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Abstract

Definitions of sustainable development can be grouped according to their ideological orientation

and economic paradigm in which they are placed: neoclassical; social and ecological modernisation

of neoclassical; and radical.  The view of sustainable development predominant in the mining

sector aligns with the dominant neoclassical economic paradigm.  It is revealed specifically through

the system of metrics used, the most obvious of which is profit, shareholder value, and growth.

The idea of sustainability is understood in mining as the need to respond to increasing regulation by

adding two extra dimensions to the economic one – social and environmental. This is abbreviated

as the triple bottom line, or weak sustainability. In the exercise of process stewardship, mines tend

to follow global responsibility guidelines formulated for the sector, but product stewardship is of

secondary importance.

Narrow definitions of sustainability fail to take into account the biosphere as a complex adaptive

system.  In this study there is a discussion about an innovative collaborative sustainability model to

be developed in a new industrial sector.  That sector would operate beyond mining, while at the

same time using mining waste residues feedstock as its inputs.  The landscape in which the new

sector would be located would be the current neoclassical one, but the model has been formulated

as a tool to move towards a broader conception of sustainability.  As a means of clarifying the

fuzzy boundaries between the various entities and components of the complex adaptive system of

the biosphere, for the purposes of discussion, the biosphere has been divided into seven separate

schematic dimensions (after Gell-Mann, 1994: 345-366).  These are ideological, institutional,

economic, social, demographic, informational and technological.

Six research and development projects, carried out over seven years (2002 to 2009) in a research

and development group of a trans-national mining corporation, were directed by the author.  These

projects, in the fields of improved air quality and of minimisation of mining waste residues, formed

the basis for conceptualising a new collaborative sustainability model.  The projects, when placed

in the context of seven dimensions of the biosphere and as examples of sustainable development,

reveal themselves as falling far short of attaining sustainability goals.  What a reductionist

definition of sustainability used in the mining industry means is that the industry is slow at

anticipating needs of communities after a mine closes, or after organisational restructuring and

downsizing in the trans-national corporation has happened, or in dealing with the influx of people

into the area who come to improve their economic/political opportunities. The implementation of

sustainability principles in mines is directed by global protocols, directives and regulatory

obligations,  and is driven by the market economy.



viii

In the mining context, the technological, informational and economic dimensions of the seven-

dimensional framework of the biosphere are better developed than the other dimensions. This

study presents a detailed discussion about beneficiation as the core-business of mining and the

transitions towards sustainable development in the technological dimension.  The projects on

improved air quality and on minimisation of mining waste residues were well developed in the

informational dimension too; the technological and informational adaptations served to improve

what the mining sector views as risks in the economic dimension.  Reframing the projects as

experiments in sustainability enabled thinking about them differently.  They do not have to be clear

successes or failures in the economic sphere.  As sustainability experiments they show adaptations

in multi-level systems in which the goal of the experimenter is to develop politically economic

persons while conserving the biosphere.

The implementation of my collaborative model could go some way toward initiating greater

sustainability associated with the mining sector.  The model’s salient characteristics are: (i) The

model operates beyond mining and does not intrude in the routine practices of mining operations;

(ii) The model informs a new industrial sector that serves the communities in vicinity of mining

operations; (iii) Collaboration is structured in such a way that value is apportioned to non-monetary

as well as monetary components. Further, the model uses what is usually considered to be a

liability – stockpiled mining waste residues, as a feedstock; (iv) It is a collaborative approach

characterised by a meta-level agreement between government and the mining industry as an

originating principle; (v) The model enables discussion of the transitions from different points of

view, in more than the triple bottom line dimensions of economic, social and environmental. The

greater dimensionality allows adaptation can be seen as transitions and thus do not have a value of

success or failure.  But can be seen as transitions that are evolving in the temporal sphere; (vi) With

the meta-level agreement in place and the emergence of new industrial sector, adaptations in the

economic dimension can introduce pluralism and a new economic paradigm.  A consequence of

such an adaptation is that would be active politically economic persons (for example, measured as

the number of people employed); (vii) The model incorporates elements from implemented projects

and is therefore practical and practicable.

