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Abstract

South African companies with active mining licenses are required to consider several factors as a condition to
obtain their mining license in order to access their social license to operate. Mines provide the perfect
‘ecosystem’ within which to achieve the balance between environmental and social issues to deliver
commercial value.

Planning early for mine closure is essential to avoid future environmental and social liabilities. Current best
practices and legal obligations dictate that all mines should be ‘designed for closure’, and closure plans with
financial securities are required.

There is a heightened dependence between the mining community and the mine. The absence of strong social
benefits and the remoteness of mines mean that, for the duration of the active mine operations, a mine
community is built for the purposes of that mine. Their existence and subsistence rely on the activities and the
multipliers that mine activities create. Hence, the closure of the mine can be devastating for these
communities who have no means of economic existence post mine closure.

Feasibility assessments were researched and conducted to develop and build on a model that looks at the full
environmental scope of mine closure, alongside the public and community interests in that area. The model
assesses the point at which low-capital projects, long-term investment, mine rehabilitation and long-term
community sustainability converge, and how the financial, political and investment models need to be crafted
and considered to create viable, investment-attractive models for mine closure.

The ability to reconceptualise mine closure using a circular economy model to repurpose waste for production,
to utilise mining assets for sustainable community development, and create a consciousness of environmental
care, protection and activism to drive education, employment and entrepreneurship allows for the ultimate
impact mining has on the society of the future to be viewed through a different lens.
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1 Introduction

Mine closure is a challenge facing mining companies globally due to environmental and social impacts which
arise post-closure. In South Africa, this is especially evident as unemployment, social deprivation and poverty
are prevalent and there is often a heightened dependence between the mines and the surrounding
communities which ceases to exist once mines close. As a result, mine closure often creates social disruption
due to the migration of people seeking new job opportunities outside of the area.

Planning early for mine closure is thus essential to avoid future environmental and social liabilities.
Current best practices and legal obligations dictate that all mines should be ‘designed for closure’ prior to
the initiation of mining, and closure plans with financial securities are required as conditions to the mining
license (International Council on Mining and Metals [ICMM] 2019; ICMM 2025a). However, despite
commitments to leaving a positive legacy, once mines reach the end of their lives, current closure practices
offer limited social benefits and require significant long-term financial investment.
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The implementation of the mine closure plan is often a costly exercise that takes the mine land back to (or
as near as possible) its original purpose. Current rehabilitation practices often tend to postpone restoration
of mine lands to defer costs, but this generally has an impact on long-term financial liabilities. Delays in land
rehabilitation negatively impact on long-term water management on mine sites, increasing financial liabilities
related to ‘into perpetuity’ water management or treatment which precludes mines from obtaining closure
certificates (Botha et al. 2018). The legislation that governs closure at the end of a life of mine in South Africa
includes the demolition of infrastructure and whatever is not demolished is often stolen by the mining
community who, in the absence of active mining activities, resort to theft to subsidise their lifestyles.
Effective community engagement and social considerations are often lacking and tend to be either dismissive
or transactional rather than centred around meaningful dialogue and understanding community needs
and perspectives.

The intention of this paper is to highlight the paradigm shift required in the way the industry approaches
mine closure and its cost, environmental, social and reputational impacts. The model highlights how mining
areas provide the perfect environment within which to achieve the balance between environmental and
social issues to deliver commercial value by establishing transitional industries to minimise impacts on local
people in a post-mining era. This also allows mines to comply with the conditions in their mining license, as
well as provide a means to retain their social license to operate.

2 Model development

Mine closure provides an opportunity to diversify from a mining intensive economy to an economy that
supports knowledge, service, technology-based, and green initiatives that will encourage jobs, promote
upskilling of existing skills, attract new skills and investment to the area and reduce dependency on the
mining industry. The integrated mine closure model was developed in response to the needs experienced by
the mining industry when closing mines, in particular having to address long-term liabilities and taking
communities that remain into account. The model represents an innovative approach to rehabilitation, land
and long-term water management that can be applied to any mine closure site and links the socio-economic
requirements of the area to the mine closure obligations to support the region for a life after mining in a
sustainable manner by applying circular economy principles (Figure 1).

