities. AMD is produced by sulfide
oxidation in wastes releasing high content of sulfate, iron, and heavy metals charac-
terized by acidic pH. AMD negatively impacts groundwater quality and limits the
use of downstream water. The rehabilitation policies and the design of water treat-
ment facilities remain important solutions to protect the surrounding environment.
The remediation of AMD is still costly at around US$1.5 billion per year and the
global environmental responsibilities are more than US$100 billion [9].

Different disposal methods of tailings are studied including conventional dis-
posal; tailings reuse, recycling, reprocessing; and proactive management respecting
the ICMM principle 8 (Table 4.1). The important statement is adopting an integra-
tive approach for tailings management to improve environmental, social, and eco-
nomic results. Thus, the recycling and reuse of mine tailings are new technologies
to remediate environmental issues.
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Table 4.1 ICMM principles

P:ll::gtl)ilre Principle field of interest
1 Ethical business
2 Decision-making
3 Human rights
4 Risk management
5 Health and safety
6 Environmental performance
7 Conservation of biodiversity
8 Responsible design, use, reuse, recycling, and disposal of materials
9 Social performance
10 Stakeholder engagement

4.3 Valorization of Mine Waste for Construction Applications

4.3.1 Recycling of Mining Solid Waste
Jor Construction Materials

In the framework of sustainable development goals (SDGs) of the UN and the
implementation of the Paris Agreement, diverse minerals are used for green tech-
nologies considering low-carbon applications. The recycling of mine waste is quite
compatible with the UN’s SDGs. Mine tailing valorization participates notably in
SDGI11 “Sustainable Cities and Communities” and to SDGI12 “Responsible
Consumption and Production” by minimizing the output of waste. The management
of mining waste currently consists of linear system thinking “take-make-waste.”
The employment of a CE model in the mining sector is necessary to resolve the
issues of environmental pollution and to minimize waste with the generation of
economic profits.

In another context, urbanization critically increases as 55% of the population
lives in urban areas and will rise to 68% by 2050 implying a great consumption of
raw materials to design building products [10]. To minimize this negative impact,
the European Commission aimed to decrease the emissions related to the construc-
tion industry by 90% in 2050 [11]. Thus, the employment of residues to replace raw
materials in construction may be an efficient method to attain CE goals by produc-
ing eco-friendly building materials with low embodied energy.

Mine wastes are considered a sustainable source of alternative materials in con-
struction applications. These wastes are valorized as raw materials to produce clin-
ker, bricks, aggregates, mortar, concrete, and geopolymers. The evaluation of the
use of mine wastes and tailings as cementitious materials has roughly been investi-
gated. Coal waste was used as raw material to produce clinker encouraging the
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saving of fossil fuels in kiln combustion [12]. Ceramics applications present an
important alternative to reduce the costs associated with the management of mine
tailings. In Russia, wastes from coal mines were recycled to produce ceramic bricks
[13]. The fired bricks application is mainly targeted to allow the immobilization of
the pollutant elements in the ceramic matrix [14].

Xu et al. [15] investigated the substitution of natural aggregates by iron tailings
fine and coarse aggregates to produce concrete. Fontes et al. [16] used these tailings
to produce ceramic tiles. Lam et al. [17] employed copper tailings as fine aggregates
to elaborate concrete paving stones. More recently, Huynh et al. [18] tested the per-
formance of fine-grained concrete samples using copper tailings. In addition, phos-
phate mine waste was recycled as coarse aggregates in concrete [19, 20].
Furthermore, Sedira et al. [21] recycled tungsten waste mud in alkali-activated
binder. Furthermore, metallic tailings containing lead and zinc were valorized as
aggregates for the formulation of mortar [22]. Mining waste from copper, gold, iron,
bauxite, vanadium, zinc, and phosphate ores was used in the production of geopoly-
mers for construction applications [23].