Keywords:

mining; sustainability; secondary beneficiation; upstream mining waste residues; model; complex

adaptive systems; transitions; dimensions; new industrial sector
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Preface

This study represents an approach to the situation within the South African mining industry, that

technological solutions (for example, to manage and mitigate air pollution; to reduce, reuse and

recycle mining waste residues) enable mines to be stewards of the mining process and products,

but that both these forms of stewardship fulfil economic imperatives at the expense of the

biosphere. Despite the extensive use of sustainability concepts to drive the regulatory obligations

that the mines face in terms of the ecological degradation of the biosphere, stewardship of the

biosphere is conceived in terms of what is defined as weak sustainability.  Basic demographic

demands are lodged by aggregations of people around the mines because of high levels of

unemployment and poverty. The institutions that are mandated to regulate industry are themselves

informed by economic ideologies which can be described as neo-liberal politics and neo-classical

economics.  These ideological and economic paradigms have been in existence as long as there

have been mines in South Africa.  Sustainability through sustainable development is not persistent

in large scale mining, nor is it embedded in organisational thinking.  It is a concept which conflicts

with business-as-usual, that has to be monitored and regulated for even the minimum obligations to

be performed.

The opportunity as a geoscientist and head of Environmental Projects in the Geosciences Resource

Group of a trans-national corporation in the mining sector enabled me to implement several

sustainability orientated projects.  These were executed in a research and development environment

over a period of seven years from 2002 to 2009.  Reflecting on why sustainable development

currently fails in the mining system, I reviewed the six research and development sustainability

projects as case studies.  This confirmed the hypothesis that sustainable development projects are

not persistent in the mining sector, nor important for the mines to pursue unless they served a

technological end, which in turn maximised profits.  But temporal considerations were not the only

questions I was posing in those years about sustainability.  The stewardship cycles of mine

processes and products are firmly embedded in a systems perspective.  “Why not look at the

projects from a systems perspective?” Looking at the projects from a systems point of view

generated deeper insights into the mining sector as a system embedded in the larger neoclassical

economic system, but also in other systems as well.  The other systems, (for instance, the global

socio-political one, the global economic one as well as the supra-national institutional system such

as the World Business Council for Sustainability), all had an impact on the sustainability projects.

Systems and subsystems on the sites of the projects showed themselves replete with their own

multi-levelled complexity.
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A critique of the levels of success of the studied projects showed every project successfully reached

its planned stages.  Further review of the projects, still interrogating their success or lack of it,

encouraged the next question. “What concept sustainability different from that of the trans-national

organisation would facilitate the persistence of the projects?” Project persistence beyond the stage

of active management by the mine in every case had been limited.  Initially it seemed to be what

the broader perspective of sustainability in the trans-national organisation lacked, a conception of

the temporal element of sustainability.  From a systems perspective, time is a critical factor in

planning, execution, persistence and review of sustainable development projects.

The next logical question arose: “What adaptations would be needed to sustainable development

projects to make them sustainability orientated in such a way that the social and labour plans (the

regulatory obligations) could be prepared to include real concerns raised by communities living

around the mines?”   By “real  concerns”  I mean that poverty would be alleviated and

unemployment abate.  I posed another question: “The adaptations that would be needed to ensure

that technological drivers impelled economic success, supported the institution in thriving and

being economically sustainable and reinforced the institution’s ideology through growth, would

surely be related to meeting the needs of the human capital?” But for industry and for the mines

“capital”  is interchangeable and operating in the neoclassical economic paradigm meeting the

needs of human capital is not a feasibility.  Naturally this led to another question: “What economic

paradigm would support sustainability in which social well-being is as important an element as

profit maximisation?” Piboolsravut’s (2004) description of a sufficiency economy with its “middle

path” was an appealing alternative.

