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PREAMBLE
PREAMBLE
“The environment is held in public trust for the people, the beneficial use of environmental resources
must serve the public interest and the environment must be protected as the people's common heritage.”
(The National Environmental Management Act, 1998)

“It is thus important that South Africa maximises the value to society from the production and use of coal
while at the same time minimising any negative impacts”.
(The South African Coal Road Map, 2013, p.26)

“Our research and teaching needs to be solutions-focused, in that it is guided by the future. Linked to this
is the systems approach in which we apply our ability to view and present problems from different
aspects and different parts of the ‘system’. … In the current climate, the future for South Africa’s mining
industry is uncertain. It is at a cross roads. If we get to grips with the current situation and put in place a
robust plan of action, we can paint a picture of a thriving transformed industry, safer workplaces with
more higher-skilled well-paid workers, more mechanization and automation, strong linkages upstream,
sidestream and downstream to drive successful economic clusters, benefits equitably shared, local
communities proud to host mining companies in their areas, regulations implemented transparently, and
local and international investors attracted to South Africa …. If we are going to bring about a more
sustainable future, we know we are going to have to get everyone to think differently about our roles and
responsibilities, and to reframe how we see the world and our priorities.”
(Caroline Digby, Director, Wits Centre for Sustainability
in Mining and Industry, in Mining Mirror, October 2014)

“We believe in the power of people and their ability to explore and shift boundaries.”
(Exxaro 2013 Integrated Report, p.10)

4

Acknowledgements
ACKNOWLEDGEMENTS
This study was undertaken by the Rhodes University Environmental Learning Research Centre (ELRC). The
lead researcher was Dr Eureta Rosenberg, an associate of the ELRC. Dr Rosenberg would like to
acknowledge and thank the following parties:

The other members of the research team, comprising of
Prof Heila Lotz-Sisitka, Murray and Roberts Chair of Environmental Education at the ELRC
Dr Mucha Togo, UNISA
Ms Presha Ramsarup, Rhodes University graduate
Mr Andani Mphinyane, Rhodes University graduate

Colleagues at the MQA, for facilitating the study:
Mr Tebogo Mmotla, Chief Operating Officer
Mr Francis Lamola, Acting Skills Development Manager
Ms Vuyo Mofu, Research Specialist
Mr Sizwe Dlamini, Research Administrator

Members of the MQA’s Skills Research and Planning (SRP) Committee and Labour representatives

The staff of a coal mine in Mpumalanga, and respondents from various role players in Mining,
Environment and Education, for generously providing their insights and data for the research, and
comments on the draft report.

Cover photo credit: SUSTAIN, Extractive Industries Issue, International Finance Corporation (IFC)
http://sustainbusiness.org/home/extractives/

5

EXECUTIVE SUMMARY
EXECUTIVE SUMMARY
This study was undertaken by Rhodes University Environmental Learning Research Centre (ELRC) at the
request of the Mining Qualifications Authority (MQA). The aims are two-fold: to guide the MQA in the
supply of environmental skills to the Mining and Minerals Sector (MMS), and to provide it with a research
methodology that can be adapted for future studies. The specific objectives are to establish:
What are the essential ‘green skills’ within the mining value chain?
What green skills are considered scarce?
How does this knowledge influence career-pathing?
What are green skills supply pipelines and challenges?

The focus of the case study is on Coal, but in many instances the findings can be extended to other
commodities (see Table 1). The report summarises the findings of an initial study of limited scope. The
findings will feed into the MQA’s Sector Skills Plan in June 2015, and would ideally be extended by
further green skills research, both in coal, and in other commodities (see Recommendations).
The research methodology encompassed a review of literature including policy guidelines and research
reports on mining, coal mining, and related environmental considerations. Recently published coal and
energy related skills analyses were particularly useful. Interviews were conducted with a small selection
of informants in Mining and Environment and relevant public presentations were reviewed (see Appendix
A). A site visit to a coal mine was undertaken, where interviews were conducted with mine management,
human resource management, environmental staff, health and safety staff, trainers and students.
Educational and occupational data were collected from various sources including some employers and a
limited number of educational providers provided explanatory information. The MQA COO and staff and
its Strategy and Research Planning (SRP) Committee including staff from the Chamber of Mines of South
Africa supported the study with funding and guidelines, and facilitated access to information.
These data sources provided insight across levels in the system: from a macro-level analysis of broad
social, policy and economic trends, to a micro-level perspective on how environment-related work and
associated training play out in on-the-ground contexts.
Building on the traditional idea of a value chain, the study identified a system (rather than a chain) of
value creation processes essential for mining, with integrated environmental management processes to
work towards environmental sustainability and social justice. The value creation processes for mining
range from the core business of research, exploration and development; construction and production
(mining); to processing; (concurrent) rehabilitation and closure; and attendant activities like governance;
regulation and enforcement; water, energy and waste management; logistics (specifically transportation);
financing and investment; reporting; supply chain management, human resource management and
training; as well as the sideways value chains of beneficiation (such as the production of energy and
liquid fuels) and local and regional socio-economic development.
In all these activities, green skills are needed. They are needed both as specialist skills or occupations
(such as environmental management) and as additional understanding and competence within
traditional mine occupations (such as site managers). Mining companies source in or employ specialist
environmental skills, and they prefer specialists who understand the specifics of the mining context of
environmental management. This combination of skills is scarce, as is the ability to plan in an integrated
manner across systems including water, energy, mining, transport and community development.
6

Within its limited scope, this study found that investment in the following skills would be strategic:

T ABLE 1: P RIORITY G REEN S KILLS & P ROPOSED I NTERVENTIONS FOR M INING – S UMMARY
Priority Skills

Related Occupations & OFO
Codes

Relevance

Recommended
Interventions & Potential
Providers

1. Regulatory skills for
the effective use of the
One Environment
system and online
application system in
the DMR, including
ability to review and
inspect compliance
and accurate costing of
compliance; supported
with general
environmental
knowledge, awareness
and understanding of
bio-physical systems

Regulatory government
officials in Department of
Minerals and Resources,
including regional Mine
Environmental
Management (MEM)
Officials, Mines inspectors
OFO Minor Group (335)
including Environmental
Practices Inspector
(335906)

All
Commodities

Training interventions to
include connected short
courses and extensive
programme of workplacebased training
(mentoring, support to
extend networks,
resources on which to
draw)

2. Regulatory skills for
water use licensing,
demand determination
including predictive
modeling, catchment
planning and
management, and
enforcement

Water Use Officers in DWS

Wits; UP; NWU, University
of Venda, NMMU and
others

OFO 325707; including
325701
Environmental scientists
OFO 134901; 213302;
213304, 213102

OFO Minor Group (335)

All
Commodities

Environmental Scientists
and Environmental
Managers incl. Catchment
Managers OFO 134901;
213302; 213304, 213102

Rhodes University, NWU
University of Venda,
Rhodes University and
others

NGOs and consulting
firms e.g. GroundTruth

Hydrologists, Geohydrologists and Hydrogeologists OFO: 134901;
213302; 213304; 211401
3. Research and
adaptive management
skills in advanced coal
mine rehabilitation,
remediation and
restoration, including a
focus on water; ability
to work in and manage
multi-functional teams
in order to design,
resource, implement,

Chemical and waste /
process engineers,
environmental engineers
OFO 214301, 214502
Hydrologists, Geohydrologists and Hydrogeologists OFO: 134901;
213302; 213304; 211401
Earth and soil scientists

Coal Specific

University of Venda, UP,
NMMU, Wits School of
GeoSciences; NWU Centre
for Restoration Ecology;
Council for Geo-sciences,
Mintek, Agricultural
Research Council
UP and UCT have
programmes in Resource
Economics; most
7

monitor and improve
these processes.
Requires processes
and techniques beyond
backfilling and
seeding; advances in
technical know-how
and ability to innovate;
ability to determine
and unlock economic
resources required

OFO 213304

universities and
universities of technology
including Cape Peninsula
University of Technology
and Tshwane University of
Technology offer
environmental
management and
conservation degrees and
diplomas

Environmental engineers
OFO 214301
Environmental engineering
technician OFO 311906
Environmental impact and
restoration analysis
OFO 214302
Environmental managers
OFO 213302
Environmental Scientists
OFO 213302

Durban University of
Technology and CPUT
among others offer
diplomas and degrees in
Horticulture

Brownfield redevelopment
specialists
OFO 213308

Also consider private
providers, consulting
firms and NGOs (may
require new qualifications
/ specialism in
Environmental Practices)

Soil scientists, land
degradation analysts
OFO 213304
Technicians OFO 3119
Chemical engineering
technicians OFO 311601
Mining technicians, mine
analysts and mine planners
OFO 311701
Coal miners/workers
OFO 312102 and monitors
Botanists OFO 213106
Landscapers and landscape
gardeners, horticulturalists
OFO 216201, 611302,
611304
Project and team
managers, planners OFO
121905, 216401
Environmental economists
OFO 263101
Social entrepreneurs,
development planners and
community engagement
facilitators OFO 216401
among others
4. Adaptive management
skills in the planning,

Environmental managers /
management scientists and

Coal Specific

NWU, UP, NMMU, Wits
Centre for Sustainability
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implementation and
adaptation of
environmental
management plans for
coal mining, informed
by a practical and
ethical understanding
of environmental
guidelines for mining
(including the Mining
and Biodiversity
Guideline, DEA et al,
2013)

practitioners (consultants),
environmental impact
assessors, sustainability
managers and advisors
OFO 134901; 213302;
213304, 121909

5. Research and
development
(engineering and
planning) skills in clean
coal production, plant
design and adaptation
for reduced water use
and reduced wastage;
plant design for
available coal grades
to reduce emissions

Chemical, civil and process
engineers and scientists
OFO 214301, 214502

6. Green procurement for
corporate and mine
supplies

Procurement and supply
chain managers
OFO 132401

in Mining and Industry;
University of Venda; short
courses by experienced
consulting firms such as
NCC Environmental
Services and others with
experience in mining
contexts, can also be
considered

Mine/site/project
managers, mine planners
OFO 132201, 132202,
211401, 214601, 311701,
121905, 214301; 214302;
213308
Coal specific

NWU, UP, Wits University,
and others. Refer to the
Fossil Fuel Foundation for
a full list of specialist
R&D competencies

All
commodities,
with some coal
specific
(customised)
components

Consider custom
designing courses with
NGOs or consulting forms
partnering with
universities or private
providers

All
commodities,
with some coal
specific
(customised)
components

Extend the environmental
content of existing SHE
courses (offered UniVen,
training colleges and
private providers, see
Appendix C)

All
commodities

All universities and
selected universities of
technology, various
environment &
development NGOs

Technicians OFO 3119
Chemical engineering
technicians OFO 311601
Mining technicians, mine
analysts and mine planners
OFO 311701

Sustainability managers
and advisors; OFO 132401
7. Understanding broader
environmental issues
and safety and
sustainability practices
for mine workers and
communities in a local
context; training skills

Health & Safety Managers
and SHEQ Practitioners OFO
121206, 226302

8. Sustainable
development planning
and facilitation skills

Planners (including in local
government), development
specialists, social scientists,
environmental scientists,
cross-disciplinary
specialists, SHEQ officers,
community engagement
officers / process
facilitators with

Trade Union representatives
OFO 111402
In a 2nd phase, health and
safety representatives and
mine workers, OFO 312102
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environmental competence
9. Industry leadership
development through
trans-disciplinary
understanding of both
ethical and practical
dimensions of
environmental
practices to reduce
mining impacts on
environment and
community, and how to
govern and lead
successfully across
sectors

Mine managers OFO
132201
Government (national,
provincial and local
government) Senior
Managers and Industry
Executives/Senior
Management (CEO, COO,
Division Managers) in NGOs
and Industry; Union leaders
OFO Unit Group 1121 and
121909
Environmental attorneys
OFO 261101

All
commodities

Social learning in crossdisciplinary groups
including industry, lab our,
government and
environmentalists,
learning to resolve reallife issues through
dialogues linked to short
courses, discussion
groups, task teams
involved in collaborative
action-reflection
Wits Centre for
Sustainability in Mining
and Industry, Graduate
School of Business at
University of Cape Town,
and others

The greatest employment creation potential, which can off-set job losses, lie in the rehabilitation of
thousands of abandoned, derelict and ownerless mines in the country, along with concurrent
rehabilitation on active mines. Should adequate funds be mobilised for this work, it would create
extensive employment and increase the demand for skills, from research and development skills, to
adaptive rehabilitation management, supervision, and workers with entry-level skills.
A summary of the recommendations based on the findings of the study follows:
1. Support the new integrated environmental regulatory capability in the Department of Mineral
Resources (Scarce skill: Regulation of mine development, planning and operations including
rehabilitation). Ensure that regulators have the capacity to use systems effectively and the
competency and resources to make informed decisions across a full range of considerations, from
the adequate costing of mining operations and rehabilitation, to the application of environmental
guidelines. Consider that support would ideally involve not only short (top-up) courses but also the
establishment of networks/communities of practice, as outlined in Table 13.
2. Support the Department of Water and Sanitation in strengthening the capacity of its regulatory
function with regards to mining, with a range of skills from demand determination and catchment
management to regulatory roles in the approval and enforcement of water use licenses. Consider
that support would ideally involve not only short (top-up) courses but also the establishment of
networks/communities of practice, as outlined in Table 13. (Possible additional partner: Energy and
Water SETA). (Scarce skill: Regulation of mine development, planning and operations including
rehabilitation)
3. Partner with universities, industry including Eskom, the Fossil Fuel Foundation, Mintek, SANEDI, DST
and the NRF to complement their funding for cleaner production research in clean coal technology
and processes including new technology for treating discarded coal fines; in energy, water and coal
efficient technologies and processes as identified by ASSAF (2014a), and in the effective
remediation of the impacts of coal mining on air, soil and water quality, including acid mine
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drainage. (Scarce skill: Research and development in clean coal, energy and water efficient mining
technology)
4. Engage the Council for Geosciences, MINTEK, DMR, Treasury and others to explore the best ways to
develop technical, social and economic research and development skills in advanced mine
rehabilitation, remediation and reclamation and the possibility of upscaling current efforts in order to
employ green skills on a much greater scale than is currently the case. Once employment demand is
secured, invest in a large scale rehabilitation training programme for all skills levels, with particular
emphasis on stakeholder engagement, project management and workers at risk of retrenchment.
5. Fund the development of a cadre of integrated sustainable development planners to work with
and/or within mining companies, local government and mining communities, to formulate integrated
development plans for sustainable development during and post-mining; include rehabilitation and
remediation, stakeholder engagement, environmental understanding and green economy skills.
6. Develop and promote short courses in Mining & Environment for SHE staff and (in a second stage) all
workers, to strengthen the environmental component of induction courses; support SHE staff with the
development of communities-of-practice networks for continuous professional development, and
include a ‘training of trainers’ component. This may be linked to (5) above.
7. Develop and promote Green Procurement for Mining Courses in face-to-face format and online
platforms for procurement staff and sustainability managers from head offices to mines.
8. Promote existing short courses and cross-sectoral working groups to advance the adaptive
management skills of environmental managements on mines and in consultancies, in the planning,
implementation and adaptation of environmental management plans for mining, informed by a
practical and ethical understanding of the existing environmental guidelines for mining
9. To promote green leadership for the sector, promote and where necessary extend existing
opportunities for senior executives in Government, Labour, Civil Society and Industry to dialogue, see
each others’ perspectives and learn together how to tackle the institutional challenges of reducing
the environmental impact of coal mining, and provide the leadership to transform practices at all
levels.
10. It is recommended that the MQA works with other SETAs (LGSETA, EWSETA and PSETA to consider),
the National Environmental Skills Planning Forum, and the Green Fund’s Green Skills project, to
extend this study. A useful next step would be to determine an appropriate industry standard for
green skills for mining, i.e. the number of regulatory, management and implementation staff
required at key levels, to adequately fulfil the required functions, at head office, big mine and small
mine scales.
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INTRODUCTION
INTRODUCTION
RATIONALE FOR THE STUDY
As early as 1995, the White Paper on Education and Training (Department of Education, 1995) called for
the integration of environmental education at all levels of education and training. This policy guideline
responded to South Africans’ Constitutional right to an environment that is not detrimental to health and
well-being; to have the environment protected, for the benefit of present and future generations, through
reasonable legislative and other measures that prevent pollution and ecological degradation, promote
conservation, and secure ecologically sustainable development and use of natural resources (Section 24
of the Constitution of the Republic of South Africa, 1996).
In 2011, the third National Skills Development Strategy (NSDS III, DHET, 2011, p.25) described skills to
support the green economy as a national priority. The National Development Plan (NPC, 2011, p.181)
confirmed that environmental education and training for the workforce is vital if South Africa is to
achieve the sustainable growth path with a reduced carbon footprint outlined in the Plan. The Green
Economy Accord (EDD, 2011) aims to create a minimum of 300,000 jobs through transitioning to a
‘greener’ economy, by 2020. Historically, environmental protection was seen to be in opposition to job
creation, so the goal of creating work while reducing carbon emissions and safeguarding the environment
represents a critical shift in South Africa.
To be able to achieve the employment benefits of a greener economy, a better understanding of the
demand for and supply of environmental skills is critical. However, the work informing the National
Environmental Skills Plan (DEA, 2010) showed that environmental skills planning in South Africa has
been ad hoc, reactive and inadequate. Compared to our relatively sound environmental policies, our skills
policies for greening lag behind those of a number of other countries, according to the ILO (figure 1).

F IG 1. COUNTRIES ’ ENVIRONMENTAL POLICIES VS ENVIRONMENTAL SKILLS POLICIES (ILO, 2011 A )
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It is to address this situation, and in response to the directive of the National Skills Development Strategy
(NSDS III) that SETAs should establish credible mechanisms for skills planning, and regard green skills as
a national priority, that the MQA initiated this study. The objectives are to determine:
what the green skills needs are within the mining value chain
which of these green skills are scarce
what the green skills supply pipelines and challenges are, and
how this influences career pathing.
By contributing a research methodology and framework that the MQA (and others) can possibly use in
future, this study also aims to contribute to more coordinated efforts in this regard.
Coal was chosen as the commodity to study, because:
It is the major primary energy source for South Africa. More than 90% of the country’s electricity,
approximately 30% of the liquid fuel, and an estimated 77% of its total energy needs are met from
coal, and indications are that it will remain the base resource of the country’s energy mix for at least
the next 15 years, even if this mix becomes more diverse.
Coal mining and related activities have significant impacts on biodiversity and ecosystem services
(e.g. delivery of potable water for residential and agricultural purposes); they cause often large scale
and potentially irreversible habitat loss, including in areas providing strategic water resource areas
(see http://bgis.sanbi.org/NFEPA/SWSAmap.asp). Deteriorating land and water quality in turn impacts
other development options including agriculture and tourism, and human health. These impacts are
concentrated and potentially expanding; for example 61% of Mpumalanga province were under
mining or mining rights or prospecting applications in 2014 (Mpumalanga Parks and Tourism
Authority data).
There is concern over the level of South Africa’s greenhouse gas emissions and the National
Development Plan refers to the transition required within coal mining in order to direct South Africa
on a clean development path. Coal-based energy makes up 80% of South Africa’s greenhouse gas
emissions which are very high compared to other coal-based economies at a comparative stage of
their development. When partners in the coal industry conducted strategic planning (South African
Coal Road Map, SACRM, 2013), the two drivers they chose to predict future scenarios for coal were
the global climate change response and South Africa’s associated mitigation response.
The changes required in coal production and consumption may shed jobs, or they may create jobs. If
they are to create new jobs, or re-shape existing jobs in order to maintain or expand employment,
information about green skills needs in coal mining is vitally important.
A number of bigger coal companies are building up a track record of reporting environmental
challenges and responses and are investing in related skills development (e.g. university research
and training chairs linked to sustainability).

OVERVIEW OF THE INDUSTRY
South Africa's coal is obtained from collieries that range from among the largest in the world to smallscale producers. In the past decade new entrants, mostly black economic empowerment companies,
have increased the number of operating collieries to more than 60. Just over half of South African coal
mining is done underground and the rest by open-cast methods.
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The industry is however still dominated by five companies that account for over 80% of saleable coal
production in South Africa (Eberhard, 2011). These are:
Ingwe Collieries, a BHP Billiton subsidiary;
Anglo-American Thermal Coal;
Sasol Mining;
Exxaro Coal; and
Xstrata.
Most of the current production is concentrated in large mines, with 11 mines accounting for 70% of the
output. The majority of the coal reserves (estimates range from 60% to 70%) and mines are in the
Central Basin which includes the Witbank/Emalahleni, Highveld and Ermelo coalfields.
A large proportion of exports come from the Witbank coalfield. Much is exported as steam coal. Witbank
also produces metallurgical coal. Many of the new mining licenses for small, new mining companies (also
known as ‘junior miners’) have been granted in this coal field. Some of these junior miners produce runof-mine and sell to traders who organise washing and exports. The Ermelo field has more broken seams
and much of the coal is not export quality, although a portion is exported. Mining on the Highveld supplies
Sasol’s petrochemical plants. The Vereeniging-Sasolburg coalfield has two steam coal mines, both with
the lowest coal quality in the country.
The KwaZulu-Natal coal field has only four small mines, producing anthracite. Here previously operating
mines, including some producers of hard coking coal, have mostly closed down.
Coal production in the Central Basin is likely to peak in the next decade (SACRM, 2013). The Waterberg
coalfield is the focus of recent exploration efforts and could become a major coal mining center in the
future, subject to infrastructure and water constraints. The Waterberg has an estimated 30-40% of South
Africa’s coal reserves. It currently produces mainly washed steam coals and small quantities of coking
and metallurgical coals. Production in this area is said to double in the next 5 years. Other coalfields in
the Limpopo Province are also being explored, with a focus on coking coal.
About 21 % of the run-of-mine coal produced is exported, and 21 % is used locally (excluding powerstation coal). What is not saleable is discarded. The beneficiation of coal, particularly for export, results
in more than 65 million tons of coal discards being produced every year. South Africa's coal production
supplies the following local industries:
62% is used for electricity generation;
23% for the manufacturing of liquid fuels and other chemicals (Sasol);
8% for general industry;
4% for the metallurgical industry (Mittal); and
4% is purchased by merchants and sold locally or exported.
Eskom ranks first in the world as a steam coal user and seventh as an electricity generator. Sasol is the
largest coal-to-chemicals producer in the world.
By international standards, South Africa's coal deposits are relatively shallow with thick seams, which
make them easier and, usually, cheaper to mine. A Department of Energy fact sheet on coal reports that,
at the present production rate, there should be more than 50 years of coal supply left. Others estimate
that there may be more than 500 years of coal left (Africa Mining IQ). However, the focus of mining will
almost certainly need to shift from the Central Basis to the Waterberg, as the Central resources are being
depleted, and water is a constraining factor in the Waterberg. According to the SACRM, environmental
constraints (such as climate change and water shortages) will more than likely lead to total coal-fired
generating capacity peaking soon after 2020. Until then, production is likely to become more expensive,
unless and perhaps even if more efficient mining and power generation methods are developed.
14

While the current market is “fluid” (Exxaro, 2014), indications are that in the medium term, coal-fired
power will continue to play a core role in South Africa’s energy mix, even if this mix diversifies to more
gas, renewables and nuclear sources. Whether coal will have a role or not in a low carbon future is likely
to be dependent on successful greenhouse gas mitigation measures, particularly increased combustion
efficiency and possibly the implementation of Carbon Capture and Storage (CCS), as well as measures to
mitigate the other negative environmental impacts associated with coal-fired power.
The SACRM notes that, even if the world and South Africa do not transition to a low carbon future, there
are local environmental and energy benefits to improving the efficiency of coal utilisation. To ensure that
value from coal is delivered in such a way as to maximise benefit while minimising impact on the
environment, various longer-term options need to be explored (2013, p.29).