Development of a comprehensive masterplan for each mine would provide a phased roadmap for
implementation, integrating agricultural production clusters (including anchor crops and rotation strategies,
waste, rehabilitation and environmental assessments to determine the circular opportunities), infrastructure
investment planning (e.g. water systems, access roads, utilities), community and stakeholder engagement,
value chain development including offtake and processing, as well as environmental, social and governance
compliance, impact reporting, monitoring, and adaptive management protocols

The closure plan should be tailored to address the needs of each site, to ensure a fit-for-purpose plan is
implemented in a regional context ensuring the mine leaves a positive and sustainable legacy. Key to the
development of an integrated closure plan is effective community and stakeholder engagement to identify
community challenges to ensure these can be addressed throughout the development of an integrated mine
closure plan (ICMM 2025b). Collaboration with all relevant parties, a thorough understanding of the potential
for alternate and transitional industry establishment, and a comprehensive knowledge of the site
characteristics form the basis of the integrated closure plan with key considerations for how this reduces
liabilities and optimises the balance sheet and risk mitigation.
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Figure1 Integrated mine closure model reflecting a process of review of the current state, an assessment
of all information, stakeholders, obligations and commitments, and development of pathways
to projects five years before closure that create a circular economy for community impact

2.1 Site characterisation and relinquishment requirements

South African legislation, primarily the National Environmental Management Act 1998 (NEMA) (Government
of South Africa 1998) and the Mineral and Petroleum Resources Act 2002 (MPRDA) (Government of South
Africa 2002) require mining companies to set aside financial provisions for, and govern the management of,
remediation and rehabilitation of the environmental impacts incurred during mining operations, as well as
removal of all infrastructure on a mine site (Government of South Africa 1998, 2002). The environmental
management programme (EMPr) and closure/rehabilitation plans are requisite prior to commencement of
mining and detail how environmental impacts will be dealt with and the financial provisions available to
achieve final closure. This should be validated and approved by the Department of Mineral and Petroleum
Resources (DMPR). Obligations imposed by the EMPr are legally binding in terms of the environmental
authorisation granted by the relevant environmental permitting authority, the Department of Forestry,
Fisheries and Environment. Legislation generally requires disturbed areas to be returned to an acceptable
post-mining state as close to its baseline environmental state as possible and could be agricultural, grazing,
wilderness or wetlands, or a combination of these. Rehabilitation needs to be such that that all areas are
stable, and there is not risk of erosion, alien plant invasions are prevented until the site is in a stable state,
and that all areas are free draining and non-polluting.

One of the key challenges facing mines is the ability to return the mined land to an acceptable post-mining
state as soil fertility and conditioning are often problematic and consequently land capability yields are not
achieved. Post mine land use should be carefully considered and evaluated in the current context rather than
the traditional approach. Rehabilitated land may be better utilised for industrial crops or suited to
greenhouses for high revenue generating food crops or energy production rather than below par food
production on marginal land. Demolition or removal of infrastructure on site should be avoided where
possible as there is significant potential in repurposing for alternate non-mining-related ventures linked to
end land use such as, but not limited to, training facilities, offices, storage and workshop areas, in addition
to being a cost saving for the mining company.
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One of the most pertinent issues of post-closure that must be considered in South Africa is that of
groundwater and the potential for uncontrolled discharges of mining-influenced water which can persist for
decades after mining has ceased. Long-term water management of mining-influenced water is associated
with ‘into perpetuity’ expensive treatment to ensure compliance with discharge requirements resulting in
substantial post-closure water liabilities (Botha et al. 2018). Long-term water management post-closure will
preclude a mine from receiving a mine closure certificate and hold it responsible ‘into perpetuity’. Hence a
long-term strategy is required to allow mines to exit responsibly whilst ensuring mining-influenced water
does not become an environmental and social issue.