As I worked through these questions raised through my projects, I became aware that the systems

model the mines espoused in their stewardship initiative was not being taken up in the research and

development projects. I asked the next question: “What would it mean to view the research and

development projects from a systems point of view?”. As a starting point, I conflated the six

projects into two conceptual groupings, air quality and waste minimisation experiments in

sustainability in the system of mining, after adapting Speth1 and Gell-Mann’s2 dimensions of the

biosphere to support my thinking.

The dimensions I have used are the ideological, institutional, economic, social, demographic,

informational and technological.  For sufficiency and sustainability all dimensions have to be

conceptualised as being part of an integrated system. Next, by mapping the experiments onto a

1 Speth, J.G. (1992). Transition to a sustainable society. Proceedings of the National Academy of Sciences of
the United States of America, 89: 870-872.

2 Gell-Mann, M. (1994). The Quark and the Jaguar, Adventures in the Simple and the Complex. London: Little,
Brown and Company.
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pictogram to show where the developments and adaptations in the seven dimensions terminated, I

was able to draw numerous conclusions: developments in the technological dimension are

paramount in mining; there are significant opportunities to develop the other dimensions beyond

mining through post-mining activities.  When the economic dimension is all important in mining,

sustainability as conceived in the mining sector is according to the weak sustainability definition

(the triple bottom line).

Considerations which informed my discussion of the sustainability experiments were that it is

necessary to understand the role of trans-national corporations in mining and what society’s

changing expectations are of industry. One of the responses of industry to calls for sustainability

had been introduction of Corporate Social Responsibility reporting.  However, trans-national

corporations continue to shed jobs and close operations in one region while opening new operations

in other countries – where financial benefits are more favourable to shareholders.  This is an

example of how business focuses on maximising economic profit at the expense of natural and

human capital.  The increasing alienation between trans-national mining corporations and society is

reflected in increasing levels of nationalist sentiment in South Africa (and elsewhere).

Further reading in works such as Teilhard de Chardin’s3 essays on global consciousness gave me

an entreé to a larger conception of sustainability.  Bruno Latour’s4 actor network theory enabled me

to conceptualise the actors in the economic sphere and in mining as both non-living and living

parties in a network engaged in implementing sustainability in a range of systems. The actors in

the mining network focus on the economic and technological dimensions primarily.  For

sustainability to be implemented successfully, all seven dimensions should be considered.  The

adaptations needed in these dimensions to support sustainability (conceptualised as conserving the

biosphere) enabled me to think about the research and development projects I had executed, and

see them as sustainability experiments.  What was missing was a practicable way of implementing

the ideas arising from the experiments.  Complex adaptive systems theory supplied the missing link

conceptually; and on a practical level, I formulated a sustainability orientated collaboration model.

This model could be implemented. In a complex adaptive system adaptations and transitions,

developments and evolution cannot be managed in every case and place. In this study directed

transitions in all seven dimensions towards sustainability are suggested.  In the set of guidelines

proposed, the directed transitions are referred to and suggestions are made about where adaptations

might be made.  The endless sets of systems and subsystems and their complexities and levels

cannot possibly be envisaged.  However, a critical, directed transition which my model calls for is

3 Teilhard de Chardin, P. (1965). Building the Earth. London: Geoffrey Chapman.
4 Latour, B. (1993). We have never been modern. Translated from the French by C. Porter. Harvard College,

USA: Harvester Wheatsheaf. (Original work published in 1991).
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that secondary beneficiation of mining waste residues can be used beyond or outside mining.

Because the mining system is rooted in the neoclassical economic paradigm the point of departure

for the model is beyond mining but using secondary beneficiation of upstream mining waste

residues which are traditionally stockpiled.

The sustainability orientated collaboration model, were it to be implemented in the current system

of industry, would be an innovative response to the onerous task of implementing sustainability in

mining.  A new mining-independent industrial sector in secondary beneficiation of mining waste

streams could emerge.  This sector could be used to address community needs once a mine had

closed, or after organisational restructuring and downsizing within the trans-national corporation

had created conditions which gave rise to informal settlements, increased poverty and

unemployment. For the model to be implemented, a situational analysis would be required of the

status quo in the seven dimensions, highlighting only the largest and most outstanding actors in

each network; this analysis would provide the ground for thinking about the needed adaptations.