Map showing concentrated nature of coal mines in Mpumalanga
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RESEARCH METHODOLOGY
RESEARCH METHODOLOGY
INTRODUCTION
The core research methodology is that of a value chain analysis (Herr and Muzira, 2009), as a means to
identify and map out green skills required in the mining sector. This is a small-scale study and the
determination of demand as well as supply challenges was qualitative rather than quantitative. Multiple
data methods and data sources were nonetheless utilized to get as comprehensive and nuanced a
picture as possible.
These data sources provided insight across levels in the system: from a macro-level analysis of broad
social, policy and economic trends, and a meso-level focus on drivers in the coal industry, to a micro-level
perspective on how environment-related work and associated training plays out in the on-the-ground
context of one mine, and individual’s study and career paths. While most green skills studies only focus
on one or two of these levels, because of time and resource constraints (ILO, 2011b) observations in
initial green skills research conducted by Rhodes University suggest that an analysis of the linkages and
interplay between macro-, meso- and micro-levels are important for understanding the supply and
demand of environmental skills, in sometimes fluid and fast-moving contexts.
While the study focused on coal mining, it was undertaken with a view to informing all mining
commodities.
The MQA COO and staff supported the study with funding and guidelines, and facilitated access to
information. The MQA’s Strategy and Research Planning (SRP) Committee including members from the
Chamber of Mines of South Africa and the National Union of Mineworkers also provided support. Key
sources within government, civil society and training institutions made extensive contributions reflecting
the importance that many parties ascribe to this topic.

DEFINITIONS
The Department of Labour and the Sector Education and Training Authorities (SETAs) use the term ‘skills’
to refer both to occupations (such as an Environmental Control Officer or a Mine Manager) and to the
competencies that individuals in occupations require. For example top-up skills both Mine Managers and
Environmental Control Officers might require could be the ability to apply new regulations. The latter
skills are understood to refer not only to qualifications, but also to experience and associated
competence. Skills are not simply narrowly the ability to do something, but involve knowledge,
understanding and insight (foundational, practical and reflexive competence). Values and attitudes are
also important considerations.
Given this dual use of the term skills there is often uncertainty when we hear that skills are ‘scarce’. Does
it mean that companies or organisations do not have enough people doing a particular job, or that people
are filling positions but not fully competent to do the job? A useful distinction is made by Vienings, 2014,
in the Water Sector Skills Gap Analysis, where she uses the term capacity in the context of the number of
staff per job title within an institution, and skill to refer to the ability of an individual.
The determination of green skills requirements need to include both occupations focused on
environmental tasks (‘green occupations’), and associated skills, and top-up or integrated skills that form
part of other, more general, occupations (‘greening’ of occupations). While some role players (such as
COSATU) prefer to steer away from terms like ‘green economy’ because of the possibility that ‘greening’
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might simply be a superficial and sideline activity, Rhodes University’s work on ‘green skills’ assume that
‘greening’ of economies and occupations need to be deeply transformative of mainstream activities.
Green skills were seen as those jobs and competencies required in a workforce to help the society and
economy shift and transform towards greater environmental justice and sustainability, through greater
environmental health, energy and resource efficiency, and protection of ecosystems. They are thus those
jobs and competencies, including competencies in general jobs, that involve environment-related work
across a spectrum of environment related activities, which could affect water, soil, air quality,
biodiversity, waste or energy management, as well as the associated social, organisational and economic
work required.

IDENTIFYING THE DRIVERS FOR GREEN SKILLS IN MINING
The method used to identify green skills drivers was an adaptation of a standard PESTEL analysis done
for strategic organisational or business planning, using these data sources:
Literature including a variety of reports and research papers
Other strategic analyses, e.g. the SACRM (2011 and 2013), and national and international guidelines
Sustainability and integrated reports from one mining company
A small number of presentations in the public domain, e.g. public statements by politicians
Interviews were not used primarily for this purpose, but they did often confirm or nuanced
observations from the other data sources.
There is a considerable body of work on Mining and on Mining and the Environment. An initial scan
indicated that, in order to be useful, a contextual analysis to identify drivers for green skills in mining,
needed to focus on one particular commodity. Once the commodity was chosen, the literature on coal
mining was reviewed and the analysis of the coal mining context undertaken in the following categories:
Socio-economic considerations (including aspects of history that still have a strong influence today)
Policy and legal considerations, including the various mining and environmental laws that apply
Technological drivers, and
Environmental considerations – generally and in relation to climate change, air quality and worker
health, water, waste and biodiversity.

IDENTIFYING DEMAND FOR GREEN SKILLS
Overlapping with the above was the next step, namely to draw up a value chain for coal mining, to
identify the functions, processes and activities that form an essential part of the mining enterprise, in
order to determine which of these involved or should involve ‘green skills’..
It became evident that the coal value chain, with all its upstream, downstream and side-stream
connecting systems (e.g. into energy or petrochemicals), represents more of a web of connected
processes than a single chain. This interconnectedness will be important for a more advanced layer of
green skills analysis. In the current study, we could do little more than scope out which of the areas in the
extended value web would be a focus for the study. We concluded that it was important to identify green
skills across functions, however, as they would mutually reinforce each other (or conversely, thwart each
other) in an industry with a long history of co-evolution with other sectors (such as energy) as well as a
history of negative environmental impacts and therefore the need to change at all levels and in all areas
of work. Tables 4-10 illustrate the pervasive nature of green skills needs across the coal value web.
Identifying the green skills required across the value web was based on the following data sources (for a
list of interviews, please refer to Appendix A):
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Interviews and email consultations with regulatory bodies (the Departments of Mineral Resources,
Water and Sanitation, and Environmental Affairs).
Interviews, face to face and email consultations with environmentalists, researchers and educators
with expertise in mining
A site visit to a coal mine in Mpumalanga and interviews with staff (most of whom had more than
one job), as follows:
o The Mine manager
o The Project (and Site) Manager (also the Geologist and Environmental Manager)
o The Human Resource Manager (also the Acting Safety Officer and Stores Manager as well as
Skills Facilitator)
o Environmental student (working on the mine as Stores Clerk)
o The Assistant Health and Safety Officer (also acting as Community Liaison) and
o A Shift Boss with a training role.
A review of documents such as the Mining and Biodiversity Guidelines (DEA et al, 2013), a report on
the State of Energy Research (ASSAF 2014a), and the South African Coal Road Map (2011, 2013)
A review of jobs and job descriptions in coal mining advertised on online list-serves (e.g. Coal Jobs
Alerts from www.indeed.co.za)
Attending and reviewing various presentations including a presentation on environmental functions
in one coal company
Reviewing case studies conducted by other researchers, notably research commissioned by the
National Union of Mineworkers (NUM) and the National Labour and Development Research Institute
(NALEDI) on climate change, involving focus groups with workers at two coal mines (Holmes, 2013).
Using multiple data sources was important, for a number of reasons:
At various points in the value chain, demands differ. While a large company at head office level
employs specialist environmental skills, at a mine owned by a smaller company, most staff seem to
do upwards of two jobs and there were no permanent environmental specialists on site
Even at one level, opinions on whether there is a demand for certain skills can differ. One
department indicated that they have adequate regulatory skills, while two other sources questioned
the adequacy of the skills in this department, in terms of both capacity/numbers, and competencies.
In a small scale study it is easy to form a skewed view and it is important to find corroboration from
multiple data sources. E.g. the view that environmental lawyers are important green skills for mining
was evident in the identification of litigation risks in company reports, in a company representative’s
presentation, and from interviews with environmentalists.

IDENTIFYING THE SUPPLY PIPELINE AND ASSOCIATED CHALLENGES
Here, too, multiple sources had to be used to overcome limitations of single source data. The analysis of
supply focused on identifying the pipeline of supply in the form of available learning pathways or study
opportunities, and associated challenges. This process started off broadly and became more focused as
the demand priorities became more apparent. The following data sources were consulted through a
number of steps:
Mapping the Pipeline - Search of Existing Databases
The MQA keeps a database on mining learnerships. It lists providers, their contact details and the
qualifications they provide. There was no information on the contents of the learnerships, the purposes
and outcomes, or the learning pathways. An attempt was made to get such information from the training
providers via emails and telephone conversation. Those providers who did respond noted that they do not
offer qualifications with environmental content.
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The MQA does not keep a list of other mining-related qualifications. For this we turned to the National
Learner Records Database (NLRD), which is kept by the South African National Qualifications Authority
(SAQA). Mining and mining-related qualifications and environmental management qualifications were
identified using the following search terms: mining, mine, extraction, geology, geologic, earth sciences;
and environmental management.
To find qualifications with both mining and environmental content, the term ‘environment’ was then
applied as a filter to the found mining and mining related qualifications. Very few mining or mining
related qualifications had ‘environment’ in their titles. The next step therefore involved content analysis
of the descriptions, stated purpose and intended outcomes of each of the mining qualifications,
searching for environment-associated terms like impact, rehabilitation and management.
Thus, we identified qualifications with both mining and environmental content (see Appendix C) and
included the available information on learning levels, providers and learning pathways.
A limited content analysis was also done of a sample of the many Environmental Management
qualifications on the database. Only one Environmental management qualification was found to have
explicit content on mining. A more thorough analysis of course contents and associated research
projects, and/or interviews with programme coordinators, may reveal different results.
Search of University Websites
The NLRD reflects only qualifications registered with SAQA, and short courses offered by universities are
often not registered with SAQA. We were aware (from other research and interviews with stakeholders) of
relevant courses offered e.g. by North West University, University of Pretoria and Wits, that were not
found on the NLRD. A limited search of university websites identified many qualifications with titles that
reflect environmental content, but few with information as to their content and learning pathways. A
number of relevant research institutes were also identified, not all of which were at universities.

Quantifying and Profiling the Supply of Students
We have not included data on the numbers of students entering and successfully completing courses
with mining and environmental content. This would be useful to do in follow-up studies; so as to identify
potential challenges e.g. over-supply, under-supply, or difficulties in completing studies. Gender and racial
profiles of students may also be relevant. National databases such as EMIS (Education Management
Information System kept by the Department of Basic Education) and HEMIS (Higher Education
Management Information System kept by the Department of Higher Education and Training) would be
good starting points.
Exploring Work Place Training
Interviews at the mine were very useful to understand aspects such as human resource development and
management, identification of aptitude and talent, the role of mentors, short courses and on-the-job
training, and the role of mining companies and the MQA in providing bursaries for further studies in
various fields, including environmental qualifications.

Identifying Challenges Associated with the Supply
We called and/or emailed around 10 training providers including the Colliery Training College (CTC),
Artisan Training Institute, ADCORP Technical Training, Anglo American, De Beers Consolidated Mines, the
University of Venda’s School of Environmental Sciences, and the Wits Centre for Sustainability in Mining
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and Industry. The latter two institutions provided additional orientation to the website information on
their training programmes, the students likely to take these courses, and associated challenges.
On skills for clean coal technology related to mining and energy, a useful source of information was the
study on The State of Energy Research in South Africa (ASSAF, 2014a). This recent document covered the
topic in some depth, and included consultations with employers and suppliers of relevant research skills,
which identified associated challenges such as shortages of supervisors, budgets and equipment. We did
not follow up with these training and research institutions, but in follow up studies, it may be important to
do so.
On a limited scale we constructed study and career pathways by conducting interviews with two
graduates and a student. The purpose was to complement the national level overview of pathways by
exploring some of the study pathways followed by individuals, and associated challenges such as the
transitioning from study into work.

Mphinyane and Rosenberg, members of the research team on their field visit
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CONTEXTUAL ANALYSIS
CONTEXTUAL ANALYSIS
1. SCOPE
An initial review of literature on mining and the environment revealed a large body of material, both
international and local, containing often a significant level of detail. It became evident that mining as an
established sector is well documented; that there is a fair body of work on the environmental impacts of
mining and, to a lesser extent, studies on the actions required to reduce this impact, and on associated
skills needs (e.g. ASSAF, 2014a).
The literature also showed that there are significant differences in the value chains of different
commodities (e.g. gold, diamonds, platinum, coal, limestone, iron ore), given the different ways in which
these are mined, processed, beneficiated and used.
The initial review helped us understand how to approach the contextual analysis. To add value to the
field, help us to clarify green skills needs, inform the MQA at a sufficiently specific level, and potentially
serve as an example for future studies, the analysis would need to some extent to be applicable to
mining in general, but mostly commodity-specific.
The contextual analysis we conducted is somewhat similar to the environmental scans or PESTEL
analyses that are used in strategic and business planning to assess market growth or decline, and
opportunities for organisational positioning. Sector Education and Training Authorities often use a
PESTEL analysis to identify key drivers of skills needs in their sector. A PESTEL analysis looks at macro
level political, economic, social, technological, environmental and legal drivers of change in a bound
context.
Our contextual analysis combines social and economic factors, with the addition of a historical note; and
combines policy and legal factors. Although education and training policies are very relevant to the study,
only two general documents are briefly reviewed here. While somewhat more than a scan, the analysis is
not comprehensive or in-depth, given the scope of the drivers it covers.
As the chosen commodity is coal, this contextual analysis focusses on coal mining in South Africa,
although literature important to the mining sector as a whole has also been scanned, as well as some
literature on the beneficiation and use of coal, notably in energy generation. This will be explored further
in the discussion of the coal value chain, in the Findings.

2. SOCIO-ECONOMIC CONSIDERATIONS IN A HISTORICAL CONTEXT
In the Highveld of South Africa, where mines and power stations now dominate the landscape, Africans
once thrived as farmers. In the 19th century, intimate knowledge of the land and highly developed sharecropping systems allowed them initially to out-farm European settlers (Keegan, 1986). The advent of
industrial development, including the first railways, at first gave these African farmers a boon: they were
able to sell their grain on the newly established mines and expansion of the Cape colony created a
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demand for their wool. The benefit was short-lived, however. Europeans with exclusive access to the new
rulers and the technology for mechanization started to out-compete them. Over time deliberate political
and economic schemes robbed them of their advantage and their livelihoods. They were locked into a
spiral of poverty with the introduction of the Land Act of 1913, and in 1953, Verwoerd’s educational
strategy to entrench low skill levels and inequality. From then on, the livelihood options for most Africans
were to either work on other people’s farms, or in other people’s mines.
This low-wage work in turn was a factor in the success of the early economy of South Africa, as the
mining of minerals shaped the country’s development path into the 20th and 21st centuries. It brought
wealth and development on an impressive scale, but neither wealth nor development was evenly
distributed, and few African families were able to work their out of the disadvantage shaped by the
complex of political, economic and educational drivers.
Today, the socio-political landscape is dramatically different in some ways, and similar in others. The ANC
government introduced a Mining Charter aimed at the transformation of the sector, including targets for
ownership by black South Africans and employment equity (DRM, 2004, revised in 2010). The revised
targets are for 26% of all South Africa’s mining asset to be owned by black South Africans, and for 40%
employment targets for black South Africans at all management levels. Companies who do not comply
with the requirements, are not to be granted licenses to mine, or to have existing permissions revoked.
The Mining Charter also introduced a sustainability element, premised on the understanding that the
social license to operate should include attention to the environment, along with workers’ health and
safety. Maintaining a social license to operate is the fourth most significant business risk facing the
mining and metals industry, according to an Ernst and Young report (DEA, 2013).Produced in 2011-2012,
the report indicated that “maintaining a social license to operate” has become a more significant risk
than it was before, and that it can be affected by poor environmental or safety performance.
To address the uneven development of the past that persists into the present, the Mining Charter also
requires mining companies to contribute to socio-economic development for host communities. They are
to do this by cooperating with local government and other stakeholders in the formulation of integrated
development plans for mining communities, with special emphasis on infrastructure development.
Furthermore, the Minerals and Petroleum Resources Act (Act No.28 of 2002) requires holders of mining
rights to submit a Social and Labour Plan (SLP) for approval by the Department of Mineral Resources
(DMR). The SLP should include a local development plan and a human resources development plan.
These would have implications for both general and green skills development.
In 2009, the DMR released a report on the impact of the Mining Charter. The Mining Charter Impact
Assessment Report indicates that the industry had performed poorly on most elements of the Charter. A
summary of the findings is presented in Table 2.
According to the assessment, white men and women continue to dominate top management and
technical positions in South Africa's mining industry, earning more than their black counterparts,
regardless of skill and experience. Significant to this study is the observation that failure to reach
employment equity targets at management levels has been attributed to skills shortages and “a dearth of
skills in the mining industry” (mining analyst Justin Froneman, quoted in Peyper, 2013).
The social impact of the Mining Charter (and the Department of Trade and Industry’s Broad-Based Black
Economic Empowerment Bill, as well as Eskom’s additional requirement for coal suppliers to be 51%
black owned), has been mostly in terms of empowerment ‘deals’, i.e. South African or internationallyowned companies engaging black African individuals as partners or shareholders. This approach has
generally not created comprehensive socio-economic development for the majority of people working in
and living near mines. These people have, with some significant exceptions such as the Bafokeng
community in the North West Province, not yet seen the benefits of the wealth generated by mines, or
the transfer of ownership or shares. Living conditions and an inability to use even employment on the
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mine to rise out of the cycle of poverty has contributed to protracted industrial action (strikes) on
platinum mines during 2012-2013.

T ABLE 2: I MPLEMENTATION OF THE M INING C HARTER (DRM, 2009)
Mining Charter Element Assessed

Summary of DMR’s Key Findings

Human resource development

There is a lack of management support for staff participating in
adult basic education and training (ABET) programmes
Career plans typically focus on developing senior managers to
the exclusion of lower level staff.

Employment equity

Only 37% of companies have developed employment equity
plans.

Historically Disadvantaged South
Africans’ participation in
management

At management level this is at 33% across the industry (mostly
in middle management).

Mine community development

63% of companies engaged in consultation processes with
communities, but there was no evidence of a direct link
between community development projects and the needs of the
affected communities.
49% of companies have participated in the formulation of
integrated development plans (IDP) in mine communities; 14%
extended their IDP participation to labour sending areas.

Housing and living conditions

34% of companies have facilitated employees’ access to home
ownership schemes
29% of companies have offered their employees nutrition or
have established plans to effect improved nutrition

Beneficiation

Beneficiation has taken place only in pockets, and is
uncoordinated

Reporting (monitoring and
evaluation)

37% of companies have audited annual reports, while 11% of
companies submit annual progress reports to the DMR

Ownership and joint ventures

The industry’s stated commitment of R100 billion to facilitate
black ownership represents 5% of the value of the net asset
value of the mining industry, below the agreed 15%
empowerment target
Aggregated BEE ownership of the mining industry has reached
an estimated 9%, against the initial target of 15% [revised to
26%].