Ineffective rehabilitation and long-term management of various mining-related waste residues, such as
tailings and discard dumps, also contribute a substantial percentage of environmental risks and potential
residual liabilities in the form of water quality impacts. Long-term mine water management often requires
some form of treatment, whether active or passive and this poses numerous challenges particularly in remote
locations where infrastructure may be limited or completely removed post-closure. Active treatment
solutions are costly options both in terms of capital expenditure as well as operational costs to manage
post-closure water legacies ‘into perpetuity’. They have substantial labour, chemical and maintenance
requirements in addition to long-term waste management challenges because of significant brine and sludge
production. Passive treatment systems can be used to manage mining-influenced water to address and
reduce long-term mine water liabilities in a cost-efficient and sustainable manner by producing
fit-for-purpose water which can be linked to agricultural or industrial cropping projects thereby utilising both
rehabilitated land and mining-influenced water.

Water, whilst often considered a long-term risk and liability, should be considered a resource and as such an
opportunity to create long-term initiatives for communities on a mine site to render the solution self-funding
and truly sustainable.

Fundamental to any opportunity using mining-influenced water as a catalyst for community enterprises is
the development of a defendable calibrated numerical flow and transport model for the simulation of the
post-closure mine water discharge locations, water volumes and quality based on a specific rehabilitation
state. Water volume and quality determine treatment required to achieve fit-for-purpose water qualities as
necessary for final discharge to the catchment, for potable water use or agricultural-industrial application.
Each of these specifications will differ, and regional and technical assessments will inform the decision on
the most cost-effective sustainable options to reduce long-term water liability costs, manage risks and
provide opportunities to drive viable projects.

2.2 Understanding your community and stakeholders

Historically there was no clear legal requirement for the community integration post-closure and the
legislation that does exist was vague, allowing mining companies to determine their own objectives based
on a self-assessment of what they determined to be the right course of action. One of the challenges to
achieving sustainable post-closure solutions is the legacy paternalistic approach the mining sector in South
Africa has in deciding what communities need and applying a band-aid to wounds, implementing solutions
that they have decided on and that hold a stronger public relations impact than they provide a sustainable
level of independence and long-term sustainability. This typically meant that job losses were perpetual and
social disturbance relating to the mining activity disrupted schooling, housing, the small business ecosystem
and basic health services long before the mine moved into its’ official ‘closure’ period.

The need for social development in South Africa, given the locality of mines, is high, and the legislation
requirement was shifted to prescribe specific actions and a scorecard to indicate performance metrics for
social enhancement and ultimately community inclusion throughout the mining lifecycle. However, the
realities remain that the responsibilities and cost centres for various activities sit in silos and therefore
activities are not blended to consider leveraging activities across the multiple streams of mining activities,
supply chain inclusion, community development, employee wellbeing and environmental considerations.
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To develop relevant solutions, the process requires a detailed, phased approach, and included the following
aspects as described below.

2.2.1 Education and engagement

As a first phase of implementation, all the stakeholders were identified to understand their current state,
their own projects, activities, their agenda, their governing structures and size, scale and growth in the area.
This phase of mapping the stakeholders is key to ensuring that the project does not inadvertently exclude
important stakeholders who may later sabotage or slow down the proposed plans.

The stakeholder process is extensive and includes amongst others the community chiefs and traditional
authorities who typically own land tracts around the mining sites and hold power as they are recognised
through the traditional authority sub-group of the South African parliament.

Crime around mining areas is a key consideration and the inclusion of the community policing forums allows
for the criminal aspect to be better understood and planned for accordingly. In most instances, it is not the
mining community but individuals from outside the community that perpetuate theft, and many community
groups are self-policed for this reason. The mines proactively engage with their communities as a reporting
and compliance requirement to the DMPR through existing mining community steering committees.
Local landowners, which may include land claim recipients in the area, as well as farmers who are renting
land from mine and other landowners, could participate in an integrated approach to mine closure, however,
this may require rezoning by the government for alternative purposes. A key requirement is to understand
all businesses operating within a 30 km radius of the mine. Some of these may be co-dependent in some way
on the current mining activity, but may also have plans or initiatives that can be leveraged to optimise scale
and opportunity and avoid duplication. In addition, technology holders who are best in breed suppliers of
alternative technologies or products could be utilised to co-ordinate a network of technology suppliers within
the ‘ecosystem’.