4.3.2 CE Concept Implementation in Mining Sector

The most recent approach to improving environmental sustainability is CE. Although
Leontief [24] initially discussed CE in 1928, its first international application came
when the German Parliament established a law on CE in 1996 [25]. Since the end of
the 1990s, CE has been launched in China to solve environmental issues [26]. The
visual representation of the CE concept is presented in Fig. 4.1. There is strong
interest in CE in the political agenda in Europe to promote economic growth while
reducing environmental impacts. In the UK, the implementation of a CE could pro-
duce 50,000 new jobs and attract investment of up to €12 billion [27]. The minerals
and mining sector has made significant progress in the performance assessment of
CE in relation to sustainable development, and the construction and building sector
has also received substantial attention. Introducing a CE model into the mining sec-
tor could transform the industry into a sustainable one. Furthermore, the mining
industry has enormous potential to adopt the CE approach by utilizing waste materi-
als at different life cycle stages and developing eco-friendly products. Despite being
in the early stages of the CE implementation, the development and implications of
CE in the mining sector have grown significantly in recent years. The current CE
agenda focuses on the supply chain of materials and the recovery of waste for direct
reuse, which are two critical principles for a successful CE implementation.

The implementation of CE in the mining and construction/building sectors can
significantly contribute to achieving the Sustainable Development Goal (SDG12),
responsible consumption and production. By adopting a CE approach, these sectors
can reduce waste and resource consumption while promoting resource efficiency
and closed-loop systems. This can be achieved by recycling materials and products,
using renewable energy sources, and improving product design to extend their
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Fig. 4.1 Visual representation of CE concept

lifespan. In the mining sector, the use of waste materials as a source of secondary
raw materials can reduce the need for extracting new materials from the earth, thus
minimizing the environmental impact of mining operations. Similarly in construc-
tion, the use of recycled materials and prefabricated modular construction can mini-
mize waste and resource consumption, while reducing construction time and cost.
Moreover, the implementation of CE can have positive effects on multiple SDGs.
For instance, the use of renewable energy sources in mining and construction can
contribute to achieving SDG7, affordable and clean energy. The development of
closed-loop systems and resource-efficient technologies can promote SDG9, indus-
try, innovation, and infrastructure, and SDG11, sustainable cities and communities,
by reducing the environmental impact of industrial activities and improving the
sustainability of urban areas. The reduction of water consumption and the treatment
of wastewater can contribute to achieving SDGO6, clean water, and sanitation, while
the promotion of decent work and the creation of green jobs can promote SDGS,
decent work, and economic growth. The reduction of greenhouse gas emissions and
the adoption of sustainable land management practices can contribute to achieving
SDG13, climate action, and SDG15, life on land, by mitigating the impact of indus-
trial activities on the environment and preserving biodiversity. Figure 4.2 provides
the percentage of addressed SDGs by projects related to the implementation of CE
on the reuse of mine waste in the construction sector. A summary of the implemen-
tation status of CE in different countries shows that a global urge for such policy
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Fig. 4.2 Percentage of addressed SDGs by projects related to implementation of CE on reuse of
mine wastes in construction sector

exists and some countries have reached a developed stage of implementation, while
others remain at the beginning, as illustrated in Fig. 4.3. This fact is linked to many
factors, the existence of laws, financial support and socio-economic awareness of
the positive impact of adopting CE. The countries indicated in Fig. 4.3 are classified
into four categories regarding their implementation of CE. Germany, Norway, South
Korea, and the UK have advanced CE-driven societies and have attained a substan-
tially greater level of the CE implementation. Australia, Canada, China, and the
United States are in a less advanced state. Either they started the CE process more
recently with significant implementation outcomes, or they started the CE process
years ago with little success. Fewer countries, including Bhutan and Vietnam, have
pioneered CE-driven societies through a number of actions and measures. In many
areas of the economy, they began to minimize and reuse resources, and they saw
progress. Afghanistan, Israel, and Morocco are at the beginning stages of imple-
menting CE concepts, while there are a few isolated instances when resource recy-
cling occurs on individual initiatives.