These adaptations in the complex systems of each dimension are outlined.  The situational analysis

foregrounds the guidelines, which are offered in some detail.
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CHAPTER ONE

This chapter specifies the domain of the study and presents its hypothesis, aims

and objectives.  It introduces the concept of sustainability and the expression of

that idea in sustainable development as it has been interpreted globally and

especially in the mining sector in South Africa. The response of the mining sector

is based on its role in primary beneficiation in a neoclassical economic paradigm

supportive of growth and globalisation. An outline of the chapters is given.

1. Introduction

1.1. General Background Information

This study is about sustainability in and beyond the regime of mining and the transformations

required in systems to instantiate secondary beneficiation, specifically of mining waste residues, as

a new industrial sector. An argument is developed to show that directed developments in

secondary beneficiation of upstream mining waste residues offer opportunities which can benefit

people, the economy and the environment.  Such directed developments, it is suggested, can

ultimately make a feasible contribution to sustainability. A model is offered of such a directed

development.  The economic landscape of mining, a neoclassical landscape, with its “…dominant

practices, rules and ensuing logic of appropriateness” (Kemp & Rotmans, 2004:140) has

traditionally not allocated value to non-monetary components, rather, a high-profit margin with

growth has been, and is, its focus. The mining industry has avoided giving value to non-monetary

components as the instability in the sector that might follow such a decision could affect profit and

growth. Sustainable development initiatives are treated from a single profit maximisation

perspective way in mining.  This aligns with the nature of business which is to simplify systems

and dimensionality: “The institutional reduction of complexity follows a reflection on the ‘core

competence’ and the raison d’être of an institution” (Magala, 2010:147-149).

The specific experiments (grounded in science and technology) discussed in this study that have

been used as the basis for reflecting on sustainability were carried out in operating mines and

plants, owned and managed by a trans-national corporation. These experiments had their own

trajectories in the mining research and development unit where they existed as research and

development projects, and were funded, conceptualised and executed.  However, the conceptual

and organisational model proposed in this study as a means to promote sustainability is conceived

as existing beyond mining. The idea for the model arose out of a process of interpretation as the

projects came to summary ends, or were truncated before they could be said to have achieved

sustainability objectives, outside the narrow scope of economic and technological dimensions.  The
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process of developing the model was informed by idea conception of sustainability as varying

adaptations in many dimensions in the complex system of the biosphere in which mining and

beneficiation happen to occur.  Although, at first, in the projects, urgent questions about

technological solutions had to be answered, later social questions arose.  These were about post

closure liabilities.  There are many derelict and ownerless mines (Figure 1.1) and mine-polluted

areas throughout the country that have become the responsibility of government to rehabilitate, at

considerable (unplanned) cost to the fiscus.  As a result, current legislation places an onus on mine

owners/operators to obtain closure certificates for mines once their extractive capacity has been

reached.

Figure 1.1 Distribution of abandoned mines in South Africa (Coetzee et al., 2008:115).

Other questions related to anticipating community needs once a mine had closed, or after

organisational restructuring and downsizing in the trans-national corporation had created

unpredictable conditions; or, imagining what the needs would be of migrants who had come into

the area looking for opportunities. Still later, in weighing up the reasons for the brief duration of

the projects in some dimensions and their precipitate ends, it became clear that a different model

would be needed to do business and use mining waste residues – and to be sustainable.  The

development and proposal of a model which is innovative (in ways that will be detailed) could

make a contribution to the sustainable development debate in South Africa and to the vexed
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question of job creation.  The innovative elements in the model proposed have implications for all

the seven dimensions of the biosphere in which mining takes place.  In interpreting the projects as

experiments in terms of adaptations to the complex system of the biosphere and mining, the driving

question of the study was – Why, when technological solutions are available, such as the

management and mitigation of air pollution; the reduction, reuse and recycling of mining waste

residues, does sustainable development benefit stakeholders more than anyone else?