The Marikana strikes can be seen as part of a wider ‘culture of protest’ rising in South African society,
reflecting discontent with the quality of life. This is likely to become a driver for change, for better or
worse. The year 2012-2013 featured 757 civil society protests, with the top five grievances being:
service delivery in general; housing; water and sanitation; political representation; and electricity (Social
Change Research Unit, University of Johannesburg). In the light of critical skills shortages and widespread
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mismanagement, government agencies struggle to provide basic services like quality education, health
care, electricity and clean water for all.
Marikana and other strikes in the MMS followed on a period of stagnation and in some cases decline in
South Africa’s mining industry. In the decade 2001-2009, mining globally experienced a boom with a
high demand for metals (Sharma, 2014). South Africa’s mining sector did not benefit from this boom.
While the industry worldwide grew at 5% per annum during 2001-2008, in South Africa its value fell by
1% per year. Mining in South Africa now accounts for only 3% of GDP, down from 14% in the 1980s
(Sharma, 2014). Environmental permits is one of a combination of factors blamed for this decline, along
with other “regulatory red tape” (Baxter, undated) including the need to re-issue permits under new
legislation, as well as production disruptions due to safety shutdowns, and, in the case of coal,
infrastructure challenges, depleting coal resources (with new coal fields more difficult to mine), declining
coal grades and increasing operating costs (Vermeulen, 2013), as well as the absence of a coordinated
strategy for growth (Eberhard, 2011; SACRM, 2013).
In the last decade South Africa’s coal production was constant at around 240 million tons a year.
Infrastructure challenges has played a major role in the absence of growth: the port facility at Richard’s
Bay Coal Terminal was built with a capacity of 91 million tons per year, but in 2012 it only exported 6
million tons, due mainly to an inadequate rail system to move coal from the mines to the port. Current
rail capacity remains below 68 million tons per annum, and actual performance has been even lower
with some costly derailments. Shortages of locomotives, wagons and skills are cited among the
problems. Eberhard (2011, p.1) reports that there is “a lack of planning and investment coordination
between privately owned mines, state-owned rail infrastructure and port capacity”.
These challenges (an associated skills implications) are significant because South Africa currently
exports 25% of its yearly coal output, mostly to Asia, and many believe that there is a considerable
potential to expand coal exports (e.g. Eberhard, 2011). Frost & Sullivan’s minerals and mining research
analyst Yeukayi Kadzere (in Vermeulen, 2013) predicts an increasing demand from the Asian market, in
particular China.
The dominant driver for growth in the coal sector is however coal consumption for energy generation by
State owned Eskom, which accounts for more than half of the coal consumed in South Africa. Eskom
plans to expand capacity at existing and new coal-fired power stations with 17,120 Megawatt by 2018.
Both the Integrated Electricity Plan and the Integrated Resource Plan (DoE, 2010) indicate an expected
growth in coal-generated power production, even as more renewables, oil gas and nuclear energy are to
be phased into the envisaged energy mix (NDP, 2013). Following the announcement of Eskom’s build
programme, mining companies in turn announced their plans to build new coal mines, expand the
existing ones, extend existing shafts, and procure new mining and coal handling equipment. Expenditure
in the coal mining industry is therefore expected to increase from the $5,031 billion that was allocated
for 2009 - 2013, to $8,100 billion during 2014 – 2020 (Vermeulen, 2013).
In addition, metallurgical coal production is expected to increase, from an output of 5 million ton a year in
2011, to 12 million ton a year by 2020 (Kadzere in Vermeulen, 2013). Growth is also expected in the
coal-to-liquids (CTL) value chain. State enterprise Sasol beneficiates low-grade coal to produce synthetic
fuels and a range of other chemicals. Its current two factories have a capacity of 160,000 barrels per day
of oil equivalent. Sasol plans to expand its Secunda plant's capacity by another 30,000 barrels per day
and has also proposed to build the 80,000 barrels per day Mafutha CTL plant. Increases in CTL synthetic
fuels are to meet growing domestic demand for petroleum products and given a rise in the price of
imported oil, this may become a growing driver of demand for coal.
As the above suggests, the coal value web provides considerable employment, both directly in its
operations, from mining to beneficiation, and indirectly through goods and services. Almost 80% of the
direct employment associated with the coal value web is in coal mining itself (SACRM, 2013). In 2010
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the coal industry employed an estimated 74, 000 people and paid R14.1 billion in wages; by 2011 the
number employed had increased to 78,600 (SACRM, 2013).
It is estimated that in the next decade, while South Africa will increase annual coal production by 75
million tons, at some point coal production will stagnate and will not be able to meet the energy demand.
The contention is that this is mainly due to a lack of reinvestment by the main producers, to the extent
that most of the large collieries with an output of 10 million tons per year will are likely to close down, or
their reserves will be near exhaustion, by the year 2020.
Coal production in the Central Basin (the Witbank-Ermelo coal field) is expected to peak in the next
decade as the area is being ‘mined out’. According to the South African Coal Road Map (SACRM, 2013)
employment will start to drop off in this region in the 2020s and 2030s as the mines and power stations
close. The Road Map predicts similar job losses under all envisaged future scenarios – to the order of
20,000 to 30,000 coal mining jobs lost in the Central Basin between 2010 and 2040. It is hoped that
these job losses will be compensated for (although not necessarily for most of the affected individuals
themselves) by employment gains in the new development area in the Waterberg. The SACRM estimates
between 49,000 - 53,000 jobs to be created in coal mining in the Waterberg.
Currently, however, there are significant constraints to the planned development. The Waterberg is
remote from industrial centres. It has one urban centre (Lephalale), a limited water supply and a single
railway line with 3 million ton per annum capacity for coal exports. Furthermore, the coal in the
Waterberg is more inaccessible and likely to be mined only by larger companies with access to extensive
capital and technology. The coal here is also of low quality, with high ash and lower yields. The SACRM
notes that export possibilities from coal deposits in this region will only be economic if further multiproduct mines are developed which supply not only export coal but also large quantities of low-grade coal
for power or CTL production, as well as smaller niche metallurgical product.
Massive investment in expanded rail infrastructure will need to be committed and water constraints will
need to be overcome, including integrated management of competing water demands for mining, power
production, irrigation and human settlements. It becomes evident, therefore, that some of the skills most
relevant to unlocking growth in coal mining might not be only in mining itself, but in research and
development (e.g., finding less water-intensive methods of beneficiating coal), in logistics (running an
effective rail system), in integrated water management, and in coordinated policy development and
implementation. Clearly, ‘green skills’ are relevant to the sustainability of the industry.
The SACRM (2013) indicates that if a Low Carbon development path (outlined in the Green Accord and
National Development Plan) is pursued, there would be fewer new coal mines and coal-fired power
stations as the country shifts towards clean, green energy production; in this scenario it is anticipated
that there would be almost no new direct employment creation in the industry. However, the Coal Road
Map also indicates that if the industry is to continue to contribute to prosperity for South Africa, all
possible future scenarios will require development of alternative sectors of the economy. Some of the
differential in employment between a coal intensive future and a low carbon future would be taken up in
the development of the alternative Green Economy that includes building of renewables and possibly
nuclear (NPC, 2011 and SACRM, 2013). This, too, has significant implications for skills development, as
the development of alternative development paths also requires the development of new skills. Skills
development is critical for ensuring that those likely to lose jobs, are able to access alternative
employment.
The International Labour Organisation (ILO) believes that: “The growth of a green economy presents an
opportunity for the creation of new employment, without sacrificing the quality of employment overall.
Multiple studies support the expectations of between 300,000 – 400,000 new jobs to be created in
green industries [in South Africa] while the only sector where some decline in employment is expected is
in coal mining, driven by a decrease in demand for coal exports rather than changes in domestic
demand” (DHET, 2014, p.132).
25

The ILO (ibid) thus advises that “Coal miners should therefore be targeted and empowered specifically for
transitioning into greener jobs. Also, securing long-term employment in specific sectors like platinum
relies heavily on the ability of South Africa to keep up with, and lead, global development of technology.”
Key insights from this section include:
In the short term jobs in coal mining are likely to be affected by Eskom’s demand for coal for
electricity generation
In the medium to longer term jobs in coal mining are likely to be affected by depleting reserves and
water constraints, as well as a changing mix of electricity generation resources
Skills development needs to address both the shorter term needs, related to making coal mining and
beneficiation less resource and emission intensive, and the medium term need to help employees
transition into greener jobs
Green skills relevant to the mining industry are not likely to all be in mining; they include the running
of an efficient rail system, integrated water resource management, and the planning of sustainable
‘green’ community development initiatives for mining communities, since mining companies have a
shared responsibility for the socio-economic development of such communities.
Mining companies have a responsibility for human resource development which has not always been
effected with vigor across all the employment bands, and a lack of skills in the industry has been
linked to companies not meeting employment equity targets.
While there are differences in predictions as to whether the demand for export coal would grow or not,
the reality is that there are large numbers of mines currently in operation, and large numbers of mining
applications in the pipeline, with several drivers for expansion, some referred to above. The next section
outlines some of the policy and legal frameworks that impact the current and envisaged operations.

3. TECHNOLOGICAL DRIVERS IN THE COAL INDUSTRY
The coal industry today is characterised by a number of technological advancements, both already in
place, or under exploration (see e.g. ASSAF, 2014b). Some new technologies have the potential to reduce
environmental impacts and increase worker safety. Others carry a risk of introducing more or new
environmental impacts. All have direct implications for green skills needs.
While technology is a driver itself, other factors have been driving the exploration and introduction of new
technology in the coal industry. One of them is the changing nature of the available resource, noted
earlier. The coal deposits that have been mined in the past 120 years have been relatively shallow with
thick seams. This has made it easier and less expensive to mine coal in South Africa than in many other
countries and has historically given the industry a competitive advantage. The current decline in South
Africa’s high-quality coal reserves, has resulted in a push by the industry to explore upgraded or new
technologies to mine previously unviable deposits. Along with greater costs and the loss of a competitive
advantage comes the need for greater efficiency in production and to reduce resource use and wastage.
A third driver is the need to reduce environmental impacts during mining and beneficiation. In the South
African Coal Map (SACRM 2013), the global and national responses to climate change were regarded as
the most significant factors in determining which scenarios the industry will follow in future.
According to the SACRM (2013, p.29) new technologies are required in the following areas:
Know-how in thin seam mining (to unlock more of the remaining coal reserves)
Cost- and water-efficient mining and beneficiation, particularly for multi-grade seams, including more
research and development on dry beneficiation technologies
Development and introduction of safer mining techniques
Cost-effective and environmentally acceptable management of the considerable volumes of discard
and spoils
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Development of techniques for agglomeration or briquetting for fines
Advancements in mine rehabilitation in order to better preserve biodiversity.
The binderless coal briquetting technique may be an example of a new ‘green economy’ technology. The
coal wastes can be upgraded into transportable and useable briquettes of significantly higher value,
while reducing environmental impacts, provided the byproducts of making and burning the briquettes
are not more harmful than the discarded coal fines.. South Africa has estimated discarded coal fines
deposits of two billion tons, with mining operations generating about 60 million tons of coal fines each
year (Kadzere, in Vermeulen, 2013).
New technology also enables mine planners to map mines more efficiently, monitor ore bodies, and track
output volumes and productivity more accurately. Dragline operators can now use in-cab displays to see
whether each dig point is above or below plan, in order to move material more accurately and efficiently.
Machine stability data is also available on the display, enabling operators to identify potential problems
and act quickly to prevent failures (Vermeulen, 2013).
In order to extract coal as efficiently as possible, using such new technologies, mining personnel have to
become highly skilled and well trained in the use of complex instruments and equipment. While making
mining safer and more efficient, technology can also reduce job opportunities for unskilled labour. Those
with poor educational backgrounds will remain at a disadvantage unless there is a considerable
investment in upskilling.
In terms of coal use and beneficiation, the drive or the more efficient use of a changing resource base,
and for cleaner production and a reduction in greenhouse gas emissions, has led to a host of clean coal
technologies being explored for coal-based power generation, both internationally and at South African
research institutes. These include:
Ultra-supercritical pulverized coal, which allows for the burning of lower grade coals. Methods to
increase thermal efficiency are a key focus and said to be continuously improved (SACRM, 2013).
Integrated Gasification Combined Cycle, which also offers comparable efficiencies.
Oxy-fuel combustion, in which coal is burned in pure oxygen rather than air, resulting in a relatively
pure stream of CO2 which would be easier to capture for Carbon Capture and Storage.
Desulphurisation of flue gas post-combustion is likely to become a requirement at all power stations;
this process reduces greenhouse gas emissions, but currently requires water. Research and
development is needed on reducing the water usage in the desulphurisation of flue gas.
Fluidised Bed Combustion (FBC) is suited to smaller power stations and can thus be taken up by
Independent Power Producers; modifications like advanced supercritical FBC makes high thermal
efficiencies possible along with the use of low grade coals. The latter creates higher greenhouse gas
emissions, but FBC also allows the in-situ capturing of SO2 which eliminates the need to use water to
desulphurise flue gas. The use of lower quality coal means that coal need not be washed at the mine,
resulting in further water savings and possible pollution reduction. This method could thus be
suitable for water-stressed environments.
Co-firing with biomass may make the use of low-grade coals more efficient, but carries a social and
environmental impact, given that the production of the biomass, may risk water and food security.
Underground coal gasification is being explored for mining currently unviable coal seams. This method is
associated with high environmental risks and research is needed into how to remove the resultant toxins
and avoid water contamination.
The SACRM suggests that these technologies alone will not be sufficient to help South Africa achieve its
low carbon targets, without the addition of Carbon Capture and Storage. CCS is a proposed technology
that is anticipated to reduce CO2 emissions from power stations by as much as 90%. It could do so by
capturing carbon in mineral carbonates (like gypsum), or transporting and injecting it into deep
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underground geological formations for storage. Clean coal technologies that work well with CCS are an
important enabling factor for CCS. Although current information indicates that the costs and energy
needs associated with CCS are appreciable, the technology is still being pursued, for two main reasons.
Firstly, even though it will significantly increase costs above traditional coal-fired electricity infrastructure,
it may still be cost-competitive, especially when compared to nuclear options. Secondly, international
studies show that a global energy mix without CCS will not be able to achieve the desired stabilisation of
greenhouse gas emission levels at 450 ppm (SACRM, 2013, p.31). Government and industry are working
to promote CCS and ensure the necessary skills for the implementation of CCS through the
establishment and work programme of the South African Centre for Carbon Capture and Storage.
The key insight from this section is that there are a number of technological developments across the
coal value web that will require skills development, comprising research and development, mining and
beneficiation.
A report on The State of Energy Research in South Africa, produced by ASSAF with GIZ, SANEDI and
RECORD (ASSAF, 2014a) has further detail on contextual influences, downstream beneficiation of coal
for energy, as well as associated research needs, and professional and technical green skills needs.

4. POLICY AND LEGAL CONTEXT OF MINING AND COAL MINING IN SOUTH AFRICA
The policy and regulatory context that is pertinent to the demand for green skills in mining comprise
national development policies, mining related laws and policies, energy and environmental laws and
policies and human resource development. As there are too many to be reviewed in a study of this scale,
a selection had to be made, and the following have been regarded as particularly relevant:
The National Development Plan (NPC, 2011)
The Mineral and Petroleum Resources Development Act (MPRDA, Act No.28 of 2002)
The White Paper on Education and Training (1995)
The National Skills Development Strategy (NSDS III), 2009
The National Environmental Management Act (Act No.107 of 1998)
The Climate Change Response White Paper (DEA, 2011)
The National Water Act (Act No.36 of 1998).

Many other legal and policy frameworks may be useful to consider in future studies (e.g. energy and
industrial development policies). Some of these other frameworks are noted in other sections of the
review and others such as the Mine Health and Safety Act will be referred to in the Findings.
At the outset a number of features of the policy and legal context should be noted:
National planning for the coal industry is inadequate (SACRM, 2011)
While some environmental policies are highly regarded internationally, policies developed in different
sectors (e.g. energy, mining and environment) at times contradict each other, and may even have
internal inconsistencies, or inconsistencies in application (DEA et al, 2013)
At the same time, government’s capacity to regulate these policies is weak and this is a significant
impediment to both development and environmental protection (NPC, 2011).
These observations have a number of implications for the skills context:
It creates a challenging context in which to deploy and apply environmental skills
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Technical skills alone are unlikely to be adequate, as regulators and practitioners will need to work in
contexts with contradictory demands; negotiation and relational skills as well as strong
understanding of mandate and ethics are likely to be important.
There is a need for skills (or institutional capabilities) to more effectively think systemically (‘whole
system thinking’) among strategists and policy planners (e.g., to take into account water constraints
when formulating new developments). Also,
Skills development is likely to be a significant part of any consideration to increase government’s
capacity to better oversee policy implementation.

THE NATIONAL DEVELOPMENT PLAN
The National Development Plan: Vision for 2013 (NPC, 2011) is not a policy or a legal framework, but it
aims to guide all policy development and to integrate across disparate frameworks. Among its most
significant features for this study, are the following:
It has a strong emphasis on environmental sustainability and states that transitioning to a lowcarbon economy is the only realistic option for the world and South Africa.
It recognises climate change, but also limited water availability and quality, and biodiversity loss, as
issues that affect South Africa’s development potential and the well-being of its people.
It notes that “a shift to a green economy and more sustainable practices should not be seen in
opposition to development, job creation and economic growth. Nor should it be seen as a nice to have
or merely an additional sector of the economy” (p.181)
Mining is recognised as a key industry that will be affected by climate change in two ways: by
physical (natural) resource constraints (like water), and by responses to climate change (such as
sanctions, trade tariffs or carbon taxes, or reduced investment by sustainability-conscious investors).
The NDP also notes that “the transition to a low-carbon, resilient economy requires a capable state to
lead, to enforce the regulation of greenhouse gas emissions, and to respond to the impacts of
climate change” (p.181).
Critical for the mining sector is the following statement in the NDP: “The transition to a low carbon
economy depends on the country’s ability to improve skills in the workforce, at least in the early
phases of the transition” (NPC, p.181).
The NDP calls for improved management of natural resources like water, and cleaner production
technologies. It refers not only to climate change, but to complex interactions between climate, fresh
water systems, biogeochemical loading affecting nitrogen and phosphorus cycles, ocean acidification,
and the destruction of biodiversity, through which our activities may be triggering critical inflection points
and cause the transgression of planetary boundaries.
An important point the Plan makes is that threats to the environment and the challenge of poverty
alleviation are intertwined, and that a response to environmental issues should therefore not be framed
as a choice between economic growth and mitigation of environmental impacts. The plan promotes “low
carbon growth” (p.69) as the only realistic option, given a need to cut carbon emissions. It is hopeful
about “exciting possibilities” in an energy-industrial revolution and pioneers of new models of growth and
development; a new energy architecture which can potentially ensure energy security and at the same
time, a cleaner, safer environment, in which biodiversity is protected.
The NDP is in alignment with the Climate Change Response White Paper (DEA, 2011) which is discussed
in the later section on Environment.
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DEVELOPMENT STRATEGIES FOR COAL
A surprising feature of the coal industry, given how concentrated it is, and how it has in the past coevolved with other sectors, is the lack of a national strategy. Two initiatives will be explored in this regard.
Subsequent to the power crisis in 2008, Eskom assembled a task team of senior and executive
managers in the coal sector in order to develop an emergency plan to restore Eskom’s coal stockpiles.
This led to the major coal companies committing additional allocations to Eskom’s need. Subsequently
Eskom has pursued a number of strategic actions including investment in rail and conveyor coal
transport options (including establishing a working group with Transnet to facilitate rail solutions and a
feasibility study on the Waterberg rail link); strengthening organisational capabilities in Eskom’s primary
energy division.
Eskom has helped convene a Coal Energy Forum, with key government ministries, the mining industry,
unions and Transnet, in order to tackle the development of scenarios of future coal needs, facilitating
approval of coal prospecting and mineral rights, planning of new coal mining investments, accelerating
required investments in rail and road infrastructure, and sourcing of key geological, engineering and
management skills. However, industry participants complain of a lack of government leadership and
progress in these areas (Eberhard, 2011). It is also not clear how this relates to the South African Coal
Roadmap process, another initiative to drive national strategy.
The South African Coal Roadmap process was started to identify the factors that will affect the sector as
well as the best options for future development of the industry. It aims to facilitate policy, planning and
strategy development. The process commenced in 2007, led by a small group of concerned coal industry
leaders. Focal areas include geology (resources, reserves, exploration); coal characterisation and analysis;
mining (handling, storage, environment); beneficiation; technology; economic, social, labour and skill
development issues; infrastructure and logistics; current and new markets; safety, health and
environment; climate change; and local and international policy and regulation (SACRM 2011 and 2013).
The Roadmap is being coordinated by the Fossil Fuel Foundation, an association of stakeholders in the
coal sector, and participation has been growing, with initial concerns around competition (antitrust) law
apparently resolved. The involvement of government is said to have been complicated by the split of the
Department of Minerals and Energy into the DMR and the Department of Energy, each with its own
Minister. Coal prospecting and mining rights are controlled by the DMR without explicit reference to the
broader energy policies and plans being developed by the Department of Energy.
The Roadmap still has to demonstrate that it will lead to integrated policy proposals which will shape
investment decisions and actions that will smooth the development of the coal industry (Eberhard, 2011).
The lack of a single national strategic framework for the coal industry, with support from all key role
players, is a surprise finding. It has implications for green skills development; skills agencies like the MQA
will need to play a role in driving green skills initiatives, and to find ways of linking up with multiple
entities that might have similar interests and concerns, including other Sector Education and Training
Authorities, the Fossil Fuel Foundation, and unions.

THE MINERAL AND PETROLEUM RESOURCES DEVELOPMENT ACT (MPRDA, ACT 28 OF 2002)
Legislative developments affecting the coal sector over the past decade include the efforts to increase
black ownership of and participation in the mining sector, outlined in the earlier socio-economic review.
Black economic empowerment objectives were incorporated in the Minerals and Petroleum Resources
Act (Act No.28 of 2002) which is administered by the DMR. Additionally, and related to these objectives,
there has been a fundamental overhaul of the licensing regime for prospecting and mining. A third
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development has been a new royalty payment regime. These legislative changes have been associated
with bureaucratic delays and uncertainties around prospecting and mining rights, which are said to have
had the combined effect of slowing investment in the sector (Eberhard, 2011).
Codes of Good Practice for the Minerals Industry were gazetted in April 2009, in terms of the MPRDA,
and further define objectives in terms of black ownership, management control, employment equity,
human resource development, preferential procurement, community and rural development,
beneficiation, and housing and living conditions. The Mining Charter has been referred to earlier.
The DMR’s Mineral Regulation Branch grants prospecting and mining rights in terms of the Act and
promotes mineral development as well as black economic empowerment. It is responsible for
coordinating and liaising with national, provincial and local government structures for efficient
governance. It is also tasked with addressing past legacies with regard to derelict and ownerless (D&O)
mines, and enforces legislation regarding mine rehabilitation by means of regulated environmental
management plans (Eberhard, 2011). It may therefore be an important target for and partner in green
skills development for mining.
The MPRDA is the main piece of legislation governing all stages of the mining process in South Africa,
primarily through the granting of regulatory authorisations for mining and mining-related activities. The
Minister of Mineral Resources is the authority responsible for granting any reconnaissance permission,
prospecting right, mining right or mining permit. In practice this authority is often delegated to the
relevant Regional Manager in the DMR.
Mining companies and mines have to comply with South African Constitutional Law and common law by
conducting their activities with due diligence and care for the rights of others. The legal framework
governing this consists of a ‘network’ of legislation (DEA et al., 2013). In addition to the MPRD Act of
2002, there is the Mine Health and Safety Act (Act No. 29 of 1996), the National Water Act (Act No. 36 of
1998) and the National Environmental Management Act (Act No.107 of 1998), among others.
The MPRDA stipulates that:
The principles of the National Environmental Management Act (see below) apply to all mining and
serve as guidelines for the interpretation, administration and implementation of the environmental
requirements of the MPRDA.
The holder of an approval or right must:
o consider, investigate, assess and communicate the impact of his or her prospecting or
mining on the environment
o manage all environmental impacts
o as far as is reasonably practicable, rehabilitate the environment to its natural or
predetermined state, or to a land use which conforms to the generally accepted principle of
sustainable development
o is responsible for environmental damage, pollution or ecological degradation as a result of
reconnaissance, prospecting or mining operations which may occur inside and outside the
boundaries of the areas to which such right, permission or permit relates.
The approval/right may be issued if the Minister is satisfied that it will take place within the
framework of national environmental management policies, norms and standards.

THE NATIONAL WATER ACT 1998 (ACT NO. 36 OF 1998)
The National Water Act has been heralded internationally as one of the most progressive frameworks for
water management in a democracy. Its key features include provisioning for an ecological and a social
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Reserve, whereby government is committed to ensure that water is not extracted to such a point that the
ecological functioning of the freshwater ecosystem is compromised (i.e. enough water needs to remain in
a river after extraction, for it to continue functioning as a river) and downstream communities are
guaranteed a minimum water supply to meet basic needs. Water use licenses should not be issued if this
will compromise the quantity and quality of water available for these ecological and social imperatives.
This principle has in practice put tremendous pressure on government officials responsible for the issuing
of water use licenses, and requires high levels of skills and competence to inform (through research) and
administer the associated law.
The situation is further complicated by another far-reaching principle of the Act, which is to devolve
decisions about water management to stakeholders in governance structures called Catchment
Management Agencies, informed by another layer of structures called Catchment Management Forums.
When a mining company prepares an environmental management plan, impacts on both surface water
and groundwater resources, and impacts on water quality or flow, must be assessed. These impacts must
be evaluated against information on biodiversity priorities, and against the requirements of the Reserve.
This information is required in applications for water use licenses and/or in relation to waste disposal
authorisations (DEA et al., 2014)
Detailed regulations on the use of water for mine-related activities were issued in 1999 under the
framework of the National Water Act. Mine-water regulations (Government Notice No. R.704) are aimed
at ensuring the protection of water resources through restrictions on locality and material, and the
design, construction, maintenance and operation of separate clean and dirty water systems.