CE practices such as reusing and recycling mining waste have been successful in
reducing resource waste. Anglo-American, a mining company based in South
Africa, has implemented a zero-waste-to-landfill strategy by repurposing or recy-
cling mining waste. To reduce the amount of hazardous waste sent to landfills, they
employ a bioremediation plant that restores soil affected by hydrocarbon spills, thus
promoting health, and protecting life on land, which is in line with SDG15 and
SDG3. Recycling post-consumer minerals and metals at the end of their life through
mineral recovery can also give resources a new lease on life. For instance, Sumitomo
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Fig. 4.3 Status of CE implementation in countries. (Data from [28])

Metal Mining was able to increase its copper scrap recovery rates significantly by
processing high-purity copper scraps directly at their Tokyo smelter and refinery
between 2010 and 2015. Lastly, by increasing comminution efficiency, energy
recovery practices can recover the heat generated from mining processes and con-
vert it into usable energy.

There are various global public policies that support circularity of minerals and
metals. The CE Action Plan in Europe offers guidance and promotes best practices
in mining waste management plans across the EU. The Canadian Minerals and
Metals Plan emphasizes the continuous reduction of mining’s environmental foot-
print by promoting CE practices, including transforming mine waste into useful
products, enhanced mine closure planning, and environmentally reclaimed mine
sites. The plan also includes systemic climate change adaptation planning. The
Green Mining Initiative aims to improve energy efficiency, enhance productivity,
and improve waste management and water management. The initiative has two
main objectives: to reduce the environmental impacts of mining and to enhance
Canada’s competitiveness.

Mining in Australia has taken the lead in the development of CE in eco-industrial
regions. Recently, regulatory strategies for metal recycling have been reevaluated
based on the CE concept to revise regulations and their application to various stages
of a metal’s lifecycle from extraction to disposal. In Finland, Sitra’s CE roadmap
aims to reduce environmental impact, promote sustainable use of non-renewable
resources, and utilize side streams. Mining waste including tailings, sludge, slag,
dust, and ash can be considered secondary raw materials moving towards zero
waste. In China, Urban Mining Pilot Cities aim to reduce the production of recy-
clable waste and promote sustainable urbanization. The CE model, consisting of
“Reduce, Reuse, and Resource,” was tested in six classes of UMPCs across 49 cities
between 2010 and 2015 to improve industrial development and resource utilization.
Morocco’s mining industry holds 75% of the world’s phosphate reserves but gener-
ates large quantities of waste. To reduce waste and generate new income, the
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phosphate mining company is working on recycling phosphate by-products for con-
struction applications using various technologies.

The adoption of this approach by countries is an important index, but in parallel,
the implementation of CE can be very effective while included in companies’ busi-
ness models and roadmaps. For instance, Boliden, a Swedish mining company,
recovers metals from smelting slag and fly ash and turns them into construction
materials. Canada-based Teck Resources recycles waste from its lead and zinc pro-
duction to create new construction materials. Finnish start-up Betolar uses mining
waste to create a low-carbon cement alternative, reducing carbon emissions from
the cement industry.

Despite the progress made in implementing CE practices for mining waste reuse
in the construction industry, there are still limitations and challenges that countries
and companies face. One of the main challenges is the lack of standardization and
certification for secondary raw materials. The quality and safety standards for these
materials are not always clearly defined or consistent, which can create barriers to
their use in construction. Another challenge is the transportation of mining waste to
construction sites, which can result in increased greenhouse gas emissions and
transportation costs. This issue can be mitigated by sourcing materials locally, but
this may not always be possible. There are also financial challenges associated with
implementing CE practices, as they may require upfront investment and long-term
planning. Furthermore, regulatory frameworks and policies can vary greatly
between countries and regions, which can create uncertainty for companies looking
to implement CE practices. Finally, there may be social and cultural barriers to the
adoption of CE practices, particularly in communities where mining has historically
been a primary source of employment and economic development. It may take time
and effort to build trust and support for new approaches to waste management and
resource recovery.

4.3.3 Technical Advances and Future Perspectives

The reuse of mining waste in the construction industry is not a new concept.
However, advances in technology have made it easier to transform these waste
materials into useful products.

Advanced processing technologies including mechanical, thermal, and chemical
processes are being used to transform mining waste into value-added products.
These technologies are helping to develop new processes for transforming waste
materials into valuable products and optimizing the design and construction of
buildings using these materials. One example is the transformation of mining tail-
ings into construction materials like lightweight aggregate, paving blocks,
and bricks.