Sustainable development (as currently implemented within the mining sector) was and is not

persistent; sustainability is conceived as a short term solution to long-term abuses of the biosphere;

reporting structures on how it is achieved continue to pass through operational departments, the

core concern of which is not sustainability.  There are no career development paths open to

sustainability practitioners in mining companies.  Budgets are designed according to mining

constraints without consideration of the broader obligations.  Mining waste residues are stockpiled

and considered a liability.  Society’s concerns and needs are approached in an apparently ad hoc

way.  It might be argued that this is a false claim – the dominant practices of the mining sector are

well regulated and monitored – to suggest their practices are ad hoc though results from taking a

different stance on what sustainability entails than the approach in industry.

The oversimplification of sustainability into three dimensions economic, social and environmental

that industry terms the triple bottom line does not allow the complex, interrelated dimensions of the

biosphere to be considered.  The consequences are that primacy is given to economic

considerations.  This is no surprise in the global economic landscape in which industry operates.

Secondly, disparate elements of the biosphere, each of which is its own complex adaptive system,

are approached as if they were of the same value, when plainly human and environmental capital

are not interchangeable.  Thirdly, economic and social dimensions are human constructs.  By

including the environmental dimension in the triple bottom line idea to support sustainability an

important fact is obscured.  The environment refers to the biosphere, the ground in which human

constructs are built.  The fallacy of the triple bottom line argument becomes clear in the

implementation of sustainability in many sustainable development projects.  The representation of

the complex adaptive system of the biosphere represented in terms of seven dimensions (albeit in a

reductionist way) namely, ideological, institutional, economic, social, demographic, informational

and technological (Gell-Mann, 1994) helps to clarify weak sustainability’s fallaciousfoundation.

My first consideration in understanding sustainable development as conceived in mining terms was

to look into the activity of beneficiation over the last hundred or so years. “The dominant

practises, rules and ensuing logic of appropriateness” which Kemp and Rotmans (2004:140) speak

about would reveal themselves and it would be clear how little or how much mining had changed

in the face of the sustainability debate. European and American money funded the earliest mine
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extraction processes in South Africa.  The Chamber of Mines of South Africa was formed in 1887

to protect vested interests.  The close relationship between government of the day and the mine

owners is well recorded (Stephens, 2003; Wilson, 1972; van Onselen, 1982; Van-Helten, 1997).

Beneficiation is best understood in terms of the economic and ideological paradigm in which the

business of mining was conducted in the South African colony.  Despite the historical moves from

being a colony to a democracy, some of the patterns ensuing from pre-sustainability thinking about

beneficiation versus waste continue to be entrenched in the early 21st Century.

When mining emerged in the British ruled Cape Colony, in the 19th Century (1875), practices

appropriate to the period were already in place.  As early as the 1870s diamond mining was well

established in Kimberley (Worger, 1987) and as a non agricultural and labour intensive activity it

provided the template for what followed in other mining sectors.  Duncan (1995:19) sums up those

labour practices, “ …using blacks for spade and shovel work under white supervisors, recruiting

migrant labour for fixed contracts, and compounding African workers to maximise control and

productivity.” The master-servant relationship was a well-established norm for a colony. The

colony sent gold and profits back to Imperial Britain.  It was incumbent on colonists to understand

the concept of “service” to the Empire, as colonists.  Williams (1958:39) succinctly says of the

colonist, “He must subordinate his …[own interests] to a larger good, which is called the Queen’s

peace, or national security, or law and order, or the public weal.  This has been the charter of

many thousands of devoted lives, and it is necessary to respect it”.  The commitment to service of a

larger good metamorphosed into a commitment to serve the stakeholders of the mines, even when

South Africa was no longer a colony.  In a context such as existed in South Africa during the

colonial period the consideration of environmental and human capital was not important. Some of

the colonial attitudes – to approach environmental legislative compliance only in its narrowest

sense, and the wellbeing of workers from a position which underlines the privilege of the old

“master”  in relation to his “servants”, have remained.  Old concepts used to interpret new ideas,

technologies and societal expectations, are the norm amongst businesses and organisations.  Geels

(2004:42) speaking about transitions, nevertheless optimistically reminds us that, “The existing

regime should not just be analysed as a barrier. On going processes in the regime can also

provide opportunities for novelties to link up with”.  However, to date, the transitions to an

ecologically focussed or institutional economic paradigm are hindered by the slow rate of change in

the industry.