NATIONAL ENVIRONMENTAL MANAGEMENT ACT (NEMA, ACT 107 OF 1998) AND RELATED LEGISLATION
NEMA has been given practical value through a number of environmental management regulations
pertaining to various industries including mining. NEMA sets out general environmental management
principles, as well as other Specific Environmental Management Acts (SEMAs), which should guide
decision-making throughout the mining life cycle towards the objective of sustainable development.
Mines are required to develop and gain approval for an Environmental Management Plan (DME, 2008)
before they can be given permission for reconnaissance or prospecting, or a permit to mine. The
regulations contain guidelines, operating procedures and rehabilitation control requirements which are
binding on the permit holder. The need for environmental permits and for the development,
implementation and auditing of Environmental Management Plans is likely to be one of the main skills
drivers at the level of mining operations.
Mining is prohibited in protected areas defined in the National Environmental Management Protected
Areas Act (No. 57 of 2003). One of the most important principles is that disturbance of ecosystems, loss
of biodiversity, pollution and degradation of environment, and of sites that constitute the nation’s cultural
heritage, should be avoided, minimised or as a last option, remedied. This is supported by the National
Environmental Management Biodiversity Act.
Environmental Impact Regulations published in terms of NEMA (Government Notice No. R. 543, drive the
need for applicants for mining licenses (or other developments) to undertake either a Basic Assessment
or Scoping and Environmental Impact Assessment. In some cases both the MPRDA and NEMA require the
identification, assessment and evaluation of impacts, and the determination of appropriate mitigation.
The latter, too, is likely to be a key driver of skills demand for mining.
The mining rights/permit/license holder is liable for any environmental damage, pollution, or ecological
degradation arising from any and all mining-related activities occurring inside or outside the area to
which the permission relates. This liability continues until such time as a closure certificate is issued by
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the Minister of Mineral Resources. (According to the Financial Mail (Seccombe, 2014a), no closure
certificate has been issued in the past 20 years.). Company directors or members of a close corporation
are jointly and individually liable for any unacceptable impact on the environment, regardless of whether
it was caused intentionally or through negligence. The National Water Act and NEMA both oblige any
person to take all reasonable measures to prevent pollution or degradation.
The National Heritage Resources Act (No. 25 of 1999): describes the importance of South Africa’s
heritage, and designates the South African Heritage Resource Agency (SAHRA) as guardian of the
national estate. This may include heritage resources of cultural significance that link to biodiversity, such
as places associated with oral traditions, or living heritage, landscapes and natural features of cultural
significance, as well as archaeological and paleontological sites. Further formal protections under the
Natural Heritage Resources Act include national and provincial heritage sites (some recognised globally
under the World Heritage Convention) and protected areas, amongst others.
Zoning schemes may have implications for mining and mining associated activities. Where mining is not
permitted within a zoning scheme, the holder of a mining right or permit will need to apply for these
areas to be rezoned in order to allow mining.
A particularly relevant development in the current context is the shift of responsibility from DEA to DMR,
as outlined in the DMR’s most recent Annual Report ((2013-2014):
“The current construct of the Mining and Petroleum Regulatory Framework is fragmented and has been
identified as one of the binding constraints to growth and competitiveness of the South African mining
sector. The Department of Mineral Resources has been engaging with the Departments of Water Affairs
and Environmental Affairs and agreed to amend the respective Acts to provide for the industry to be
regulated by a single environmental piece of legislation (DMR, 2014, p.28). This system is known in the
industry as the One Environmental system. The DMR (2014, p.29) reports further that:
The Minister of Mineral Resources will be the Competent Authority for the implementation of the National
Environmental Management Act on mining and prospecting sites, and the Minister of Environmental
Affairs will be the Appeal Authority. This has resource implications and, while certain capacity is already
being put in place, there will be a fundamental shift in the way the Department operates, particularly in
the area of monitoring and evaluation of compliance in the mining industry.
An online application and licensing system [SAMRAD – South African Mineral Resources Administration)
was put in place. In 2013-2014 it has been “in the process of being enhanced to ensure improved
performance. A much more efficient integrated geographic information system (GIS) will be required to
manage the balance between mining, agriculture, conservation and urban development” (DMR, 2014,
p.29).
Key insights from this section are that …
A considerable number of laws are binding on the mining enterprise; some have been in place a long
time, others are newer
Having a clear sense of all these, how they relate to each other and their practical implication, the
point contacts in various departments, and so forth, is likely to require considerable know-how within
the industry and individual companies
Administering these laws, within and between different government departments, and in the face of
resistance to associated procedures, will also require considerable know-how and skill in the relevant
government departments.
Guidelines such as those produced by DEA et al. (2013) are likely to be valuable, should practitioners
have access to and understanding of them
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Mandates that may appear as conflicting (e.g. the DMR’s dual role as promotor and regulator of
Mining) may require not only technical knowledge but also considerable organisational capacity and
leadership/governance to effectively and wisely implement.

THE WHITE PAPER ON EDUCATION AND TRAINING, 2005
This document spelled out an early commitment by the ANC government to support the Constitutional
right of all South Africans to an environment that is not detrimental to their health and well-being, and to
use the entire education system to support this right. It stated in Chapter 4 that:
“Environmental education, involving an inter-disciplinary, integrated and active approach to
learning, must be a vital element of all levels and programmes of the education and training
system, in order to create environmentally literate and active citizens and ensure that all South
Africans, present and future, enjoy a decent quality of life through the sustainable use of
resources.”
This commitment was followed up in all subsequent curricula developed for schooling, where
environmental learning features to a greater or lesser extent across the subjects and grades. Research
indicates that South African children are leaving school with growing levels of general environmental
awareness, although their conceptual and scientific understanding of environmental issues is not always
well developed and described by both teachers and university lecturers as ‘shallow’ (Rosenberg et al,
2009a and 2009b). Universities have also embraced environmental learning in various departments and
faculties and a number of general and specialist environmental programmes have been developed in
higher education, as evident in the number of environmental qualifications identified in this study (see
Findings on the Supply Pipeline).
In further and vocational training there has been much less emphasis on environmental learning,
however, and this may have implications for green skills development at entry and intermediary skills
levels in the mining sector.

THE NATIONAL SKILLS DEVELOPMENT STRATEGY (NSDS III), 2009
The Department of Higher Education and Training’s National Skills Development Strategy (NSDS III)
refers to skills to support the green economy as a priority – thus taking the commitment foreshadowed in
the 1995 White Paper further, and aligning with the National Development Plan.
NSDS III encourages the linking of skills development to career paths, career development and to
promoting sustainable employment and in-work progression. It also addresses specific challenges such
as (p.6):
Continuing skills shortages in the artisanal, technical and professional fields that are fundamental to
the development and growth of our economy.
An over‐emphasis on NQF level 1‐3 learnerships, with insufficient progression towards more
appropriate (intermediate and higher) skills required for growth sectors in a knowledge economy.
The failure of businesses in many sectors to equip their workforce to adapt to change as the
economy becomes more knowledge‐based. The strategy notes that when structural change occurs,
the outcome is often retrenchments, rather than retraining and redeployment of working people.
Systemic blockages such as: a lack of synergy between the various post‐school sub‐systems (e.g.
universities, Technical and Vocational Education and Training or TVET colleges, SETAs); a lack of
clarity in relation to the role expected of the various parts of the skills development system;
34

inefficiency and waste; and the silo mentality which prevents the partnerships and alignments
needed to improve effectiveness.
The absence of coherent strategies within economic and industrial sectors, compounded by the lack
of systematic skills development to support and sustain growth and development.
Through DEA’s Sector Education, Training and Development Unit, all SETAs across sectors have been
tasked to integrate environmental skills in their national skills planning (SSPs). This has been happening
under the auspices of DEA and the National Environmental Skills Planning Forum since 2011 through ad
hoc engagements with SETAs or contracted researchers, using a small base of human capital
development specialists with insights into green skills development.
DHET (2014) assessed the progress made in implementing NSDS III. This report includes a dedicated
chapter on progress made in developing green skills for a green economy through the NSDS III process. It
indicates that, across all SETAs and education and training institutions, there is a further need to:
Prioritise the development of green occupational qualifications and learning pathways
Make use of the Green OFO in green skills planning
Develop green skills strategies through SETAs and where possible, to prioritise funding thereof (in
accordance with the National Skills Fund instruction to fund green skill programmes)
Develop national standards for green skills instruction, and upskill occupational trainers accordingly
Develop strategies for re-skilling vulnerable workers in the transition to a green economy (DHET,
2014, p.147).

The challenges in the skills context may all be highly relevant to the context of coal mining, given the
socio-economic and technological drivers described earlier, and the presence of extensive environmental
legislation and associated risks. It would therefore be important to see how NSDS III (and its future
iteration, NSDS IV) and the ongoing directives of the DHET enable SETAs to address these matters in the
context of green skills for mining.
While reiterating the need to re-skill vulnerable workers during the transition to a greener economy, the
DHET report also raises the importance of not only investing in skills for practitioners, but also in the
training of those required to do the training
Another implication is that greater cooperation between SETAs might be particularly important, including
cooperation between the MQA and the Energy and Water SETA, the Local Government SETA, MERSETA
(Manufacturing and Engineering), CATHSSETA (including its Conservation Chamber) and the Public SETA.
DEA has established a Green Fund to support capacity development for the Green Economy; recently this
fund approved a project to build system capacity for green skills development, under the auspices of the
Forum, with Rhodes University playing a coordinating role. This project can stimulate and coordinate
initiatives to build national system and along with the Forum, may provide a connecting springboard for
MQA’s green skills initiatives.

5. ENVIRONMENTAL CONSIDERATIONS IN MINING AND COAL MINING IN SOUTH AFRICA
“We could not over-emphasize the environmental legacy of coal mining, which could be an encumbrance
for future generations” Minister Susan Shabangu, Mineral Resources Minister, February 2014
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WORKER HEALTH AND THE E NVIRONMENT
A first point to note in reviewing environmental considerations in mining is mining companies may
separate environmental matters dealing with occupational health (under the Mine Health and Safety Act
of 1986) such as dust in the work environment, from environmental issues such as water pollution, that
need to be regulated under environmental legislation (NEMA and the National Water Act of 1998).
The Mine Health and Safety Act aims to prevent employee injury and death, but also longer term
employee health impacts, in which the quality of the work environment, and the protective measures
taken, play a critical role. Coal mining is a hazardous activity (Goldblatt, 2002, quoted by the Benchmarks
Foundation, 2014). Mineworkers may suffer injuries, sometimes fatal, from rock falls, material handling,
methane explosions or accidents while transporting coal. Noise pollution can cause hearing loss, while
dust from broken rock, generated during blasting, drilling and conveying, contain particulates that, when
breathed, can cause lung conditions which in turn pre-dispose workers to chronic respiratory illnesses,
tuberculosis and cancer.
To reduce health and safety risks, companies take various protective measures, and environmental
health and safety staff are employed, including environmental control officers and inspectors, and
occupational health and safety staff with educational and monitoring roles. At some mines, these are the
main or only environmental staff on site; at other mines, other ‘environmental’ staff are additionally
employed (or contracted), to focus on the environmental management activities to reduce water pollution
and impacts on other ecosystems.
Of course, the quality of the ‘outside’ environment, beyond the mine, also hold risks for mine workers and
their families. The Benchmarks Foundation published a study in the Mpumalanga coal fields which
showed that not only long term employees, but also non-employees living near mines, had symptoms of
pneumoconiosis (also known as black lung disease) attributed to the dust raised not only underground
but also during surface operations and transportation (Department of Environmental Affairs Chief
Directorate Air Quality Management, 2011, quoted in BenchMarks Foundation, 2014). Air pollution from
NOx and SO2 emissions and water pollution can have even more widespread impacts on community
health and livelihoods.

GLOBAL RECOGNITION OF RISK
Both nationally and internationally there is now heightened attention to environmental impacts such as
these. The International Council of Mining and Minerals (www.icmm.com), for example, has produced
various publications in recent years that show a strong commitment to sustainable development and
green economy principles. The ICMM makes the case that greater environmental care will bring a range
of benefits from improved worker health to cost reduction through energy and water efficiency, resource
stewardship, recycling of materials, rehabilitation, and management of reputational risk.
Investors increasingly examine the overall sustainability (‘triple bottom line’) of companies. This reflects a
general shift towards recognising the environmental impacts of industry and gaining a greater
understanding of the risks involved. The types of faced by companies that potentially have high impacts
on the environment include:
regulatory risk - non-compliance with environmental legislation, can be costly and also pose
additional risks such as operation delays or stoppages, licenses being revoked, or loss of investment;
reputational risk;
liability risk (as noted in the review of the National Environmental Management Act, directors of
offending companies can be held liable for non-compliance);
credit risk, and
reduced shareholder value.
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Exxaro (2014, p.28) regards “compliance to environmental legislation” among the top 15 risks the
company faces, with the potential impacts being “financial, environmental, reputational, operations, legal
and compliance”. The company’s critical controls include compulsory inductions to all personnel and
visitors, environmental management programme assessments, internal incident reporting, regular liaison
with authorities, regular environmental legal audits (self-assessments), communicating updates on legal
changes, and regular compliance awareness training – all ‘green skills’ required by the company, either
in-house or in-sourced.
As noted earlier, mining companies’ ‘social license to operate’ is also at stake. The social license refers to
public and local communities’ perception about mining, and it is increasingly affected by environmental
performance. Companies are at risk not just from their own negligence in environmental care, but also
from others’ negligence. The report by Ernst and Young on business risks facing mining and metals (DEA,
2013) states that “it doesn’t matter if it happened a long time ago, at another mine, or even to another
company… [the] public want to hold companies responsible and this can affect investment confidence”.
There is also a growing demand for greater transparency and accountability from companies. A number
of initiatives, including the South African King Committee’s Report on Corporate Governance (King III),
call on companies to look beyond traditional ideas of risks and sustainability to develop a more
comprehensive understanding of the impacts of businesses and, in turn, the risks businesses face with
regard to sustainability issues related to biodiversity, climate change, and water availability. It is
becoming good business practice to incorporate appropriate scientific methodologies, that encompass all
levels of assessment of impact on natural resources, stakeholder engagement, and comprehensive
economic valuation of the affected areas, into business decision-making.
This implies the appointment of ‘green skills’ such as environmental law, environmental accounting,
costing, monitoring, auditing, reporting and communications.
The MQA Sector Skills Plan for 2013-2018 (MQA, 2014) indicates the following environmental challenges
facing the mining and minerals sector, all of which require green skills for their resolution and
management:
Management of the environmental footprint: The mining, transportation and combustion of coal all have
environmental and health impacts. The mining sector’s environmental footprint includes biodiversity loss
(due to habitat destruction), air pollution and dust, waste, energy usage, water usage and water pollution.
For example, the issue of current and future acid mine drainage (also called acid rock draining) from
abandoned and even rehabilitated mines, has been a major concern (McCarthy, 2011).
Compliance: The mining industry has to comply with the various forms of environmental legislation
outlined earlier, and needs to develop and cultivate the skills to do so.
Sustainability Reporting: There is a growing demand for diligent sustainability reporting. The King III
Report argues strongly for the full integration of environmental considerations into the economic and
social aspects of sustainability. While listed companies have the requisite skills for sustainability
reporting, this must be extended to unlisted companies.
Sustainable Development: In 2011, the DMR issued the Sustainable Development through Mining
Strategic Framework document. This strategic framework conveys the notional meaning of sustainable
development in the mining sector. Companies are expected to respond to this document, and to
participate in the actualization of a sustainable development approach to mining (MQA, 2014). Skills will
be needed to implement and carry out the intentions of this strategic framework in practical contexts.
The planned expansion of mining in the Waterberg complex is an example. In addition to 40% of South
Africa’s coal reserve, the Waterberg is also home to vast areas of natural bush, and many game farms.
Ecotourism and agriculture are important existing economic activities, but there are also a large number
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of unemployed people in the region. There are very limited resources of groundwater, and these aquifers
are at risk of pollution by the planned mining, as this has been the legacy of other coal mining
operations. Deposition of waste products released into the atmosphere will affect the Limpopo basin
ecosystem, which features unique species whose existence is already endangered. In order to achieve
sustainable development, mining and power station design and operations must understand these
impacts and include measures to minimize the impact (Jeffrey, 2005). Can mining bring broad-based
benefits to the communities in the Waterberg, in such a way that the next generation will have better
development options than they have today? If this is to be the case, green skills associated with
integrated development planning may be paramount.

CLIMATE CHANGE
The Climate Change Response White Paper (DEA, 2011) notes that climate change holds significant risk
for water-intensive industries like mining (and coal-based electricity generation) in that some parts of the
country may simply run out of water to sustain these operations (along with competing priorities like
agriculture for food security, or the social and ecological reserve). The second risk that climate change
holds for the coal industry is the national and international response to the phenomenon of climate
change (SACRM, 2013).
South Africa’s CO2 emissions from fuel combustion were around 340 million tons per annum in 2006,
making it the 15th largest emitter of CO2 globally. Our economy is one of the most carbon-intensive in the
world, and more emission-intensive than other countries at a similar stage of their development (see
Table 3). Even some fast-developing countries with coal-based economies have lower emission levels.
CO2 emissions in kilograms created per US dollar GDP produced
South Africa

2.03 kg CO2 per $ GDP

OECD Average

0.44 kg CO2 per $ GDP

Global Average

0.74 kg CO2 per $ GDP

T ABLE 3: C OMPARATIVE CO 2 E MISSIONS (S OURCE : IEA, 2008, QUOTED BY E BERHARD , 2011)
Energy use emissions account for 80% of total emissions in South Africa, compared to 49% in other
developing countries. Eskom’s coal-fired power stations account for around 220 million tons per annum
and Sasol’s petrochemical plants about 60 million tons per annum.
In the Copenhagen Accord, President Zuma made a voluntary commitment to reduce South Africa’s
greenhouse gas emissions below a business-as-usual scenario by 34% in 2020 and 42% in 2025,
conditional on the provision of financial resources. Eberhard (2011) suggests that South Africa would
need to limit its total greenhouse gas emissions (fossil fuel combustion plus other sources) to between
500 and 550 million tons per annum CO2 equivalent. If the electricity sector were to take half the burden
sharing commitment, then CO2 emissions from the power generation would need to be capped at around
275 million tons per annum. If we add to Eskom’s current CO2 emissions (220Mt) those from the coal
fired power stations currently being built (more than 60 Mt ), then it is clear that the 275 million tons per
annum CO2 will be breached by 2020 and will only be able to be re-attained in 2025 when old coal power
stations are decommissioned.
These assumptions have been incorporated into the preferred scenario in the Integrated Resource Plan
for the electricity sector published by the Department of Energy in 2010. These targets can be met
through a relatively modest increase in costs (less than 10% above the least-cost, coal-rich scenario).
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However, deeper cuts in CO2 emissions would result in significantly higher costs and are, accordingly to
Eberhard (2011), unlikely to gain sufficient industry and political support.
If the overall 500-550 Mtpa CO2 equivalent cap becomes a real target, there will be no room to run
Sasol’s planned Mafuta petrochemical plant. It is for this reason that the industry and government are
looking at the adoption of carbon capture and storage (CCS) technology, which would remove the
constraints on building further coal power stations or CTL plants. Eberhard (ibid) suggests that while
South Africa has a modest carbon capture and storage programme (mainly aimed at mapping geological
sites for potential storage), it is unlikely to be able to afford the investment costs of this technology in the
near to medium term and thus carbon capture and storage is unlikely to impact on the above scenarios
before 2025.
From these speculations it is difficult to assess the extent to which responses to climate change will
affect the coal industry, but it is clear that less polluting and more water efficient technologies, need to
be developed. Exxaro (2014, p.26) lists “the unavailability of water” sixth on its list of top 15 risks to the
company. There have been several calls for the coal industry to increase its investment in clean coal
technologies and research programmes. For example, Mineral Resources Minister Susan Shabangu, at a
SA Coal Export Conference in Cape Town (February 2014) said that although the industry had an
important role to play in the economy, it had to remain "current and relevant", and to "raise the level of
investment in clean coal technologies research programmes. This is likely to present the country with
opportunities to continue exploiting this vast resource without the risk of raising further the carbon
intensity of its economy" (Shabangu, online video footage). Shabangu said that while South Africa had
made clear its commitment to reduce its carbon footprint through various programmes, including
diversification of its energy mix, coal still had a vital role in the country's energy generation. Advances in
science were providing more accurate feedback on the environmental impact of fossil fuels, and were
starting to guide industries on how to mitigate the negative impacts of coal exploitation.
Policy debates in South Africa are also raising the specter of tariff barriers by trading partners on its
commodity exports because their production depends almost entirely on coal-fired electricity inputs.
Further arguments are being made that South Africa needs to explore the potential benefits of
developing competitive green industries and jobs, including in the renewable energy and energy
efficiency sectors. The country has huge potential to improve the efficiency with which it uses energy and
hence carbon, and this also applies to coal mining and beneficiation (Eberhard, 2011).
This has very clear skills implications: We need skills to develop and use energy efficient technology; and
skills to design, manage and operate less polluting mines and power generation plants.
On the ground the labour movement has engaged the issue of climate change. Both the Congress of
South African Trade Unions (COSATU) and the National Union of Mineworkers (NUM) have climate change
task teams or working groups. COSATU has been a key driver of the One Million Climate Change Jobs
campaign, arguing that decent work can be created in the effort to stem climate change.
NUM and NALEDI (National Labour and Economic Development Institute) commissioned a report on
climate change in the coal sector (Holmes, 2013). The research for this report included site visits to two
coal mines and engagement with management and workers in focus groups. It reports the following
observations with regards to climate change jobs in relation to Optimum Mine in the Central Basin
(Holmes, 2013, p.52):
The immediate placement of mine water treatments systems is critical for the mine going forward.
The scale of implementation of waste water treatment systems could be considered cost prohibitive
… but this is indeed what is required to “win back” some of the catchment, in order to allow for
natural ecological processes to restore water quality such that it can be put to other economic uses.
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Immediate and extensive ecological restoration programmes in wetlands and riparian areas.
Damage is extensive, and no expense should be spared to recoup water recharge areas.
Immediate and extensive need for back filling operations in line with the rate of mining production.
Workers indicated that budgets were not made available and so the rate of rehabilitation is very
slow.
All of the above activities could contribute significant to climate change adaptation and resilience
development mechanism and contribute significantly to jobs.
Additionally all existing stockpiles which are seemingly scattered over a vast area should be
consolidated such that land can be made available initially for restoration and with time food
production.
As many areas as possible should be vegetated to reduce air pollution.
A consolidation and removal of all fly ash dumps. This is the responsibility of the power utility but has
to be done in order to give effect to other initiatives. Ideally economic use for the fly ash must be
sought. Such reclamation initiatives can also create many jobs as well as spawn local business.
Evaluation of existing emissions monitoring and evaluation systems for air, land and water quality
monitoring on mining ground as well as monitoring directly in proximate communities at schools,
towns etc. with respect to air sheds, to monitor environmental and human health impacts.