Geopolymer technology is a promising technique for the reuse of mining waste
in the construction industry. This technique involves mining waste materials to pro-
duce geopolymer binders that could be used as a replacement for traditional cement
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in concrete production, reducing the environmental impact of cement production
and providing a new market for mining waste materials.

Nanotechnology is being explored as a means of reusing mining waste materials
in the construction industry. A process has been developed using nano-silica
extracted from mining tailings to replace cement in concrete. This approach can
improve the strength and durability of concrete while reducing its environmen-
tal impact.

The future perspectives for the implementation of CE to reuse mining wastes in
the construction industry are promising. As the construction industry moves toward
more sustainable practices, the reuse of mining waste materials can provide a valu-
able source of raw materials.

The integration of digital technologies like artificial intelligence, machine learn-
ing, and 3D printing is optimizing the reuse of mining waste materials in the con-
struction industry. These technologies can help in developing new processes for
transforming waste materials into valuable products and optimizing the design and
construction of buildings using these materials. By doing so, the industry can make
significant strides toward achieving sustainable and circular practices.

Circular business models are promising in promoting the reuse of mining waste
materials in the construction industry. By creating new value chains for these mate-
rials, circular models create new revenue streams for the mining industry while
reducing its environmental impact.

To assess the environmental impact of using mining waste materials in the con-
struction industry, life cycle assessment (LCA) can be a useful tool. LCA can help
identify the most sustainable use of these materials and optimize their use in the
construction industry. LCA is also used to compare the environmental impact of
using mining waste materials with that of traditional raw materials.

Material flow analysis (MFA) can assess the flows of materials within a system
and identify opportunities for material reuse and recycling. MFA can be used to
determine the sources and destinations of mining waste materials and optimize their
use in the construction industry.

Blockchain technology can create a transparent and secure record of the prove-
nance and quality of mining waste materials. This can increase their value and pro-
mote their reuse in the construction industry.

The Internet of Things (IoT) can also play a significant role in promoting the
reuse of mining waste materials in the construction industry. By interconnecting
physical devices and systems through the internet, IoT can enable data exchange
and automation.

Digital twins are digital replicas of physical assets, systems, and processes. In
the context of CE and mining waste reuse, digital twins can simulate and optimize
construction processes, including the use of mining waste materials. By simulating
the performance of construction materials made with mining waste under different
environmental conditions, digital twins can identify optimal material formulations
and manufacturing processes.
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4.4 Conclusions

The world today faces environmental challenges growing over time and becoming
an imminent threat to humankind. Industrialization is a huge step toward economic
growth and well-being with a positive impact on humanity that cannot be neglected.
But the negative impact on the environment should be emphasized at the same time.
Thus, the need for a sort of agreement between the two is the only way to keep up
the good part and tackle the problematic ones.

Mining operations generate significant amounts of waste. Their accumulation
can cause dangerous environmental issues such as landslides, degradation of arable
land, and acid mine drainage. Therefore, repurposing mining waste for practical
purposes is crucial.

The construction industry is a major consumer of natural resources, causing sig-
nificant environmental impact. An effective solution is to form partnerships between
large waste rock producers and raw material consumers, which can reduce waste
and raw material consumption while supporting economic growth and SDGs.

The CE implementation between those two big sectors is much more a need than
a want today. This approach is the main directive to achieve the link between the
above-mentioned environmental problems while giving room for the socio-
economic thriving of businesses and countries. Accordingly, several countries are
now starting their new way to achieving sustainability through the CE implementa-
tion. Technically, the CE implementation can only be done if the right techniques
are involved. Therefore, LCA and other techniques are useful tools to assess the
sustainability impacts of CE strategies.

Ultimately, this mixture of theoretical approaches and technical advances will
never be possible to achieve without legal and administrative enabling. The urge in
terms of administrative procedures and legislation is growing, and there should be a
call to action in countries that are late in the CE implementation, after successful
application experiences of the lead countries.
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