The mining supply chain will, in the long-term, be as impacted as communities and employees. Supply chain
analysis allows for the identification or reassessment of opportunities for development and inclusion of
community-owned businesses and initiatives specifically in areas such as alien invasive clearing and
management and other services that create viable opportunities for small business creation and long-term
scale. Local, provincial and national government hold an integrated development plan which suggests
collaboration with private sector. Engagement with government is thus pivotal to a more strategic, regional
focus that allows projects to achieve scale and avoids duplication.

Understanding the employee groups and working with the human resources team to understand the current
employee demographic, skill levels, age and role definitions is critical to planning for closure. Employees will
fit into three categories on closure — those that exit (retirement), those that are employable in businesses
developed through the integrated plan or those businesses operating within the 30 km radius, and those that
choose self-employment. Building learning pathways to prepare employees for that next phase needs to be
conscious planning and an investment towards closure. Universities and other educational institutions often
hold research and feasibility into various technologies within the area and, in the long-term, the feasibility
phase of each project can provide an important collaboration and investment pool to create legitimacy for
funders, investment specialists and development funding institutions. Last, but not least, the actual
community is surveyed.

This deep dive into household data is the real gamechanger for the project planning. The philosophy is to go
door-to-door, build trust, understand the opportunities, threats and concerns of the community members,
create buy-in to the process and obtain information on health, safety, skills, household earnings, subsistence
businesses and traditional and cultural norms and beliefs (Figure 2).
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= The most important problems that the community believes exist are a Lack of Skills and a severe Lack of Job Opportunities

= |nfrastructure and Electricity rated on the lower end compared to Skills, Jobs, Education and Health problems
= Water & Sanitation structures reveal to be a concern amongst 3% of the households, whilst almost none cited Housing as a problem

Figure2 Key community challenges identified through door-to-door research and community engagement

This data ensures solutions can be built with the community as there is a deep level of understanding of
needs and aspirations (Figure 3).
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Figure 3 Solutions to key community challenges

2.2.2 'Asis’ assessment and research

The assessment included desktop and on-the-ground research with specific focus on soil, land, mapping of
infrastructure, the need for housing, schooling, social infrastructure, the existing projects in the area which
allowed for the development of a master plan for the area that is mine independent. The critical component
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of the solutions design is to ensure that independent communities and ecosystems beyond the life of mine
are created. Each idea is tabled with the right technology partners to determine feasibility, longevity and
commercial viability. Each project is assessed for the jobs that it creates, the environmental impact that is
achieved and/or supported, and, importantly, its ability to make profit and sustain itself as a viable
commercial enterprise. Each initiative is reverse engineered to build a fully-fledged commercial plan that
determines the investment costs, the input materials, accessibility to input, the production lifecycles and
costing matrix and profitability.

2.2.3 Strategy development

The strategy is finalised based on the nexus where social need, environmental excellence, regional
integration with public and private sector strategy, and long-term viability converge. This is presented to all
stakeholders to achieve buy-in and commitment to the process which typically would take a 10-year view on
implementation.

2.2.4 Implementation

The implementation plan for each project is projected down into detailed project plans and includes a
short-term focus on community-based projects, a medium-term focus on projects that require limited
investment and strategic shift, and the longer-term projects which usually require feasibility, multi-party
stakeholder engagement and committed investment modelling and offtake.

2.2.5 Monitoring and evaluation

The ability to track activity versus outcome versus impact is pivotal to project success. The activity is easy,
measuring investment made and the investment purpose. The outcomes focus on jobs created or levels of
community satisfaction. The impact measurement tracks the multiplier effect of economic stability
and growth and household certainty and long-term sustainability, as well as environmental and
rehabilitation goals.

2.3 Alternate business establishment

The establishment of any alternate opportunity is inextricably linked to understanding what is possible on
any given mine site and how this can be coupled to communities’ needs and aspirations, to create regional
functional economic areas.