Respondents indicated that it was critical for the mining company to prioritise expenditure for the above
initiatives in the future, as their operations and the jobs of workers are at threat to:
Increased pollution from runoff coupled with acid mine drainage recharge from infiltration of all
discards and other dumps and stockpiles
Increased air pollution
Unusable water and highly eutrophic water condition in the catchment at large (Holmes, 2013, p.52).
The NUM-NALEDI study found that climate change “would impact on jobs and types of jobs in the future”
and that, to “accommodate for the foreseen changes in the industry as a result of climate change” the
following is needed on an ongoing basis: Training, development and skilling of human resources;
Intensive rehabilitation programmes; and partnership between labour, government and employers in all
areas (Holmes, 2013, p.51) The report ”validates the call by NUM and its affiliates for a fair and just
transition from coal to renewables and for climate change jobs in other economic sectors, such as agroecology, ecological rehabilitation and reclamation, as emanating from focussed research by groups
tasked to deal with the issues” (p.2).

WATER
While climate change impacts may become more pronounced in the future, other environmental
problems are already evident. Perhaps the most serious immediate environmental problem associated
with coal (and gold) mining is that of acid mine drainage. Mining breaks up the rock mass, which triggers
sulphuric acid-producing reactions between iron sulphide (pyrite), present in the coal and its host rocks,
and oxygen-bearing water. In opencast mining the rock mass is completely fragmented, maximising the
contact between water and rock, making this the most acid producing mining method. Over time the
acidic water ‘decants’ or drains from mines that are no longer used, acidifying the surrounding soil and
rivers. As water becomes more acidic, it dissolves aluminium and heavy metals, including iron and
manganese, present in rocks and soil. These dissolved metals are toxic to people, animals and most
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plant life. The problem of acid mine drainage is widespread in the gold and coal fields of South Africa
(McCarthy, 2011). In the Olifants River, it has led to the destruction of biodiversity, reduced agricultural
production, soil erosion, and serious water pollution (Eberhard, 2011). Similar issues are starting to
emerge in the Vaal River catchment. Studies by Mc McCarthy & Pretorius (2009, quoted in Eberhard,
2011) indicate that further large scale development of coal fields, especially in the central basin, could
result in irreversible and costly damage and could prejudice the quality of scarce and essential water
resources in what has been South Africa’s most productive economic region..
Acid mine drainage is less of a problem in the Waterberg because of low rainfall and less water ingress.
Here the problem is the opposite – one of water shortage – which gives rise to another set of constraints.
Insufficient water could limit large-scale development of the Waterberg coal fields, and/or limit other
economic and livelihood activities in the region. It makes the social and ecological reserve vulnerable to
water demands from new developments, which may affect the region’s resilience to climate change,
These environmental concerns are current and critical (rather than ‘nice to have’ considerations). This is
underscored by the fact that the Council for Geosciences conducting research to quantify the extent of
the acid mine drainage problem and searching for rehabilitation measures; and Minister Shabangu’s call
for new technologies that use less water.

WASTE
A review by Eberhard (2011) indicates that the mining and beneficiating of coal are characterized by high
levels of wastage of the mined material, and transportation gives rise to more waste and pollution.
Eberhard notes that ash content of South Africa’s coal is generally high and can reach up to 65% in the
Waterberg. In order to qualify for export, the ash content is reduced by washing the coal.
A by-product of coal washing is large quantities of discard or ‘duff’ coal which now amounts to over one
billion tons, and is being added to at the rate of about 60 million tons per annum. This may be a potential
resource for power production using fluidized bed combustors, although, it is of poor quality (high ash and
sulphur), and volatiles diminish as stockpiles age (Eberhard, 2011).
Thermal coal used for domestic power and fuel production has higher ash values than coal destined for
export, and lower calorific values. Burning this coal exposes the South African public to high levels of air
pollution (CO2 and SO2 emissions). Furthermore, a large percentage of mined coal is of such poor quality
that is neither sold nor used, but simply dumped. Dumps of waste coal release toxic gases and are in
danger of spontaneous combustion, acidify and contaminate water and soil, expose residents to coal
dust, and are a huge environmental challenge.

BIODIVERSITY
Impacts on biodiversity vary significantly depending on the type of mining, the scale and extent of mining,
the environmental management approach adopted, and the area and type of biodiversity being affected
(DEA et al., 2013). Each stage of the mining project can have adverse effects. Impact is likely to increase
in severity as a mining project develops through reconnaissance, to prospecting and then mining.
Direct impacts are caused by the clearing of land, extraction of water and associated change in
water table levels, contamination of water bodies, blasting and sedimentation.
Indirect impacts may occur beyond of the project site and/or after the project has ceased (e.g.
migration of pollutants from waste sites, reduced flow in downstream rivers).
Induced impacts are not directly attributable to the project, but are anticipated to occur because
of the presence of the project (e.g. impacts of associated industries, establishment of residential
settlements with increased pressure on biodiversity).
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Cumulative impacts are those impacts from the mining project combined with the impacts from
past, existing and foreseeable future projects, that would affect the same biodiversity or natural
resources (e.g. a number of mines in the same catchment or ecosystem type, collectively
affecting water quality or flow, or impacting the same local endemic species). This may not be
picked up by Environmental Impact Assessments for individual projects.
Impacts may last only in the short term (e.g. during construction), or may last for decades or centuries, in
which case they are effectively irreversible. Examples of the latter are permanent changes in the surface
water or groundwater regime, and/or the loss of biodiversity where mitigation measures are inadequate
(DEA, 2013, p.14)
Biodiversity offsets are relatively new in South Africa, but increasingly required by governments and
financial institutions elsewhere in the world. Off-sets already have an impact on local mines, that is likely
to grow in future. Essentially, it involves the company investing in the protection of comparable
biodiversity values (species and ecosystem services) off-site, if it is unable to prevent or mitigate against
damage to biodiversity at the proposed mining site. For example, if the mine is going to destroy a dune
forest, the company can ‘off-set’ the damage to the country’s biodiversity by protecting a comparable
dune forest elsewhere. A national biodiversity offsets policy framework is being drafted, and some
provinces (Western Cape and KwaZulu-Natal) have draft provincial guidelines for biodiversity offsets;
Gauteng’s guidelines are in the pipeline. Wetland offset guidelines are also available. According to the
Mining and Biodiversity Guidelines (DEA et al, 2013) and interviewees, the implementation of biodiversity
offsets is complex. It can be difficult to find comparable biodiversity ‘estates’ elsewhere and when one
does, it involves stakeholder engagement and the setting up of governance and financing mechanisms to
properly manage the off-sets over an extended period of time, in addition to biodiversity management.
Another environmental task that is challenging, is that of mine rehabilitation (Mphinyane, 2013 and
Seccombe, 2014a,b). Rehabilitation in coal mining is a complex process requiring a complex set of skills
(Mphinyane, 2013) including the ability to review the outcomes of previous rehabilitations and applying
lessons learnt (DEA et al., 2013).
Environmental regulations and actions are also connected to other regulations and frameworks. For
example, Mphinyane (2013) reported that the required rehabilitation of the area mined needs to be
aligned with the national and regional Integrated Development Plans (IDPs), as well as with
Environmental Management Plan and Closure Plan objectives and commitments. These must provide for
sustainable post-mining land use, and consensus on these commitments has to be reached through a
Public Participation Process before permission to mine is granted.
Mines are meant to conduct ‘concurrent rehabilitation’ (of areas where mining has finished) as an
ongoing process, as well as upon mine closure. Rehabilitation may need to proceed to a point of
reclamation, which is to restore the area to a comparable land use that what there was in place, before
mining ensued.
That means, inter alia, that ‘rehabilitation skills’ needs to be integrated into the full cycle of mining
qualities, ranging from research and development into effective rehabilitation techniques, to community
facilitation and engagement, sustainable socio-economic development, and extensive knowledge of
applicable legal frameworks. Even one activity, such as rehabilitation, might therefore involve a number
of different professionals and workers at different occupational levels and with diverse responsibilities
(Mphinyane, 2013).
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SPOT5 satellite imagery (2013) of open cast coal mining in Mpumalanga with surrounding farmland
(Image courtesy of Tracey Davies and GroundUp)

This brief review of the environmental impacts of coal mining provides a perspective on the range of
green skills that are required, the urgency with which they are required, and the complexity that might
potentially be involved. The entire contextual review points to possible green skills requirements. These
were further explored with a site visit, interviews and other data sources, in order to develop a fuller
understanding of the skills needs across the coal value web, discussed next.
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FINDINGS
FINDINGS
1. VALUE CREATION PROCESSES IN COAL MINING
A value chain is a tool for depicting how processes in an industry or sector are connected, or intend to be
connected, and what value they add or deem to add. In this study, when mapping out all the processes
that are current critical to coal mining, and indeed mining in general, it was found that they present a
‘web’ more than a ‘value chain’.
The processes in this web (or value creating system) can be broadly grouped as follows:
The core business of coal mining
Enabling processes supporting business entities and goals
Regulatory processes protecting workers and national interests including the environment
Socio-Economic Development Outcomes – ultimate benefits and upstream, downstream and
side-stream beneficiation such as electricity generation that are in turn connected value creating
systems.
A simple version of this value web is depicted in figure 2 below:

D. Socio-Economic
Development
Outcomes and
Beneficiation

A. Enabling
processes
that support
the business
goals and
processes

B. The core business of coal mining

C. Regulatory
processes for
health, safety
and
sustainability

F IGURE 2: A BASIC WEB OF VALUE CREATION PROCESSES IN (C OAL ) M INING
The occupation-related functions, activities or tasks in each of these components of the value web for
coal are as follows:
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A. Enabling Functions supporting the business goals of coal mining:
1.
2.
3.
4.
5.
6.
7.

Governance, leadership & management
Reporting (including sustainability reporting)
Stakeholder engagement
Marketing and communications
Human resources (HR) management and development; training and education
Procurement / supply chain management
Financing / investment and insurance

B. The Core Business of Coal Mining:
8. Research and development (R&D) for coal mining, environmental management, rehabilitation and
beneficiation
9. Exploration
10. Mine planning and development
11. Mine construction, production and operation including the processing of coal
12. Ongoing / concurrent rehabilitation
13. Waste management
14. Energy management
15. Water management
16. Logistics
17. Mine closure, final rehabilitation and reclamation

C: Regulatory Processes:
18.
19.
20.
21.
22.
23.
24.

Policy development and communication
Occupational Health and Safety (OHS)
Research and development (remediation, rehabilitation and reclamation)
Approvals, Applications, Impact Assessments and Appeals
Mitigation and biodiversity off-sets
Monitoring, auditing and reporting
Enforcement

D. Socio-Economic Development and Beneficiation:
25.
26.
27.
28.
29.
30.

Power generation
Fuel production
Coke for steel
Direct use: Food & Chemical Industries; Cement & Lime; Brick and Tile; Sugar; Paper & Pulp
Local social and economic development (LED)
National socio-economic development

These processes are connected in diverse ways. For example, procurement governance in Eskom (user of
coal for power generation) determines whether a mining company is eligible to sell coal to Eskom and
therefore influences its financing, as well as the manner in which the company will be processing and
transporting coal (either to a power station or to port for export); and even whether and where it aims to
mine (exploration) and for how long it continues to mine before closing the mine, or selling it on. The
latter influences the company’s relationship with the mining community and the extent to which it
undertakes rehabilitation work. Regulations, finances and leadership also influence the manner in which
mines plan to manage their waste and water and the extent to which they rehabilitate. These in turn
influence Human Resource (HR) requirements; the cost of the mining operation; and investor confidence.
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The activity in each of the concurrent value ‘chains’ (D) also take the form of a system, e.g. the complex
system that represents electricity generation in South Africa, with its governance features, research and
technological development aspects, procurement challenges, investment considerations (e.g. from
international companies in renewable energy), Human Resource base and more, affecting the value
creation (availability of electricity) and interacting through feedback loops to the mining of coal. Transport
and logistics and associated infrastructure also play a considerable role.
A comprehensive diagram of even the most basic interactions within and between these inter-connected
activity systems will be very detailed. In the scope of this study, few of the concurrent value systems can
be explored in any depth, although, should this be done, they are likely to show a number of green skills
required in the production of, for example, electricity, sugar, paper or steel.
And, instead of drawing a complex activity system, the processes will be presented as simply as possible,
with broad relationships indicated (Figure 3). This should suffice for the purpose of the study, i.e. to
identify where green skills are needed in a multi-layered system – the focus of the next section.

Local Economic
Development

Mine Closure
Rehabilitation,
Reclamation

Reporting
Electricity
Communications
Petrol
Paper

Coal Processing

Marketing
Procurement

Mine Operation /
Production

HRD, Training

Construction

Sugar

Environmental
Management
(water, air,
waste, energy)
Rehabilitation,
remediation &
mitigation

Enforcement,
Litigation
Audits,
Monitoring,
Reporting
Approval
EIA

Logistics

Steel
Recyling

Stakeholder
engagement

Mine Planning and Stakeholder
Engagement; Mine Development

Management
National
Development

Health
and Safety

Policy
Exploration

Governance
& Leadership

Research & Development

Research
&
Guidelines

Financing, Investment & Insurance

F IGURE 3: K EY P ROCESSES IN THE C OAL V ALUE W EB
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2. GREEN SKILLS REQUIREMENTS & OCCUPATIONS: COMPREHENSIVE LIST
The required green skills identified in this study are summarised below in tables that link them to the
value creation processes in the coal value web (Figure 3), and to occupations. The study scope did not
allow for an in-depth analysis of any of these skills sets, and with the exception of the ASSAF report
(2014a) on research and development skills needs, such analyses are not to our knowledge available
elsewhere. Some further details on the competencies involved are included in Appendix B.
The first set of green skills we identified is required for the enabling processes that support the core
business activities and goals of coal mining. These enabling processes range from corporate governance
to human resource development and more. They are of course common to most businesses and
similarly, the associated green skills would be necessary across a variety of value chains, including those
associated with the beneficiation of coal, such as power generation or the production of synthetic fuels,
and also to the mining of commodities other than coal.

THE GREENING OF ENABLING FUNCTIONS
T ABLE 4: G REEN S KILLS I N THE P ROCESSES E NABLING C OAL M INING
PROCESSES

ASSOCIATED GREEN COMPETENCIES

ASSOCIATED OCCUPATIONS

Governance,
Leadership &
Management

Ethical leadership, effectively setting a ‘green’
direction and approach for the organization,
overseeing governance of environmental
compliance, climate change & sustainability
management, overseeing the implementation
of environmental management plans

Company Board members, CEOs,
corporate managers, mine
managers, environmental
managers. Larger coal mining
companies employ corporate level
environmental staff.

Reporting
(corporate level)

Knowledge of sustainability reporting
requirements and national and international
trends and standards for environmental justice
and sustainability

Corporate sustainability and climate
change managers, environmental
managers. Larger coal mining
companies employ these at head
office.

Procurement /
Supply chain
management

Knowledge of cradle-to-grave environmental
impacts of consumables and equipment for
coal mining; eco-friendly alternatives and
suppliers; setting green requirements for
suppliers; assisting suppliers in meeting green
requirements including supplier innovations

Procurement / supply chain
managers, mine store managers,
sustainability managers. All
companies employ procurement
managers, but do not as a rule
require them to have green skills.

Marketing and
communications

Understanding the nature and need for
environmental sustainability, effectively
communicating practical sustainability
measures in internal corporate
communications and external marketing
materials; knowledge of national and
international trends and standards for
environmental justice and sustainability

Marketing and communications
managers, corporate social
investment (CSI) managers
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HR
Management
and HRD,
Training,
Education, HCD

Training skills for environmentalists; training
skills for staff tasked with environmental,
health and safety training; knowledge of
environment, environmental issues and
environmental practices for all trainers;
competence in green skills planning at
company, mine and sector level

Corporate & mine HR managers;
HRD managers; skills development
facilitators; corporate & mine
trainers and mentors; lecturers;
Human Capital Development (HCD)
specialists; MQA skills managers.

Investment,
financing and
insurance

Risk analysis – understanding the risks to
environment, people, property & other
businesses, associated with illegal or
inappropriate mine development, operations
and closure, and the reputational, legal and
financial risks to projects. Knowledge of EMA,
NEMBA, MPRDA and where costs would
reside. Environmental economics and
accurate costing of EMP, mitigation including
off-sets, rehabilitation, remediation and
reclamation.

Investment bankers, risk analysts,
insurance managers
Banks and other financial
institutions are starting to employ
analysts with an understanding of
the impact of environmental issues
and regulations on the financing and
insurance of projects like mining.

Why is knowledge and understanding of environmental issues and an ability to apply that knowledge to
supporting processes like management, or marketing and communications, important? Just like these
‘generic’ processes support the work of mining, they also need to support sustainability practices and
environmental management in mining. The commitment from the leadership in the company, starting
with the board and executive management, is essential if there is to be adequate support at the other
levels in the business. In the words of Stella Carthy, Head of Skills Development for the Chamber of
Mines of South Africa, “it has to be driven from the top”. Corporate support for sustainability practices in
mining houses is particularly important because the environmental personnel are responsible for driving
a paradigm shift in how business has always been done, meaning they can very readily be
misunderstood, pressurised or sidelined.
In a presentation at the National Environmental Skills Summit (2015) Dr Joseph Matjila, Group Manager
for Safety, Health, Environment and Community at Exxaro, said that although environmental managers
are not popular in the company, they are taken seriously. The executive and board have realised that
“You’ve got to listen to these guys”; they can save the company money and time e.g. during or ahead of
litigation. Exxaro in fact lists Compliance with Environmental Legislation as one of its top 15 risks, along
with associated financial, legal, reputational, environmental and operational impacts (Exxaro 2014,
p.28). This explains Matjila’s observation that skills such as environmental law and environmental
accounting or resource economics are sought after in the mining sector, and that “one can make a very
good career of these”.
When an enterprise that has had negative impacts on the environment for centuries needs to shift
towards environmental sustainability, changes are required at all levels and in all aspects of the business.
Prof Caroline Digby, the Director of the Centre for Sustainability in Mining and Industry at Wits, argues for
a systems approach to mining and skills for mining. In such an approach, she explains,
“We apply our ability to view and present problems from different aspects and different parts of the
‘system’. … If we are going to bring about a more sustainable future, we know we are going to have to get
everyone to think differently about our roles and responsibilities, and to reframe how we see the world
and our priorities.” (Mining Mirror, October 2014)
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Among those who need to reframe their priorities are the staff responsible for supply chain decisions.
Mines require large volumes of consumables and equipment. Costs to the company and impacts on the
environment can both be reduced if the relevant staff in the supply chain, from head office to mine
stores, have the necessary knowledge on how to reduce environmental impacts – even if this requires a
higher purchase price. According to its Integrated Report, Exxaro (2014, p.40) has a green procurement
working group and requires its staff to “buy environmentally friendly products and services, and set
sustainability requirements in supplier agreements” and even to “collaborate with suppliers in addressing
supply chain sustainability issues and enhance their capabilities to meet sustainability standards through
supplier sustainability audits, supplier sustainability development and supplier innovations”. Below is a
case study from the Mining Weekly (Creamer, 2015) of Implats introducing innovative new fuel cells, a
technology Implats says other companies could use, too:

JOHANNESBURG (miningweekly.com ) – Impala Platinum (Implats) is surging ahead with plans to use
platinum fuel cells to produce electricity at the Implats platinum refinery in Springs. JSE-listed Implats,
which is heavily supported by the strong black-owned shareholding of the Bafokeng community, is
flying the platinum marketing flag high. The world's second-largest platinum producer wants the
platinum fuel cells, using hydrogen from Sasol and Air Products, to produce an initial 1.8 MW of
stationary power from early 2016. The first phase of the project will see the mining company installing
cells using phosphoric acid fuel cell technology from Fuji Electric of Japan, with the fuel cells operating
off excess hydrogen piped in for the metal reduction process. The fuel cells will also produce heat that
will be integrated into the operation. The chemical reaction of the fuel cells produces zero emissions
and clean water for use in the plant.
The second phase will involve the installation of a 22 MW-potential facility using natural gas and
hydrogen, enabling the refinery to operate independently of the national electricity grid. Implats was
also considering use of fuel cells as the core energy source for its underground mining equipment as a
way of improving mine ventilation, reducing heat and eliminating noxious and sulphurous emissions.
“This is a very exciting time given South Africa’s current power constraints,” said the company CEO,
Terence Goodlace, who added that platinum fuel cells provided a clean energy alternative for mining
and industrial companies in South Africa. Implats is partnering with the local company, Mitochondria
Energy, to develop and deliver fuel cell systems, following its prominent role in the launch of the clean,
noiseless and low maintenance 100 kW fuel cell baseload power generator at the Chamber of Mines
building in Johannesburg.
Implats is working with the Department of Trade and Industry (DTI) and international technology
partners to understand the potential of downstream beneficiation in the market. The company is
focused on partnering with solution providers for the integration of commercially available fuel cells
into practical applications. This would reduce the average cost of electricity consumption in the longer
term as well as provide emergency back-up power, Goodlace commented. The Chamber of Mines fuel
cell will provide a 20% financial return over a 15-year period. Hybrid solutions involving a combination
of fuel cells and renewable energy are also being considered. Together with the State-owned Industrial
Development Corporation, the DTI is assessing the establishment of dedicated manufacturing hubs in
the special economic zones to ensure that the cutting-edge technology is advanced. A call for
platinum-rich South Africa to commit to 1 000 MW of platinum fuel cell generated electricity by 2020
was made during the unveiling by Trade and Industry Minister Rob Davies of the chamber unit, which
is Africa’s first platinum fuel cell baseload power unit. [Article shortened]

Why should marketing and communications staff have green skills? Driving change in the way we do
business requires very effective internal communications, and without an understanding of the nature of
changing practices towards environmental sustainability, communications staff cannot be expected to
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support a shift to sustainability effectively. When companies do introduce new sustainability practices
successfully, this creates a marketing opportunity to attract investment in the business (as the above
case study demonstrates) and to gain the goodwill of local communities hosting mines. To make the
most of these opportunities in an authentic manner, staff in marketing and communications and
corporate social investment departments need to be aware of these sustainability practices, and more
than that, to understand them enough to communicate meaningfully about them, both in-house and with
external stakeholders – a ‘green skill’.

REGULATORY FUNCTIONS ARE GREEN SKILLS
Regulatory processes enable mining to proceed in safer and more sustainable ways. Sometimes they
would need to stop mining, and this makes them highly contentious, and puts those with regulatory
functions in vulnerable positions. Without the necessary skills on either side – both in the regulatory
authority and in the mining company – there are costly delays while companies wait for permissions, or
mines close due to a spill, a fatal accident, or illegal activity. Companies may be inclined to not wait if the
processing of applications is delayed, and to start mining without the necessary approvals. This
undermines the authority of the regulatory bodies and nullifies environmental legislation, as it assumes
that an approval will be issued, regardless of circumstances.
It is therefore critical that there are enough capable people in the regulatory functions. But just which
functions are these? Regulation does not reside only in one division among one group of professionals or
technicians. It spans a full range of functions across organisations, levels and functions within an
organisation, as suggested in Figure 3 and elaborated in Table 5.