Throughout the landmark changes in political and so, necessarily, economic hegemonies in South

Africa – Union (1910), Apartheid (1948-1992), Republic (1961), Democracy (1994) – and despite

the Boer Wars (1880-1881 and 1899-1902) and the two World Wars (1914-1918 and 1939-1945),

sustainable development has not been of paramount importance. As in most colonised countries,
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issues of self-governance took precedence over concern for the apparently inexhaustible natural

resources of the country. The difficulty of moving the economy from a dominantly agrarian one

through a directed transition to an industrialised one, was also given precedence in the early 20th

Century 5(Jacobs, 1948).  The two pillars on which industry could be built were an adequate and

economical supply of (i) electric power, and (ii) steel, in line with what was happening in western

countries in the early 20th Century (Vermeulen, 1998).  Similarly, after the Second World War,

socio-economic structures were depressed and in the words of van der Bijl (1946:2),

“Readjustment, which is of course imperative, requires State Guidance”.  The move from a war

economy to a post-war economy was anchored in facilitating the development of industry,

agriculture, commerce, health, social welfare and education.  South Africa only in the 1990s began

to legislate for sustainability, reflecting the worldwide recognition of a looming environmental

crisis. The crisis was described in terms of climate change, poor air quality, and the loss of natural

resources. The Brundtland definition of sustainable development, formulated as “ …development

that meets the needs of the present without compromising the ability of future generations to meet

their own needs” (Brundtland, 1987), had emerged in Europe as a response to the environmental

crisis and South Africa responded rapidly.

To implement sustainable development is complex. The understanding of the trans-national

mining corporations about what to do with the sustainability agenda was important as they and

government would institute the appropriate actions. Changes in society’s expectations of industry

would play a role over the century or so that mining had occurred.  Industry’s responsecame

finally in the 1990s in the form of Corporate Social Responsibility reporting.  This practice was

introduced at the same time as trans-national corporations continued to shed jobs and close

operations often in one area (specifically South Africa), while opening new operations in other

countries where financial benefits were more favourable.  This practise allowed business to focus

on maximising economic profit. An increasing alienation between trans-national corporations and

South African society was reflected in increasing levels of nationalist sentiment.  Consequently

stricter regulatory policies were introduced to minimise the impact on local landscapes where such

actors operate, pollute, disengage or close. It is with this understanding of sustainability that these

research and development projects were instituted in this particular trans-national mining

corporation.

5 Dr. Hendrik van der Bijl (1887-1948), an eminent South African physicist, was known for his important
contributions to the field of radio telephony while in Germany and New York.  On his return to South Africa
at the request of then Prime Minister Jan Smuts, as Scientific Advisor to the Government, he created a
countrywide electricity supply network (Eskom), a world class steel corporation (Iscor), and numerous other
important industrial enterprises contributing significantly to the industrialisation of the country.
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Initially, my own research and development projects were located in an understanding of

sustainability as triple bottom line efforts.  Making the distinction between sustainability and

sustainable development was a necessary next step for this study.  To give effect to sustainability

ideas through sustainable development in the mining context meant the economic dimension had to

be assessed in more detail. Because the mining system occurs within the context of the whole

biosphere, dimensions other than technological had to be given consideration.  All the dimensions

form part of a complex adaptive system which has the possibility to eventuate in directed and non

directed transitions.  Depending on the idea of sustainability one has, those transitions would serve

sustainability in a limited or an extended way.

My understanding that a global consciousness is the basis of thoughts on sustainability led me to

further understandings – by virtue of its inclusivity, sustainability is transdisciplinary and systemic.