2.3.1 Business evaluation

Some examples of business evaluation required for optimal masterplan structuring include the assessment
of waste. Coal fines, for example, create a liability on the balance sheet and represent an air pollution risk
and a water liability, as a result of seepage of mine-influenced water. The assessment of coal fines to be
repurposed for roadworks, for pellets for energy utilisation, for recovery of rare earth minerals from the
seepage are all investigated to create a multi-purpose waste to resource business that creates jobs, plays an
active role during mining operations and post mine closure, and concomitantly reduces liabilities for
the mine.

Water solutions such as irrigation with mining-influenced water to produce industrial crops, and
phytoremediation for long-term water management are linked to initiatives such fuel wood biochar
production amongst others. This creates a knowledge centre for the community which includes the
development of a key skill such as water sampling and community-owned water testing facilities for
long-term understanding of water management, as well as active water management solutions into
perpetuity. The mine is able to offset skills development costs, which in South Africa, are suggested at 6% of
the basic taxable payroll, and access match-funding from government to subsidise key water skills in the area.
Treated water, whether passively or actively, can be utilised for agricultural projects that are concurrent to
rehabilitation activities during the operational phase. Agricultural incubators develop skills in this area
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including regenerative farming, and crops for medicinal purposes which respect and sustain traditional and
cultural norms to manage health.

Each of these initiatives are dovetailed behind the budgets for rehabilitation, mine community development
and social labour plans so that they reach the catalytic phase of being funding-ready to achieve scale at the
time of closure.

2.3.2 Collaboration

The extensive depth of stakeholder engagement in the first phase now allows the integration of a mine
closure plan to meet the expectations of local business, local and national government and the community.

The government allocation of budget to projects of national and regional significance allows these projects
to provide an easily accessible implementation path for government funding. The blended approach of
forward-planning, multi-party collaboration and design with the stakeholder expectations and need in mind,
means that approvals, execution and mobilisation of collaborative partners is not held up by extensive
consultation and mediation and now moves easily into execution.

2.3.3  Funding (show me the money)

A mine holds significant budget for these initiatives when closure is addressed as part of the core strategy.
Several sources of funding exist, such as the liability funds that are held on balance sheet for future
rehabilitation and water management. The social labour plan activities will cost approximately 5% of nett
profit after tax over an average 25-year active mining cycle which could be substantially more in certain
commodities. The operating efficiencies created by just-in-time supply chain principles that are leveraged by
developing community suppliers, and the economies of scale achieved by looking at a mine as an ecosystem
to utilise waste for purpose, all create revenue streams, expenditure offsets or investment opportunities.

Mine community ownership trusts are currently used as charitable structures to provide donation or support
to community groups. The dividends earned by these structures (and a shift in thinking to see them as an
investment partner to catalyse growth for community-owned investment funds that realise a return on
investment) has not been adequately investigated. Some of these funds hold hundreds of millions of South
African rands which could simplistically purely be security for lending for projects that post-feasibility need
to achieve scale.

Localisation of key products and equipment requires a long-term view, investment and prioritisation with
investment from the government, a key catalyser for change. However, this relies on feasibility, demand, the
right level of research and development, all of which are tax deductible expenses in South Africa and
ultimately a commitment to offtake.

A blended approach to social and environmental projects is value-accretive and the realisation that there are
viable financial models to achieve long-term sustainable development in a way that reduces operating
expenses and leverages current budgets and expenditure, however, is not realised unless the planning for
closure commences early on in the mining lifecycle.

3 Conclusion

If legislative requirements, operating excellence, and environmental and social needs are truly blended, then
planning for closure becomes a commercial imperative, and not a post-closure consideration. The meaningful
impact that mines can have on the development of integrated ecosystems that are water, waste, land and
infrastructure repurposed to create viable, empowered communities that are developed over the extended
mining lifecycle to manage their own economic, social and developmental needs means that mining can leave
a positive legacy.

This is discussed, it is legislated, it is regulated, and it is tabled as a strategy, but the development of this
model shows how this can be achieved practically. It does not work with an altruistic post-closure negotiation
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as a function of mitigation of risk. it needs to be seen as a commercial driver and ethos that shows
understanding of the role that mines need to play in planning for each nation’s future whilst they hold the
nation’s natural resources.
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