T ABLE 5: G REEN S KILLS R EQUIRED FOR THE R EGULATION OF M INING
Processes and Associated
Examples
Occupations
Research and Development
Freshwater ecologists, groundwater
specialists, wetland specialists,
hydrologists, social scientists
Policy Review and Development
Policy analysts, strategic planners and
policy developers working in / with
government; HR and OD as well as
HCD specialists

Occupational Health and Safety (OHS)
or SHE (Safety, Health, Environment)
Monitors, officers, inspectors for
occupational health and safety, often
with an added environmental
monitoring or control function

Research to determine how much water can be extracted from
a catchment before the Reserve is affected (demand and
reserve determination), then developing guidelines for
regulators
These scientists, planners and strategists need to adaptively
look at the guidelines produced by scientists and review the
implementation of policy to see whether adjustments need to
be made to make national and other policies more effective for
the sustainable management of the environment; in particular
to look at policy mis-alignments and organisational
requirements (including skills) to give effect to policy
implementation and regulation
There is an element of environmental control in OHS staff’s
remit, and on smaller mines these staff may also carry a
broader environmental role. There are long-standing procedures
for monitoring and enforcing the Mine Health and Safety Act
regulations, and the DMR has an inspectorate unit that inspects
OHS/SHE matters on mines (relates mostly to OHS and
attendant environmental factors such as dust in), a shortage of
inspectors for its enforcement.
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Environmental Impact Assessments
and development of Environmental
Management
Plan/Programme/System
Environmental managers, life
scientists and earth scientists
including ecologists, wetland
specialists, hydrologists, soil
scientists, geologists, metallurgists;
engineers
Applications and Approvals
Mine staff, consultants and
government officials in DWS (water
use licenses), DMR (waste,
environment and mining applications),
and appeals (DEA)

Monitoring, Auditing and Reporting
Mines employ monitors with entrylevel skills; Environmental Control
Officers and some SHEQ staff have a
monitoring role; environmental
scientists and managers conduct
audits and reporting.
Enforcement and Litigation
Environmental lawyers for both mining
companies and regulatory authorities,
organised labour as well as civil
society bodies.

Water, Waste, Biodiversity and Social components of
Environmental Management Plans/ Programmes/ Systems. As
few mines can afford to employ such specialists on a full time
basis, they often draw on consultants in private practice for
these essential roles. Mine Environmental Managers need the
skills to commission, guide and review the suitability of the
impact assessments and environmental management systems
/ plans / programmes being developed for the mine. This may
well be a scarce skill as it requires both environmental skills
and understanding of mining; employers report that graduates
are in good supply, but experience is not.
Drawing up and submitting applications (mine environmental
managers or similar), liaising with government (mines employ
dedicated staff to do this or use consultants); officials must
manage the submissions, review the applications, understand
and apply all relevant laws and requirements relevant to the
application; source and apply relevant information and
guidelines, liaise with the applicant, make critical decisions, and
manage the follow-up process. Knowledge of all relevant
regulations, procedures, and useful networks and resources.
Regulation requires extensive monitoring of air quality, water
pollution levels and other environmental factors as well as
safety measures (e.g. the use of spray to reduce dust from coal
conveyer belts). This is done by a range of staff, and data is
managed by a coordinator. Auditing is usually done by external
consultants; reporting is shared. Officials come to inspect.

Requires a range of skills including inspection against plans and
guidelines, to stakeholder engagement and prosecution; legal
expertise combined with understanding of the mining
environment and environmental impacts, risks and laws. Civil
society and trade unions have played an important role in
bringing transgressions into the open for legal processes to be
followed; unions and NGOs therefore also require environmental
law skills, to ensure informed, constructive engagements.

The environmental regulatory function within the DMR might be one of the most critical skills areas for
the MQA to consider. While quantitative information was not available, indications are that regulatory
and enforcement skills are currently inadequate.
The DMR’s Annual Report (2013-2014) states under Challenges faced by the Department (p.97) as
follows: “The need to enhance capacity to inspect and enforce compliance is one of the key challenges
that is facing the Department. Engagement with National Treasury on this matter will be pursued during
the 2014/15 financial year. The high cost of training and the inability to retain staff (especially Mine
Health and Safety Inspectors), has in the past few years resulted in a substantial loss of human capital
investment.”
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The DMR has a shortage of Occupational Health and Safety Inspectors, and finds itself unable to conduct
enough inspections because of this shortage (DMR, 2014). The shortage is of a long-standing nature and
hence there is a programme with MQA to support the training of OHS Inspectors at post-graduate level.
One reason for the shortage is the growing number of mines. Another reason relates to salaries. OHS
Inspectors must have a mining qualification, either a diploma or degree. With such qualifications, a
person can earn more in mining itself, than in a state entity (interview with ETQA Manager, March 2015).
This may be one of the reasons for the shortage of OHS inspectors. Another could be that the work is
stressful, given that it may be seen as ‘against production’; furthermore, a discrepancy in salaries may
set an inspector at a disadvantage when engaging with his or her peers at a mine.
As noted in the Context Analysis, the DMR has also relatively recently (December 2013) become the
Competent Authority for the integrated regulation of environment related applications and approvals.
Under this system DMR is responsible for reviewing prospecting, exploration and mining applications,
waste management applications, environmental impact assessments and environmental management
plans. Mining companies submit applications through an online system (SAMRAD) and applications are
reviewed through the One Environmental system.
Interviewees have indicated that the system is not (yet) working optimally: DMR officials are requesting
manual applications; applications are getting lost; processes are delayed; applications that should be
rejected early on (e.g. because they are in protected areas) are not rejected early on and clog the system,
and may even be approved, against official environmental guidelines. Some interviewees believe the
DMR cannot be the approving authority (as it also has the mandate to promote mining, which may be
seen as contradictory) but others simply call for (a) more staff and (b) more competent staff. This
includes:
Ability to optimally design, review and use the online system
Ability to effectively and efficiently review applications; the latter includes a thorough
understanding of the legislation and of ecosystem processes and environmental impacts
Work-place learning, mentoring and support, as it was found that most staff in this position are
recent graduates with limited to no experience.
The DMR reports that it is in the process of improving the system and appointing new staff, and that staff
are being trained. In a parliamentary briefing and in response to information requested by the Centre for
Environmental Rights in 2014, the DMR indicated that they have appointed 31 staff for the new
integrated environmental regulation function in the Department. The following response was received in
response to a request for assistance in this study (from the office of the DDG, May 2015).
What is the number of employees with environment-related regulatory roles in the DMR, in national
and provincial or regional branches? There are about 105 employees engaged in the Mine
Environmental functions in the DMR who are performing functions of environmental management,
monitoring and enforcement.
What are their roles/occupational titles and their qualifications? Their occupational roles /
responsibilities range from Environmental Officers, Assistant Directors and Deputy Directors to Chief
Director. Their qualifications range from Bachelors to Master’s degrees in Environmental
Management and Environmental Science or Natural Science
How many of them are new appointments, i.e. since 2013 and is there a plan to make further
appointments? About 33% of the employees were appointed in 2013 and a further 20% will be
appointed in 2015.
Have any skills / training needs been identified for the DMR’s compliance staff? (both SHE and
environment only focus) The skills / training needs have been identified and currently 30% of the
employees have been trained as Environmental Mineral Resource Inspectors [through the University
of Pretoria] and 100% completed Environmental Impact Assessment and Waste Management Act
training [provided by DEA].
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What are their career paths and associated challenges? The career path ranges from Regional
Manager to Deputy Director General within the Mineral Regulation Branch and Director to Deputy
Director General within the Policy and Promotion Branch. There are no challenges experienced by the
DMR regarding this discipline which has low turnover except promotion to other Government
Departments and the private sector from time to time.
Shifts and potential tensions in an entity’s mandate in itself has skills implications: it requires
considerable skill on the part of the staff with the new function, and considerable top management
support (and skill), to effectively execute the new function in an organisation that, like mining companies,
has to undergo a shift towards environmental sustainability. Skills for such staff include high levels of
technical understanding but also social and relational skills in stakeholder management, strategic
thinking, and ability to call on resources and support. Training interventions that build a community of
practice within the newly appointed cadre of regulators, and link them up with supportive network of
scientists and other specialists, may be particularly strategic for the DMR and the MQA, as this is a
pivotal occupations in the entire system.
Since the Department of Environment Affairs (DEA) remains the appeals authority for mining approvals,
the need for regulatory skills in DEA remains. DEA provided the following information for this study:
DEA has staff with an overall regulatory role, in relation to environment broadly and not mining
specifically. The Directorate: Appeals and Legal Review has a significant role in terms of the
administration of Mining Appeals.
In terms of the “One Environmental System”, the Minister of Mineral Resources will issue
environmental authorisations and waste management licenses in terms of the NEMA, 1998 and the
National Environmental Management: Waste Act, 2008, respectively, for mining activities and the
Minister of Environmental Affairs will be the appeal authority for these authorisations.
The Directorate: Appeals and Legal Review is responsible for administering appeals and making
recommendations on appeals to the Minister of Environmental Affairs. It is currently staffed by a
Director, a Deputy Director, two Senior Legal Administration Officers, one Legal Administration
Officer, one Assistant Director and one Environmental Officer. All of these officials have legal
qualifications.

The DEA has not indicated whether the available capacity and/or skills are adequate.
The Department of Water and Sanitation (DWS, formerly Department of Water Affairs) has managed to
provide extensive information, though a directorate with an integrated strategic function, drawing on a
recent update of the National Water Resource Strategy (chapter 15). An official noted as follows:
The DWS should play a pertinent role with respect to mine water management; with the regulation of
water use in the mining sector being a prominent sub-set. The broader DWS mine water management
role has linkages with, and spans multiple disciplines; including
Water Resource Planning – 3 directorates
Resource Quality Monitoring – 2 directorates
Determination of Resource Directed Measures (RDMs) – 3 directorates
Water Use Regulation – 1 sub-directorate
Compliance Monitoring – 1 sub-directorate
Enforcement - 1 directorate
Policy and Strategy Establishment and Coordination - 1 directorate.
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The above ‘disciplines’ are attended to by a diverse staff complement including: Engineers, Engineering
Technicians, Scientists, Scientific Technicians, and Environmental Officers. Technicians require university
of technology qualifications and engineers, scientists and the environmental officers require university
qualifications.
Data on vacancies was not included in the information from the DWS. However, an official noted that
“Various vacancies exist. There are probably enough posts, but need to be filled with COMPETANT
officials”. He went on to indicate that the DWS was losing staff with institutional memory to retirement,
and “measures are required to equip current and new staff to do their work well. Although there are
already various opportunities available to better the skills of officials, the development of a programme to
further the skills of officials that deal with the mining sector specifically should be to the DWS’s
advantage”.
A second official in the DWS provided qualitative assessment of scarcity (Table 6):

T ABLE 6: S CARCITY OF S KILLS FOR THE R EGULATION OF M INING IN DWS

Skill / area of competence (In
relation to Mining Regulation)

Level of
scarcity

Reason for scarcity

Environmental law

Scarce

Environmental economics
Catchment planning and management
The use of predictive models

Scarce
Scarce
Scarce

Mine rehabilitation

Scarce

Life cycle assessment

Somewhat
scarce
Not scarce
Not scarce
Not scarce
Not scarce
Not scarce
Not scarce

Not enough due to competition with other
sectors/industries /departments (e.g. DEA)
Difficult to attract skills in the market
Staff in place but lack the necessary skills
Not enough produced by universities and
also due to competition with other sectors
and private industries
Cannot find or attract skills in the market
place
Staff in place but lack the necessary skills

Economics
Financial provisioning
Environmental impact assessment
Social and socio-economic aspects
Water quality
Chemistry

DSW also made available for the purposes of this study its National Water Resource Strategy (2) which
was in the process of being published. Chapter 15 addresses Skills and Capacity Building and the Key
Performance Indicators include:
Agreement with the Directorate of Public Prosecution, Department of Higher Education & Higher
Learning, Dept. of Justice and various Universities on the relevant curriculum and plan to develop
legal expertise to deal competently with infringement cases within the water sector (KPI 48)
Development and implementation of staff training to attain skills for regulation of water use
associated with fracking (KPI 38)
Number of engineers and scientist retained within the sector and mentorship programme for junior
engineers (KPI 21)
A well-structured skills development and capacity building programme incorporating experiential
knowledge and the number of candidates registered and graduating within such a programme, for
each water use sector (KPI 37).
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The National Water Resource Strategy 2 did not list the MQA as a water use sector qualifications
authority. However, after being invited to participate in this study the official he noted that this is an
oversight they would like to rectify; that DWS would be interested in the findings of this study, and that
they would like to explore collaboration with the MQA in the pursuit of their key performance indicators. A
meeting to this effect has subsequently been held.

GREEN SKILLS IN THE CORE PROCESSES OF COAL MINING
The study identified a large number of environmental skills, both occupations and competencies,
required in the core business of coal mining. They range from post-graduate level research and
development (R&D) skills to entry-level workers’ ability to implement and monitor aspects of
environmental management plans.
In this report the term ‘environmental management plan’ (EMP) will be used to refer to compulsory
environmental management practices according to a plan submitted to the DMR. Associated with the
EMP are an environmental management programme (EMPr) and environmental management system
(EMS). The distinctions made between these in the literature, do not affect the kinds of skills required.
Mining companies hire consultants for many of the tasks below and a number of consulting firms exist
for this purpose. Bigger mines may employ teams of up to 10 environmental staff permanently at the
mine (data from De Beers), while smaller mines such as the coal mine visited for this study, share out
environmental tasks between existing staff (‘top-up skills’) and consultants.
A variety of data sources informed the identification of skills below, including a review of the Biodiversity
and Mining Guidelines (DEA et al, 2013), the South African Coal Road Map (2011, 2013), field visit and
interviews.

T ABLE 7: G REEN S KILLS AND A SSOCIATED O CCUPATIONS IN THE C ORE B USINESS OF C OAL M INING

Core Processes

Associated Green Skills Required

Associated Occupations

Research and
Development (R&D)

Research, development, review and
adaptation of energy efficient technology;
water efficient technology; resource (coal)
efficient technology; clean coal mining and
clean coal processing technology

Scientists in chemistry, physics,
engineering; mathematical and
computer modelers including
process and system modeling;
lecturers and research
supervisors in these subjects;
design engineers; machine
makers

Exploration &
prospecting, including
feasibility studies and
associated costing

Development of EMP for exploration;
adaptive implementation of the EMP.
Various methods for geological studies and
mapping, indirect methods (e.g. seismic
surveys), geological inference and
extrapolation. These are not specifically
'green skills', but the ability to identify the
quality of coal deposit is vital for accurate
feasibility study and preparation

Geologists, geo-hydrologists,
hydro-geologists

Rapid assessment of the environmental
significance of the area under
investigation before detailed EIA is
conducted.

Environmental managers with
in-depth understanding of
mining and associated
environmental impacts and
risks; environmental impact
assessors
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Ability to generate, access, interpret, use,
and communicate information on critical
biodiversity, freshwater, wetland and river
areas; national and trans-frontier protected
areas
Identify and assess options in the mine
location, siting, scale, layout, technology
and phasing to avoid negative impacts on
environment; understanding hydrological
and ecological processes and associated
guidelines
Full economic valuation of mining and
alternative land uses, and costing of the
impact assessment and possible
specialists studies for risk identification;
costing of anticipated restoration,
remediation, reclamation and mitigation
(including for offsets, both the costs of
securing and managing offset sites); ability
to compare social and economic
development benefits of mining with other
development options
Mine planning and
development

Life scientists (in biodiversity,
freshwater, wetlands, air
quality) and earth scientists
(soil scientists, air quality
specialists); scientists
specialising in special
biodiversity features e.g. taxa,
and/or cultural heritage;

Resource /environmental
economists, environmental
accountants

Strategic planning with the
end/sustainability in mind including
understanding of all processes below;
ability to determine closure objectives in a
particular context and set measurable
targets in ways that allow adaptive
management for greatest environmental
benefit; design of more resource, water
and energy efficient coal mines; design of
coal mines with less harmful impact;
feasibility studies and accurate costing of
EMP, remediation, rehabilitation and
reclamation post-closure. Ability to think
systemically, across functions. Stakeholder
engagement.

Mine analysts and mine
planners; engineers; geologists;
hydrologists including
groundwater specialists;
biodiversity specialists;
biodiversity planners;
freshwater ecologists; wetland
scientists; soil scientists;
integrative planners and
conservation planners;
stakeholder engagement
facilitators

Mine construction and
operation/production
including processing

Development of EMP/EMPr/EMS for mine
construction & operation; implementation;
review; enforcement; prosecution &
litigation; adaptive management skills to
apply lessons learnt in other mines;
understanding the ecological processes
and environmental risks associated with
the particular mine site and activity

Geologists; environmental
managers with in-depth
understanding of mining; mine
managers & deputies; site
managers; project managers,
environmental managers;
technicians; artisans; monitors;
workers; SHE officers and
managers

Waste management

R&D into consumables producing less
hazardous waste; purchasing of ‘green’

Researchers, supply chain /
procurement managers, store

Resource economists /
environmental economists
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Including:

equipment and consumables;
development of EMP including waste
management component; management of
recycling on mine, in stores and offices;
oversight of waste management
component of the EMP; air quality
monitoring above and below ground;
monitoring and reporting on waste
management and issues; education and
training for mine and corporate staff

managers; environmental
managers, mine, site and
project managers; mine
workers, monitors,
environmental control officers,
occupational health and safety
officers staff, trainers

Energy management

R&D into energy efficient coal mining and
processing; purchasing of energy efficient
appliances and equipment; development
of EMP including energy management
component; oversight of the energy
management component of the EMP;
monitoring and reporting on energy issues
and energy use and associated issues;
education and training of mine and
corporate staff

Process engineers, supply
chain / procurement
managers, store managers;
environmental managers,
mine, site and project
managers; mine workers,
monitors, health and safety
officers and trainers.

Water management

R&D into water efficient coal mining and
processing; specialists hydrology and
chemistry skills to develop the water use
and water quality components of the EMP;
oversight of the water use and water
quality components of the EMP; inspecting
and enforcing the water use and water
quality component of the EMP; liaison with
authorities; water quality monitoring;
reporting on water related risks, issues and
incidents; knowledge of the NWA and
attendant regulations affecting mines;
education and training of mine staff

Researchers; engineers;
hydrologists and ground water
specialists; water quality
specialists; wetland specialists;
freshwater ecologists;
environmental managers,
mine, site and project
managers; mine workers,
water quality monitors,
environmental control officers,
trainers.

Logistics

Prevent or reduce waste, pollution and
ecosystem degradation in the use of coal
conveyer belts and pipelines;

Environmental managers,
mine, site and project
managers; process engineers;
civil engineers; construction
site managers; mine workers,
monitors, environmental
control officers, health and
safety staff, trainers

emissions control,
recycling,
safe disposal of harmful
waste

Prevent or reduce waste, pollution and
ecosystem degradation in the construction
of roads and rail networks;
Manage the fleet and trucking so that
waste, pollution and ecosystem
degradation and fuel use are minimised.
Prevent waste, pollution and ecosystem
degradation in the use and development of
ports
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Concurrent or ongoing
rehabilitation;
remediation

Understand the difference between
restoring the area to its natural
(indigenous) state and to re-vegetate’.
Soil analysis and soil decontamination
Groundwater and surface water
hydrological analysis; water quality
analysis, monitoring and decontamination
Geo-chemistry to prevent and treat AMD;
Adaptive management skills to apply
lessons learnt in other rehabilitations
Green engineering to prevent and
rehabilitate soil subsidence and sinkholes
Accurate costing of rehabilitation based on
understanding of the above
Development facilitation or social
entrepreneurship to unlock funding for
more extensive and intensive rehabilitation

Botanists; soil scientists; geochemists; horticulturalists;
hydrologists including
groundwater specialists;
rehabilitation managers and
supervisors, workers, earth
moving equipment operators

Geo-chemists, metallurgists
and chemical engineers
specialising in water quality

Project and site managers,
monitors, civil engineers
Environmental economists,
green accountants,
development facilitators, social
entrepreneurs

Mitigation including
biodiversity off-sets

Environmental impact assessment;
biodiversity conservation planning; ecology
and biodiversity specialisms including
wetland science and management;
stakeholder engagement to set up and
management off-sets; protected area
management; environmental
management; environmental project
management; accurate costing of
mitigation; water and soil decontamination
as above for remediation

Environmental impact
assessors; biodiversity
planners; ecologists; wetland
specialists; stakeholder
engagement facilitators;
strategic planners; project
managers and facilitators;
conservationists;
environmental economists, soil
scientists, chemical / water
quality engineers

Mine closure and
reclamation

Accurate costing of the rehabilitation and
reclamation involved once mining stops;
landscaping; water decontamination; soil
decontamination; project management;
stakeholder engagement; financing

Environmental economists, risk
assessors, landscapers,
industrial chemists, soil
scientists, environmental
project managers

It is important to note the prominence of planning and managing for mine closure throughout the mining
operation. Part of the approval to mine is based on the approval of a closure plan, and adequate
financing for such a plan. To minimise both the eventual cost and the damage, concurrent rehabilitation
needs to take place, along with remediation and the mitigation of impacts. Sometimes mitigation has to
take the form of off-site conservation activities, so-called biodiversity off-sets.
Rehabilitation, remediation, mitigation and reclamation post-closure is a considerable value restoration
chain of activities, for which there needs to be adequate financial and skills planning. There are an
estimated 6000 ‘derelict and ownerless’ mines in South Africa. Many of these have ongoing
environmental and health impacts and risks. Abandoned coal mines result in acid mine drainage and the
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contamination of water resources with toxic metals, for example; so do discarded coal fines, which also
contribute to dust. Currently the DMR is funding the rehabilitation of about five mines per year through a
single project led by Mintek, which is focussed on abandoned asbestos mines.
Another consideration raised by respondents in this study with regards to rehabilitation is that, while the
company that originally received the right to mine commits to close the mine in a responsible manner,
these original owners often sell mines on to other companies (including so-called junior miners or new
entrants) rather than to close the mine, thus releasing themselves of the responsibility. New owners have
been found not to have the experience, resources – or commitments to the community –for responsible
closure.
Such challenges are significant and the industry needs the will and the skills to address them. The
rehabilitation of mines is a critical issue if the mining and minerals sector is to respond adequately to
community health, environmental issues and risks; at the same time it is an opportunity as it has
enormous job creation potential. To do this, the financial resources to drive the restoration of mined
areas, need to be unlocked. Thus an entire range of green skills are required:

Resource economics/environmental economics, modeling and costing
Green financing including financial modeling and costing
Planning, systematic planning hydrology, geology and process engineering
Soil and water decontamination (requiring chemistry, metallurgy and other skills)
Landscaping, botany and physical rehabilitation – this is where many local, entry-level jobs can
be created
Ongoing site monitoring and security – again providing local employment
Adaptive management – to make changes to closure plans as new information comes to light;
De Beers for example updates mine closure plans every three years
Stakeholder engagement to inform desirable outcomes and goals
Integrated development planning (as rehabilitation goals need to be linked to local economic
development plans) – see below
Stakeholder engagement
Project and site management which includes extensive relational competences.

The case example of the closure of a gold mine in the Free State (Seccombe, 2014a, b, c) illustrates the
stakeholder buy-in and security risks that can be expected in the process of closing a mine in an area that
will, in the absence of adequate development planning, be left depleted as the company withdraws.
In summary, there is clearly a demand for mine rehabilitation skills, as each mine has to conduct
concurrent rehabilitation; closure and rehabilitation (as well as remediation and reclamation) plans are
part of mine applications and environmental management; and these processes have to be costed,
implemented, managed, monitored and regulated. In addition there is a demand to provide ongoing
improvements in rehabilitation processes, as past rehabilitation efforts have often not been able to
safeguard the mining environment sustainably. Secondly, there could be an even greater demand for
rehabilitation skills, should funding be unlocked for a national ‘Working for Restoration of Mined Areas’
programme, which could create work on an unprecedented scale, similar to and beyond the current
‘Working For’ Expanded Public Works Programmes.

GREEN SKILLS FOR COAL BENEFICIATION AND L OCAL DEVELOPMENT OUTCOMES
Next we present findings regarding the green skills that are required to optimise the socio-economic
benefits of mining, with a focus on local economic development (LED). Mining companies employ large
numbers of semi-skilled people with few other development options, and are required to produce Social
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and Labour Plans (SLPs) indicating how the enterprise intends to develop their workforce and their home
communities. Mines are also prominent role players in the local economy of any area in which they
operate, and are thus required to participate in the Integrated Development Plan (IDP) development with
local government and other role players. Our study has shown that this aspect is often underplayed by
mines. For example, SHE officers may be tasked to participate on the IDP Forums, with little guidance or
skills to equip them for the task. The review of adherence to the Mining Charter (Table 2) shows that
mines’ attempts at supporting local development are often limited and out of step with actual needs.
In this final section we also look at the beneficiation of coal in relation to energy. In a more extensive
study, one would look at the beneficiation of the commodity in a bigger spectrum of downstream and
side-stream value chains, in order to identify the associated green skills needs. To some extent, one can
extrapolate from the skills required for the use of coal in electricity generation, to the use of coal in other
industries such as steel or sugar. In other respects, some very specific skills may be needed, and further
work would be required to provide more specific pointers to the MQA.

T ABLE 8: G REEN S KILLS AND A SSOCIATED O CCUPATIONS IN V ALUE A DDITIONS TO C OAL M INING

PROCESSES

ASSOCIATED GREEN SKILLS

ASSOCIATED
OCCUPATIONS

Research and
Development (R&D) –
Cleaner coal use
technology

Green chemical engineering - understand
chemistry of coal currently mined and
associated improved use, for reduced
emissions, environmental impact;
Improved combustion efficiency;
improved monitoring of emissions; See
Table 9 for examples of related ‘clean
coal’ skills

Engineering researchers,
chemical engineers, civil
engineers, process and
mechanical engineers,
environmental economists,
geologists, mathematical and
computational modelers,
lecturers and supervisors

Research and
Development (R&D) –
New plant design

Green engineering - design
environmentally compliant new coal
plant; design plant life extension
modifications with environmental
compliance/cleaner production; matching
fuel quality with process e.g. boilers –
gassification

Engineering researchers
(chemical, mechanical, civil),
process engineers

Direct use: Food &
Chemical Industries;
Cement & Lime; Brick
and Tile; Sugar; Paper &
Pulp. The use of coal in
the production of steel.

Environmental management; energy
efficient design & production; water
efficient design & production; cleaner
production (air quality & emissions
control); cleaner production (water
quality), discharge monitoring & control.
All green skills for enabling and
regulatory processes (Tables 4, 5 and 6).

Not explored in this study

Fuel (petrochemicals)
production

Not explored in this study, but see above.

Not explored in this study

Local economic
development (LED)

Understanding ecological processes,
environmental issues & sustainability
practices; ‘green economy’ employment
and entrepreneurship opportunities;
green building and design; waste

Community engagement and
SHE officers, facilitators,
sustainable development
planners, sustainable
agriculture specialists, eco60

management; water and energy
efficiency; permaculture; tourism;
heritage management. Ability to link LED
with mine rehabilitation, remediation,
reclamation and monitoring. Related
stakeholder engagement and community
facilitation; integrated development
planning and environmental
management.

tourism planners, environmental
economists, systematic /
biodiversity planners, green
architects, green engineers, soil
scientists, mine and project
managers, environmental
managers, environmental
educators, trainers, small
business incubators

A report on the state of energy research (ASSAF, 2014a) states that we have “a lack of understanding of
the qualities of coal now available for use in South Africa”. The quality of the available coal impacts on
production and use. According to the report, South Africa is now burning the lowest quality coal in the
world (i.e. high ash and sulphur and low calorific values), which is not compatible with many of the
existing processing and combustion technologies. Low quality coal has contributed to the challenges
Eskom has in providing a steady supply of electricity, and South Africa’s unusually high emissions are due
to a mismatch between the quality of coal being burned, and power plant design, which leads to “(ultra)
low combustion efficiencies in boilers and gasifiers” (ASSAF, 2014a, p.64).
In addition, the bulk of the remaining coal and most of our power plants are in areas without an ample
supply of water. Thus the Minister of Minerals and Resources called for research into coal mining
technologies and practices that take water scarcity into account. Respondents in the ASSAF study
(2014a) recommended investment of time and money in the following research fields, several of which
relate to exploration and mining, and others to beneficiation (see Table 9).

T ABLE 9: G REEN S KILLS R EQUIRED IN THE B ENEFICIATION OF C OAL FOR E NERGY ( FROM ASSAF, 2014 A )
Coal beneficiation, including:
o fuel characterisation and assessment: establishment of a performance and testing
function to support optimisation of existing coal plant thermal efficiency; online coal
quality impact monitoring; real time coal analysis; predicting coal quality impacts;
o future fossil fuel conversion technologies;
o wet to dry coal optimisation; dry processing of fines;
o fines/discard dump utilisation.
Combustion and gasification, including:
o fluidised-bed combustion and combustion characterisation;
o underground coal gasification [which carries high environment and safety risks]]
Characterisation of untapped coal reserves to ensure clean usage; alternative coalfields; gas –
scanning developments nationally and locally for business viability.
Emission reduction including carbon abatement through new clean coal technologies.
The South African Centre for Carbon Capture and Storage is exploring CO2 capture and storage
[This is a contested process which some believe to be essential for meeting our emission
reduction targets, and others critique as unrealistic (e.g. Eberhard, 2011).]
Co-firing coal, gas and biomass.
Co-generation (use of waste heat in the coal-fired plant).
Optimised combined electricity/chemical production.
Increased efficiency in production and use of coal.
Coalbed methane gas infrastructure, gas storage and transport.
Eskom requires better control in their processes, which in turn requires an improved analysis of
their streams in terms of composition and process parameters.
Investigation of the 6 000 other industrial users of coal in the country is needed.
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In summary then, the study has found that a large range of green skills are required for coal mining. They
feature as specialist environment-related and regulatory occupations, and as competencies within
mining-specific occupations and general occupations enabling the mining business, in beneficiation
processes, and in local economic development.
Many of the identified skills are relevant across commodities, with only very specialised research,
development and remediation tasks, being specific to the coal value chain.
This initial scoping study has not been required to quantify the demand for these skills, only to identify
them. In the next section, where we identify the supply pipeline for these skills, we will however consider
available indicators as to whether skills are in demand, to what extent there is an adequate supply, and
what the supply interventions might be to improve the available green skills, where necessary.

3. SUPPLY FEATURES, LEARNING PATHWAYS AND TRAINING PROVIDERS
SUPPLY OF SKILLS FOR MINING
As of February 2015, there are more than 220 training providers for the Mining industry. The MQA issues
around 50,000 certificates per annum, across 85 different qualifications and 1200 skills programmes.
We identified 296 Unit Standards for Mining, only one of which relates to Environmental Awareness: Unit
Standard 336910, at NQF Level 4, Demonstrate knowledge of environmental awareness in the mining
industry. This would form the basis of the limited environmental awareness raising as part of induction
courses, by often junior SHE (Safety, Health and Environment) staff (see Mphinyane, 2013, for a critique
of the scope of this environmental content.)
While environmental content does not have a strong presence in the mining and mining qualifications,
some content does exist, and serve a range of learning outcomes from simply being aware of
environmental requirements, to skills for environmental planning, management, harm reduction and
rehabilitation. The first tab in Appendix C demonstrates this range of content. This spreadsheet collates
23 accredited qualifications that relates to mining, from certificates and diplomas to degrees. It identifies
the environmental content, the level, providers, and associated learning pathways. The rest of the
spreadsheet provides the details of all mining and mining related qualifications screened for the
purposes of this study, including Unit Standards; Certificates; Diplomas and Degrees.
HEMIS data on the number of students who qualify with these qualifications, and the associated trends,
could strengthen this report, particularly in relation to the qualifications with relevant environmental
content.
A review of the available courses and qualifications has identified a number of features of the skills
development landscape worth noting, in relation to the skills needs identified in this study.
A first feature of the demand was that environmental awareness and basic understanding of
environmental issues, risks and practices related to one’s core business was required across all
occupations and functions. It was therefore useful to note the presence of some environmental content in
the following mining qualifications:
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T ABLE 10: B ASIC E NVIRONMENTAL C ONTENT IN M INING AND M INING R ELATED Q UALIFICATIONS
Qualification

NQF Level

Provider

Environmental Content

National Certificate:
Mining Operations
for Underground
Hard Rock

2

Colliery
Training
Centre and
employers

Occupational safety, health, environmental and
legislative requirements; and Extraction of rock/minerals
in accordance with production, occupational health and
safety, quality and environmental requirements

National Diploma:
Mineral Surveying

6

University of
Johannesburg

Analyse survey work, manage mineral control factors and
ensure working conditions meet environmental
standards.

Some environmental content also features in programmes like the Level 6 Diplomas in Mine Health &
Safety and Mine Planning & Management offered at the University of Venda. UniVen offers a number of
mining specific qualifications in its School of Environmental Sciences (with support from the MQA), with
an environmental focus. The university offers for example qualifications at several levels in mine
rehabilitation. Nelson Mandela Metropolitan University offers courses in Geology with a strong focus on
ecology and related impacts (see Appendix C).
With exceptions as noted above, qualifications in Mining and Environment tend to be distinct; and ‘top-up’
skills or integration can be addressed through modules and short courses. Short courses are offered at
various levels, by a range of providers, including many private providers. On the list of MQA accredited
providers, however, there are no environment related courses, with the exception of occupational health,
safety and environment related skills programmes, as follows:

T ABLE 11: E XAMPLE OF AN A CCREDITED S KILLS P ROGRAMME
Company Name

Occupational Health & Safety, Environment & Quality - Scope
Operations Mobile Equipment for Surface Excavation (MQA/SP/0148/13)

MUTUAL
CONSTRUCTION
COMPANY
(PTY) LTD

Skills Programme: Occupational Health and Safety, Environment and Quality
(Basic) (MQA/SP/0060/07)
Skills Programme: The control of explosives magazines on mines and quarries
(MQA/SP/0149/13)
Skills Programme: Competent Person A: The Examination, making safe and
declaring safe of surface mines, quarries, dumps and stockpiles (SP/CLA-G015
(B))
Skills Programme: Blasting Assistant in Surface Mines and Quarries (SP/CLAG017)
Skills Programme: Occupational Health and Safety activities for: Part Time /
Workplace Representatives and Shop Stewards in the Mining and Minerals
(MQA/SP/0120/10)

In addition to accredited public higher education institutions, there are also a number of private training
providers including mining companies themselves, and consulting firms that offer training. The
advantages of this training often include the practical experience of the parties offering the courses; on
the other hand the educational merit of short courses need to be carefully considered as course
designers may not always have such expertise. In other studies we have found that accreditation is not
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necessarily an indication of quality, and that the absence of accreditation also does not mean that a
course does not have merit. Courses therefore need to be assessed on a case by case basis.
Post-graduate programmes have not been included in Appendix C, but we have considered post-graduate
courses offered by University of Venda and Wits. Universities often offer high quality short courses are
most likely to be found at universities (see below for an example).
The Wits Centre for Sustainability in Mining and Industry is one of a few higher education institutions that
provide extensive training opportunities for ‘green skills’ in mining. The Centre’s courses can be
customised and offered on-site. They are registered with ECSA (Engineering Council of South Africa) and
qualify for Continuing Professional Development (CPD) points. They are offered at two levels
Masters-level Courses:
Mining and the Environment
Sustainable Development in
Mining and Industry
Geographic Information Systems

Certificate-level Courses offering CPD points:
Mining and the Environment
Mine Closure, Rehabilitation and Financial Provisioning
Sustainable Development for Regulators in Mining with a
focus on Climate Change
Environmental Compliance Monitoring and Enforcement

There is a need to explore the ‘apprenticeship’ model followed on mines, where talent is identified in a
staff member, who is then trained and mentored on the job and/or sent for further training (but not
always certificated accordingly). This ‘apprenticeship’ model may be a preferred way for mines to build up
their in-house environmental competence, and staff would need to be adequately qualified and
compensated, in order to retain staff in these positions. Thus, there needs to be recognition of their
occupation and qualifications. Mine staff with training roles may also need ‘training of trainers and
mentors’.

SUPPLY OF SKILLS FOR REHABILITATION
A number of universities provide mine rehabilitation training as part of general mining courses or as
more specialised courses for the higher level skills for rehabilitation research, planning and management
(for example Wits, University of Venda, North West University). In addition, both universities and private
providers provide short courses with a rehabilitation and remediation focus.
For example, a qualified engineer may be offering short courses in mine waste management to mine
managers, environmental managers and engineers. Short courses have strengths and weaknesses.
Among the advantages are that short courses can be fitted into employees’ development plans more
readily, are not as daunting as a full degree, and are often offered by groups or individuals with extensive
practical experience in the field. They are also a useful opportunity to establish and strengthen networks
and communities of practice. It is however important to screen short courses for their educational design
and quality. The outline of a course offered by a private provider in Table 12, demonstrates the range of
mostly technical topics that relate to a competency like mine waste management (and rehabilitation and
remediation) but also the nature of the course design. While this course is offered by an experienced
practitioner, the curriculum design is problematic. The number of topics to be covered in two days seems
too high for meaningful learning. Without consideration of adult learning principles, short courses may
not adequately prepare a practitioner with the necessary skills to do a job, even though he or she might
have paid for and attended a course. (Such critiques can of course also be levelled at longer and
accredited courses, but these generally have more attention to course design given their institutional
homes.)
Given the importance of mine rehabilitation, remediation and reclamation for environmental protection,
human health, sustainable development and employment creation, it is worth reviewing the curricula of
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the courses on offer to see if they address the relevant skills, which need to include but also extent
beyond landscaping, planting and monitoring, to include stakeholder engagement, costing, adaptive
management and research skills. An investment in updating curricula with the full spectrum of skills, and
latest technological information, could be worthwhile. Institutions to draw on could include the
Agricultural Research Council, the Centre for Restoration Ecology and Clean Coal research programmes
at NWU, University of Venda, and consulting firms working in rehabilitation.
However, before an investment in extended rehabilitation training is made, it is necessary to ensure there
are employment opportunities for rehabilitation workers and managers. While there clearly is a
considerable need for rehabilitation, there may not be funded jobs at the same scale. The study suggests
that mines may underestimate the work required in rehabilitation and underfund the work (see e.g.
Seccombe, 2015b); Treasury’s fund through Mintek is a small effort compared to the scale of work
required and the scale of employment that can be unlocked.
Therefore a critical skill at the start of the rehabilitation value chain is the ‘transformational leadership’
required to create adequate funding and institutional arrangements, including to pay for, manage and
govern rehabilitation on a suitable scale. The mining and minerals sector could consider developing an
EPWP programme that employs retrenched workers and communities in previously mined areas to
rehabilitate the land and water courses, using ongoing research into new processes for reclaiming the
land to a better quality, sustainably.

T ABLE 12: E XAMPLE OF A S HORT C OURSE C URRICULUM
Day One:

Day Two:

Defining Mine Waste Disposal facilities
• Defining Mine Waste Disposal facilities
• Tailings Facilities
• Waste Rocks Dumps
• Heap Leach Pads

Heap Leach Project Design
• Design criteria and metallurgical testing
• Geotechnical site characterization and site
hydrology consideration
Principles of designing and developing a heap leach
• The process involved in the development of the heap
leach
• Design consideration and selection of interface
strength-undertaking the pre-feasibility studies of
sites
• Harnessing the benefits of developing a good heap
• Reviewing the various operations involved in the
heap leach
• Heap leach pad design parameters.
• Heap Leach project development
• Undertaking techniques aimed at extracting the ore
from the heap inventory
• Design consideration that ensure maximum
extraction of the ore from the rocks
Designing and Construction of a heap leach Facility
• Undertaking physical, hydrological and geochemical
modeling
• Reviewing economic benefits of the method
• Heap leach pads and ponds
• Earth Works and Infrastructure

Design of Tailings and Mine Waste Facilities
• Engineering decision making in the design,
operation and closure of tailings, waste rock and heap
leach facilities
• Modeling, testing and observation of tailing beach
deposition
• Tailing deposition strategies
Construction and Operation of Tailings and Mine
Waste Facilities
• Tailings dam and pipeline construction
• Abandoned mine remediation, waste pile re-sloping
and vegetation
• Water collection systems, dewatering/ perimeter
ditching
• Compensation lake construction
• Undertaking site closure plans
Undertaking Closure of Mine Waste Facilities
• Categories of closed and abandoned facilities
• Closed and abandoned waste facilities
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• A review of guidelines of closure of extractive waste
facilities
• Case Studies for closure of mine waste facilities
Geotechnical Engineering for Tailings and Mine
Waste Facilities
• Geotechnical investigations
• Ensuring effective strategic planning for tailings and
water management
• Assessment of risks and hazards
• Evaluation of failures
• Undertaking feasibility studies and critical financial
assessments
Water Management for Tailings and Mine Waste
Facilities
• The balancing of water and its utilization
• Characterisations of geotechnical, hydrogeological
and geochemical effects
• Evaluation and testing of emissions
Groundwater Interaction and Groundwater
Modeling for Tailings and Mine Waste Facilities
• Groundwater modeling analytics
• Dewatering analysis and execution
• Well design and installation
Engineering Management for Tailings and Mine
Waste Facilities
• Risk Assessment
• Decision Making
• Cost Estimating
• Project Management
Improving Water Recovering Methods by the Use of
Alternative Tailing Disposal Methods
• Conventional versus ATD Methods
• Implementing Alternative ATD methods (filtered,
thickened, paste)
• Limitations and Industry best practices of ATD
technologies
• Slurry transport
• Thickeners for Water Recovery

Operations and Metal Recovery
• Heap construction
• Leach application
• Metal recovery operations
• Last metal recovery
Assessing the Impact of heap leaching on the
Environment
• Defining heap leaching
• Calculating the advantages of heap leaching
• Maximising the exploitation of the ore body
• Environmental impacts of heap leaching
• Understanding the Legislative and governance
issues relating to heap leaching

SUPPLY OF SKILLS FOR CLEAN COAL TECHNOLOGY
According to ASSAF (2014a) fossil fuel research (which focusses predominantly on coal) is undertaken
and supervised at nine universities in South Africa and a number of other institutions, as follows:
The South African National Energy Development Institute (SANEDI); Eskom; Sasol; CSIR; Wits University;
North West University (NWU); University of the Western Cape (UWC); University of Cape Town (UCT);
University of Stellenbosch; Nelson Mandela Metropolitan University (NMMU); University of Pretoria (UP);
Tshwane University of Technology and University of South Africa (UNISA).
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At NWU, for example, the National Research Foundation funds a research chair in clean coal technology
and with co-funding from Sasol, some 25 post-graduate students are being trained as researchers. At the
same institution, Eskom sponsors a programme in power plant engineering, which conducts research on
emissions control (environmental monitoring and process improvement) with six post-graduate students.
Research into coal mining is conducted at the UP with support from Exxaro (ASSAF, 2014a, p.67-68).
Most respondents in the ASSAF (2014, a)study reported that ‘human resources’ as the main limiting
factor in terms of their research capacity. They have neither enough students, nor enough professional
level supervisors. Funding is also limited and this has an impact on infrastructure, equipment and space
available, as well as on the human resources. For example, supervisors cannot be retained because
research centres are not adequately equipped with the resources they need to be productive. Capacity in
complex mathematical and computational modeling techniques is particularly limited.
There are more private sector funders of coal related research than in any other field in the energy sector;
however respondents reported that private sector funding has decreased and that academic institutions
are under pressure. ”Additional infrastructure is urgently required to ensure quality of work and the
working environment” (ASSAF, 2014a, p.70).

SUPPLY OF SKILLS FOR REGULATORY WORK
There are a number of supply issues with regards to the regulatory functions in government. While some
departments report adequate skills with suitable qualifications, e.g. legal, particularly at the senior levels,
others note that they are unable to attract and retain professionals from the available pool of
environmental economists, lawyers and scientists that make up part of the regulatory value chain. This is
particularly the case with the regulation of the water-related aspects of mining, and we recommend this
is given special attention through collaboration with the DWS and EWSETA.
Special attention should also be given to new appointments in the DWR to fulfil the relatively new
competence of integrated environmental regulation in this key department. The department reports that
new staff are being trained, e.g. in the Waste Management Act. But another supply issue to consider is
that technical ‘top up’ training only is important but not sufficient for the induction of young graduates
into challenging positions. Mentoring and formal support in establishing relevant networks or
communities of practices is necessary. This may be particularly relevant where employees work with tight
timelines, pressure of large budgets involved in their decision making, and contradictory mandates in
their organisational contexts. Groups who may need such ‘workplace and community of practice based
support’ are the safety, health and environment (SHE) staff who need to introduce controls that may
affect productivity; and the regulatory staff in the DMR which also has a mandate to promote mining;
while in theory regulation and promotion need not be oppositional, in practice they might well be.

SUPPLY OF SKILLS FOR ENABLING PROCESSES
It would be important to extend the review of qualifications in other fields relevant to the list of priority
green skills identified in this study, including environmental engineering, environmental law, green
procurement, sustainable development practitioners, resource or environmental economics, and
environmental training specialists. In other sectors these skills have been found to be in short supply, and
too few relevant training programmes.

SUPPLY SIDE CASE EXAMPLES
In this section, three case examples are provided for illustrative purposes.
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Case Example 1 is presented in the accompanying news clip. The case illustrates a number of supply –
and demand related points (that are borne out by observations elsewhere):
South Africa has talent for innovation
South African schools produce students who care about people and environment (e.g. through
programmes like Eco-Schools, inspired teachers and curriculum content)
Environmental considerations can drive innovation
A teenager has discovered that scientific or technological innovation is not enough to drive change–
there needs to be additional incentives for industries to embrace green innovations. The implications
of this broader insight, also made elsewhere in this report, is that the skills to drive green innovation
are not only in math, science and engineering, but also relational – spanning social realms like
stakeholder engagement, law and economics, in order to develop and implement innovative
incentive mechanisms. Green skills span a multi-disciplinary spectrum, described by Otto Scharmer
as technical, relational and transformative skills for transformative leadership (Scharmer, 2009).
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Case Example 2 – Study and Career Path and the Importance of Connections
Nhlanhla Ncube is a 30 year old graduate employed in an environmental NGO as Mining and Biodiversity
Engagement Officer. He has worked in a number of different organisations before his current position. His
next move may be to a mining company, as he believes this is where most change can be effected, with
the perspective he has gained from the vantage points of government, civil society and industry.
At school Nhlanhla was strong in Maths and Science and thought of going into Medicine, but he also had
an interest in nature. He opted to study in the Life Sciences in a neighbouring country. After completing a
four year degree (honors) majoring in Botany and Zoology, he took a gap year, then started assisting
consultants with Environmental Impact Assessments in diverse fields, such as Construction and
Agriculture. He then took up a position with Zenzele Technology Demonstration Centre at Mintek. He
credits his ability to enter the field to a friend who tapped his professional networks (this pattern was also
observed with other young professionals). In 2012 the Centre needed someone to do Environmental
Management Plans, and he applied for the position of Environmental Officer. The Centre required him to
do additional courses and he enrolled for a course in Mining and the Environment at the Centre for
Sustainability in Mining and Industry in the School of Mining Engineering at Wits. Here a supportive
mentor encouraged him to study further.
He enrolled for an inter-disciplinary MSc degree in 2012, combining modules from the School of Animal,
Plant and Environmental Sciences with Mining modules. While studying at Wits, he did an internship with
WWF-SA (2013). He found the mentorship at WWF-SA very valuable; he also gained exposure through
workshops and conferences, and a platform to do research. In one study he assessed the standards of
Environmental Assessment Practitioners in the mining sector. In another, he compared the South African
Mining and Biodiversity Guideline and the International Finance Corporation’s Performance Standard 6.
In 2014 he continued his MSc studies with a GreenMatter bursary and was appointed at BirdLife SA
where he is currently based. He completed his MSc in 2015 and he has been awarded a Commonwealth
Professional Fellowship for training in the UK. His current work involves representing BirdLife SA on
environmental committees in areas under mining applications, and promoting BirdLife and its
conservation strategy at meetings with government, industry and other stakeholders.
Nhlanhla’s story demonstrates how young people find meaningful work across the mining-environment
interface, as well as their passion to make a difference in this regard. It highlights the value of mentors,
good connections, and broad exposure. Gradually this young professional added to his qualifications and
experience, setting him up to start doing important cross-disciplinary research and engagement work.
One can also note the availability of bursaries in his chosen fields.

Initial 4 year degree in
environmental
sciences

‘Apprentice’ in
consulting firms

MSc. Environmental Sciences at Wits combining modules from
School of Animal, Plant and Environmental Sciences and School
of Mining Engineering
Various conferences, workshops, own and collaborative research
with ample mentoring and funding support including formal
graduate development at WWF-SA

Environmental
Officer at Mintek
Centre

M.Sc. student &
graduate intern at an
NGO

Mining & Biodiversity
Engagement Officer at
another NGO
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F IGURE 4: C AREER AND S TUDY P ATH
Case Example 3 – Relevant Study Path with No Permanent Employment
Andani Mphinyane grew up in rural Limpopo and aspired to become a Mine Engineer. His School
Mathematics results were not strong enough for him to enter an engineering study field, however. In
2006 he enrolled at the University of Venda in an Environmental Science degree. Here he did modules in
Basic Service Mathematics and Business Mathematics, in which he did well enough to gain entry into
Mining and Geology courses. He completed a the four year B.Sc. (Honours) at UniVen, with Mathematics
for Environmental Engineering, and Mathematics for the Biological Sciences. The degree included courses
in Mine Rehabilitation. During this time he attended a Winter School at Rhodes University, organised by
the ACCESS programme (promoting human capital development in the Earth Sciences) and became
interested in the environmental education programme there. Up to this point, he had never been exposed
to environmental education. In 2011 he enrolled for a Masters in Environmental Education at Rhodes. For
the research component of this course, he chose to conduct a study at a mine. He succeeded to find
employment at a mine when a family member’s friend, who is employed at a mine, made a case for him
with an HR manager at a new mine being developed. After six months, he was phoned and offered
employment. He worked for a number of months, during which time he collected data for his M.Ed. study.
A few months after completing the study, he resigned. He has since assisted others in consulting firms
doing wetland rehabilitation and environmental impact assessments, but as his qualification does not
allow him to register with SACNASP (the South African Council for Natural Scientific Professions) he is not
able to work full time in this capacity. He has provided fieldwork assistance to Rhodes University, and is
thinking of registering for a PhD, because he has found that he enjoys research and he would like to
continue doing it.
This case example illustrates a number of differences with the previous case examples:
Not all schools do environmental education – Andani was only exposed during his university studies
Neither contacts (family, friends and growing professional networks) nor career guidance are enough
in themselves to ensure people find employment in the sector
Where school Maths are inadequate, students have a longer route to travel and may never be able to
gain access to initially chosen careers
Career guidance can however expose students to new occupations that they find meaningful and
enjoyable, hence opening up new career opportunities for which they are or can become qualified.
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RECOMMENDATIONS
CONCLUSIONS & RECOMMENDATIONS
CONCLUSIONS ON DEMAND AND PRIORITIES
The study identified a system of value creation processes range from the core business of coal mining
and associated processes, including research, exploration and development; construction and production;
to processing, with integrated water, energy and waste management; logistics (transportation);
rehabilitation and closure; with critical attendant processes like regulation and enforcement; as well as
processes enabling the core business, such as financing and investment; governance; reporting; supply
chain management, human resource management and training. The system is further extended with the
downstream and side-stream value chains of beneficiation (such as the production of energy and liquid
fuels) and the local socio-economic or community development that mining companies are required to
do.
In view of this extensive list of functions, one is tempted to agree with Dr Joseph Matjila at Exxaro that:
“There isn’t a skill that mining doesn’t use”!
The study concluded that in all these activities, green skills are needed. They are needed both as
specialist skills or occupations (such as environmental management) and as additional understanding
and competence within traditional mine occupations (such as site managers). While companies insource
specialist environmental skills, they also employ them directly, and they prefer specialists who
understand the specifics of the mining context of environmental management. This combination of skills
is scarce, as is the ability to plan in an integrated manner across systems including water, energy, mining,
transport and local socio-economic development.
How does one prioritise, in order to advise the MQA about a sensible selection of skills to support?
An obvious option is to look at where in the system the biggest gains can be achieved.
The greatest employment creation potential, which will off-set job losses from the closure of mines or a
slowing down of the issuing of coal mining permits, lie in the reclamation of the 6000+ derelict and
ownerless (D&O) mines in the country, along with ongoing rehabilitation of active mines. Currently D&O
mines are being rehabilitated through Mintek with Treasury funding at a rate of around five per year.
Should funds be mobilised to pay for an increase in this work, it would create extensive employment and
increase the demand for skills, ranging from rehabilitation research skills, to adaptive rehabilitation
management, rehabilitation supervision, and rehabilitation practices (entry level skilled labour – see
Table 7). As the case study of the learner exploring new technologies for gold mining noted, a good idea
is not adequate, there needs to be adequate incentives to make it work. Social entrepreneurship of
development facilitation skills, coupled with environmental economics and green financing, would be
necessary to unlock the funding required for a national ‘Restoration of Mined Areas’ programme. The
skills implications for the MQA are therefore in the first place in building the skills to support the
unlocking of the funding and employment opportunities of more extensive and intensive rehabilitation,
and only secondarily, in the skilling of rehabilitation workers themselves. Additionally, to optimise the
value of mine rehabilitation, it needs to be linked to Integrated Development Planning conducted by local
authorities. The development of adequate understanding of environmental issues and sustainable
development opportunities among those mine staff that need to participate in the formulation of IDPs;
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mines do not currently seem to be equipping such staff with the necessary skills, and introducing training
for them, and their managers, would also be a relevant green skills intervention.
Another critical point in the system is the regulatory function. Regulatory functions in national, regional
and provincial authorities as well as local government in some instances, are performed by compliance
staff and managers dealing with the review of applications; the issuing of licenses and permits; and the
inspection, monitoring and enforcement of compliance. They need to be closely linked to a range of
broader skills to undertake research and develop regulatory guidelines and standards, e.g. in the DWS.
The regulatory functions can be bottle necks or a weak links in the entire system, if they are not
adequately equipped for the task. Although these skills are outside the core functions of the MQA’s levy
payers, they do affect mining operations directly, as skills scarcity in the regulatory environment are said
to cause costly delays, forcing mining companies to employ additional staff to expedite the regulatory
process. Others have extensively questioned the veracity of the regulatory work done, noting that existing
laws and guidelines are not being adequately applied.
Investing in ‘greening’ mine procurement can make a big difference in a number of ways: to the footprint
of the mine, and to the stimulation of the economy and therefore employment. An example is the
procurement of energy efficient and ‘clean’ technologies such as the platinum-hydrogen fuel cell profiled
earlier (Green Skills in Enabling Functions) which can reduce greenhouse gas emissions from mines but
also many other industries, and create new green manufacturing and employment opportunities.
Similarly, although investment in R&D may be expensive and only benefitting a few individuals directly
(e.g. through post-graduate bursaries), it can make a big difference in terms of unlocking new
development opportunities (e.g. mining in a water stressed environment, or reducing greenhouse gas
emissions) and in the process, open up work for others. Social innovations (such as new funding
mechanisms for rehabilitation work) should similarly be seen in this light.
In the selection of priority interventions proposed, we have however also taken into account a range of
occupational levels, noting the critique of mining companies’ implementation of the Mining Charter
(Table 2) which noted that most skills plans favoured upper and middle management levels, and that
workers are often retrenched rather than re-skilled .
Another strategy is to prioritise skills initiatives that can benefit the entire Mining and Minerals Sector,
and not just one commodity. Thus six of the nine identified priority green skills are applicable across
commodities (confirmed by Dr Patti Wickens of Angle De Beers from the perspective of diamond mining,
but also her experience as Chair of the South African Mining and Biodiversity Forum.)
Some strategic skills are however specific to coal mining. Significant future benefits can be achieved by
expanding South Africa’s small base of high level research and development (R&D) skills in cleaner
production (‘clean coal technology’), R&D in technology and processes that are more efficient in the use
of energy, water and the mineral resources themselves, and R&D to improve rehabilitation and
remediation.
Immediate if perhaps smaller benefits can be achieved by ensuring that all mines have adequate access
to environmental skills among managers and workers at all levels. It has been reported that even
employees with environmental qualifications, still need to develop a better understanding of ecological
processes and how they should be taken into consideration in the planning, management and regulation
of mining operations.
None of the above interventions would be optimally supported if there were not also a greater number of
opportunities for senior management, including the executives of mining companies, directors and
directors-general in government departments, and the leadership in Organised Labour and NGOs, to
dialogue, build an understanding of how to tackle the difficult issues in reducing the environmental
impacts of mining, and optimising its benefit to society. Only with a clear understanding of the issues
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involved, and each other’s perspectives, and opportunities to learn together how best to respond to them,
will senior managers be able to provide the necessary ‘transformative’ leadership in their organisations
(see Scharmer, 2003).

CONCLUSIONS ON SUPPLY AND SUITABLE INTERVENTIONS
Most South African universities including universities of technology offer qualifications in Environmental
Sciences and Environmental Management and related Life Science and Earth Science fields. A number of
programmes in fresh water related training have however been closed down and there is a concern about
the future supply of freshwater specialists, given the critical nature of this resource.

Only a small percentage of the existing mining qualifications have significant environmental components.
At the entry levels, the environmental content in mining related training is limited to SHE training, which
has an occupational environment rather than broader environmental focus. There is a limited
environmental component in standard induction training for mine workers.
A number of universities have introduced environmental courses with a strong focus on mining, both as
short courses and as full qualifications, at graduate and post-graduate level. However, providers reported
that few Mining professionals enroll for these courses. There is a need to track the possible career and
learning pathways of these individuals. It is likely that they will require a strong work-integrated learning
component as well as opportunities to develop adaptive management skills and cross-disciplinary skills.
They may struggle to find work as their qualifications may not yet be full recognised in the marketplace.
The career path of the regulatory official needs particular attention, as regulation and enforcement
require significant skills to be applied in an environment with high levels of stress, time pressure and
resource constraints. It was found that these employees are often young graduates, and a suitable skills
intervention to support them and their function would be to introduce a series of short courses building
technical, ecological and relational (institutional) competencies (see Scharmer, 2003), complemented
with an apprenticeship model, where ample mentoring is provided, and opportunities to build a network
of resource persons and colleagues to draw on in times of pressure and stress, for both technical and
institutional know-how. Strategies for building a community of practice can include the formation of an
association, annual conferences, learning networks unpacking case studies, and other forms of social
learning and continuous professional development.
The study was not able to track any of the supply pipelines in any depth, and this would be a useful
component of follow-up and other studies. Key supply side challenges identified in the study are:
1. Courses on Mining and Environment are mostly at a graduate or post-graduate level
2. Courses on Mining and Environment are mostly attended by environmental students or professionals,
and not by Mining students or professionals
3. The relatively low number of South Africans matriculating with university passes in Mathematics
would mean that many who would have been interested in studying in Mining and Environment are
not able to do so, or not able to obtain qualifications that can be registered with SACNASP. There is a
need to monitor and evaluate science and mathematics support initiatives at schools, and there may
be a need to revisit the qualification system for natural science professionals.
4. ASSAF (2014a) reports a shortage of mentors and budgets for programme resourcing in specialised
research and development of clean coal technology
5. In some cases, skills are scarce not because there are not adequately qualified individuals from the
supply pipeline, but because some employers struggle to attract and/or retain such individuals. This
may be because of the conditions on the mine, or its remote position, or because departments do not
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match private sector salaries (reported by both DWS and DMR), and/or because the job may have
significant elements of stress.
6. Qualifying and working in a particular discipline is necessary but often makes it difficult for graduates
and especially experienced practitioners, to start working across disciplines, which the resolution of
social-ecological issues in the mining context requires. To address this, one needs skills interventions
that put such practitioners engage with others from other fields and perspectives, perhaps working
on a joint concern, with professional support to facilitate social learning, i.e. the shifting of practical
and conceptual boundaries to be able to transform institutions and practices.
7. Some mine staff have very significant training duties (e.g. training in environmental health and
safety) without necessarily any formal training in training or adult education. The training of trainers,
for both full-time and part-time trainers, can make a significant difference to learning outcomes.
Similar, since mentoring plays a significant role in the work-place based learning approach followed
by mines such as the one visited for this study, mentor training can also be valuable, and can add to
the formal recognition of the work that staff put in, as mentors and trainers.

T ABLE 13: R ECOMMENDED S KILLS I NTERVENTIONS

Interventions (new programmes only)

Target Groups

1. Courses in environment and mining followed by
mentoring and community-of-practice building

Regulatory staff in DMR and DWS who
review applications, conduct inspections

2. Accessible workplace-based or centralised short courses
to improve understanding of eco-systems, environmental
issues and risks, and sustainability practices (entry level
and intermediate)

Mine workers and supervisors, mine
based union staff, environmental control
staff, OHS / SHEQ staff and trainers

3. Bursaries and supervision support for research into clean
coal technology, energy and water efficient mining and
beneficiation, and remediation of coal impacts

Students and supervisors at universities
and research centres with existing
expertise in these specialist fields

4. Courses in rehabilitation, remediation and reclamation
work, linked to integrated local development

Workers, supervisors, technicians and
managers vulnerable to retrenchment

5. Courses in environment and mining followed by
mentoring and community-of-practice building

Regulatory staff in DMR and DWS who
review applications, conduct inspections

6. Courses in green procurement for mining and
beneficiation, coupled with dialogues and setting up of
communities of practice

Sustainability managers, supply chain
managers

7. Sustainability dialogues, action-reflection projects and
other social learning opportunities to address key
challenges like and effective regulatory processes,
sustainable rehabilitation and post-mine employment

Top leadership in Mining, Regulatory
Authorities, Unions, NGOs, Local
Government
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RECOMMENDATIONS ON RESEARCH METHODOLOGY
The construction of inter-connected value chains has been valuable, not only to identify and map out
relevant tasks, jobs and occupations, but also to consider where in the system skills interventions may be
most strategic (see above). It is recommended that this method be used in future studies as well.
The multi-level, multi-method and multi-source methodology was also found to be appropriate, for a study
to explore a new industry area. However, they do require significant time for the review of secondary data
sources (where available) and in particular, the generation of primary data. It took time to identify parties
with useful information, and the opportunity and motivation to respond. Even where there are willing
contributors, organisations do not always have the information readily available. Up to six weeks should
be allowed for responses to requests for information. Having larger teams working on several
commodities simultaneously or in sequence, may be a useful strategy to optimise the value of the initial
work in ‘getting to know the sector’, which then need not be repeated.
In the absence of readily available sector data, multiple data sources and perspectives are necessary.
Views on skills requirements are often contests and where a study cannot conduct quantifications,
seeking multiple perspectives becomes essential. Employers are not always able to estimate the demand
for green skills, as they may not fully understand the nature or scope of this new and often vast changing
skill requirement. Employers may thus report an adequate supply of staff in certain disciplines, when a
diversity of stakeholders in the sector report that these very same staff need additional skills or higher
levels of competence. Whether a skill is scarce or not, therefore becomes a matter of perspective, and
researchers need to take this into account. Ideally, industry norms should be established for the green
skills required for mining, through a broad consultative process. In particular, the number of regulatory
staff, and mine management staff, required in relation to the size of the budgets (e.g. the budgets
associated with mining right and water licensing applications) should be taken into account.
The MQA could work with employers including national and provincial government departments, local
government, mining companies, NGOs and Organised Labour, to help determine industry norms for green
skills. Such an initiative could be linked to the Green Fund’s project of the Department of Environmental
Affairs, to build green skills capacity in the national system, including SETAs and employers. This project
is coordinated by Rhodes University on behalf of the National Environmental Skills Planning Forum.
Multiple methods and data sources are also required to determine the supply pipeline and any
associated challenges. Official data on students completing learnerships, certificate courses and degrees
are not enough to reflect the full pipeline and associated challenges. We found interviews with training
providers and students, as well as a review of available course outlines, very useful. This component
should be expended in studies of a larger scale.
The supply side analysis would ideally happen iteratively: an initial scan of potentially relevant courses
needs to be followed up, once the demand analysis has been completed, with a more focussed search for
courses that address the exact skills needs identified. The search for this study has been to coarse to be
able to make more than a few recommendations on suitable providers, for example
The methodology used for this study needs to be expanded in the following ways, for complementary
studies and future studies on other commodities:
Add a component to quantify and further differentiate the supply (using EMIS and HEMIS data)
Review not only qualifications in Mining, but also qualifications for associated qualifications such as
Engineering, Procurement, (Resource) Economics, Financing and Law.
Add a component to quantify the demand, using not only employer demand surveys and indicators
(such as vacancies and jobs advertised) but also industry norms (to be established for green skills in
75

mining, possibly per commodity) and analysis of mandates and regulatory requirements as well as
the potential social and economic impact of local development and employment opportunities.

SUMMARY OF RECOMMENDATIONS
Based on the information reviewed and generated for this study, and the strategic considerations
outlined above, the recommendations to the MQA are to consider the following as priorities:
1. Support the new integrated environmental regulatory capability in the Department of Mineral
Resources (Scarce skill: Regulation of mine development, planning and operations including
rehabilitation). Ensure that regulators have the capacity to use systems effectively and the
competency and resources to make informed decisions across a full range of considerations, from
the adequate costing of mining operations and rehabilitation, to the application of environmental
guidelines. Consider that support would ideally involve not only short (top-up) courses but also the
establishment of networks/communities of practice, as outlined in Table 13.
2. Support the Department of Water and Sanitation in strengthening the capacity of its regulatory
function with regards to mining, with a range of skills from demand determination and catchment
management to regulatory roles in the approval and enforcement of water use licenses. Consider
that support would ideally involve not only short (top-up) courses but also the establishment of
networks/communities of practice, as outlined in Table 13. (Possible additional partner: Energy and
Water SETA). (Scarce skill: Regulation of mine development, planning and operations including
rehabilitation)
3. Partner with universities, industry including Eskom, the Fossil Fuel Foundation, Mintek, SANEDI, DST
and the NRF to complement their funding for cleaner production research in clean coal technology
and processes including new technology for treating discarded coal fines; in energy, water and coal
efficient technologies and processes as identified by ASSAF (2014a), and in the effective
remediation of the impacts of coal mining on air, soil and water quality, including acid mine
drainage. (Scarce skill: Research and development in clean coal, energy and water efficient mining
technology)
4. Engage the Council for Geosciences, MINTEK, DMR, Treasury and others to explore the best ways to
develop technical, social and economic research and development skills in advanced mine
rehabilitation, remediation and reclamation and the possibility of upscaling current efforts in order to
employ green skills on a much greater scale than is currently the case. Once employment demand is
secured, invest in a large scale rehabilitation training programme for all skills levels, with particular
emphasis on stakeholder engagement, project management and workers at risk of retrenchment.
5. Fund the development of a cadre of integrated sustainable development planners to work with
and/or within mining companies, local government and mining communities, to formulate integrated
development plans for sustainable development during and post-mining; include rehabilitation and
remediation, stakeholder engagement, environmental understanding and green economy skills.
6. Develop and promote short courses in Mining & Environment for SHE staff and (in a second stage) all
workers, to strengthen the environmental component of induction courses; support SHE staff with the
development of communities-of-practice networks for continuous professional development, and
include a ‘training of trainers’ component. This may be linked to (5) above.
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7. Develop and promote Green Procurement for Mining Courses in face-to-face format and online
platforms for procurement staff and sustainability managers from head offices to mines.
8. Promote existing short courses and cross-sectoral working groups to advance the adaptive
management skills of environmental managements on mines and in consultancies, in the planning,
implementation and adaptation of environmental management plans for mining, informed by a
practical and ethical understanding of the existing environmental guidelines for mining
9. Promote and where necessary extend existing opportunities for senior executives in Government,
Labour, Civil Society and Industry to dialogue, see each other’s perspectives and learn together how
to tackle the institutional challenges of reducing the environmental impact of coal mining, and
provide the necessary leadership to transform practices at all levels.
10. Work with other SETAs, the National Environmental Skills Planning Forum and the Green Fund’s
Green Skills Project to extend this study. A next step could be to set industry norms for green skills.
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