Sustainability can be described as a complex adaptive system in which the needs of the present do

not compromise the ability of future generations to meet their own needs. Extinction of future and

present biodiversity might result from the excessive exploitation of resources in the biosphere, at

many levels and in many dimensions. Although three dimensions – social, economic,

environmental – are said to contribute to triple bottom line accounting, the financial metric is the

one by which sustainability is ultimately measured in mining.  Other considerations are largely

ignored.  To implement sustainability therefore, seemed to require a different approach based on

different understandings of the system.

The representation of man as a one-dimensional economic element reflects an ideology of

consumerism and neo-liberalism.  Not only has this inhuman and simplistic argument culminated in

irreversible environmental degradation but for millions of people inhabiting the Earth, they do not

count as economically viable persons or as political economic persons (Söderbaum, 2002:1;

2008a:79-97).6 This is further exacerbated by the current economic crisis, which is both a financial

one and another, non-financial and non-monetary crisis (Global Economic Prospects, 2009).

The sustainability orientated model proposed in this study represents not a brand new way, but a

more effective way, of implementing sufficiency and sustainability in a particular small sector of

business.  This is based on sustainability which includes multiple interactions between human

activity and well-being, and the biosphere.  The model schematically shows how sustainability

beyond mining could be achieved specifically through the emergence of a new industrial sector in

secondary beneficiation of upstream mining waste residues.  The model, from an institutional

6 Migrants enjoy few economic privileges and refugees still fewer despite propaganda to the contrary.
Although in the 1990s the total international migration was about two percent of the world’s total population
(Spellman, 2002), movement across borders is largely regional and very much in evidence in southern
Africa, and on the mines.
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economics point of view, is viable and practicable because it is based on implemented, reported

experiments.  It accommodates transitions in all dimensions and is presented as a piece of original

work. The implementation of the model with a successfully emergent industrial sector would serve

sustainability and the emerging Green Economy.

The neoclassical economic paradigm, which results in capitalism, growth, market economy and

globalisation with private property ownership, is the basis of profit maximising institutions. At the

recently held 42nd Annual Meeting of the World Economic Forum it was agreed that capitalism

needs to serve society better.  The Australian labour leader Sharan Burrow, General Secretary of

the International Trade Union Confederation (ITUC) in Brussels,  announced that the “ …widening

income inequality and high unemployment, especially among young people, are an indication that

the capitalist system has failed society. The business community ‘has lost its moral compass’…. We

must redesign the model. We must reset it. Stop the greed. Unless employers and workers sit down

with governments, the system will continue to fail” (WEF, 2012). Co-panellists disagreed with

Burrow, retorting that, “ ‘Capitalism may be the worst economic system except for any of the

others.’ Businesses do not think about ways to reduce wealth and jobs, he added. To ensure that

capitalism is fair, focus on improving laws and regulations, investing in education and promoting

innovation and creativity, Rubenstein advised” (WEF, 2012). The starting premise of the paradigm

addresses one dimension, that of monetary value, and does not take into account non-monetary

value. Non-monetary values also need to be realised and can be when dimensions other than

economic ones are considered as part of the integrated system or landscape in which human

activity occurs.

Adaptations in the ideological dimension are critical if we want to implement sustainability in more

dimensions.  The present neoclassical economic paradigm reflects the ideological orientation of the

trans-national corporations in mining as neoliberal with its focus on globalisation and the market

economy.  Currently Government provides the regulatory framework, establishes industrial policy,

and sets developmental goals among its many functions; its mandated function is not the same as

that of industry.  However, industry’s mandate is profit maximisation for its direct shareholders.

For the ideological dimension to evolve toward sustainability a dialogue between government and

industry is needed.  In the institutional dimension the actor roles need to include actions which

facilitate the emergence of a new industrial sector. In the social dimension, the actor roles of

individuals and institutions need to maintain their own welfare.  The demographic dimension of the

network is focussed on communities in the vicinity of the mining operation, in the zones of

influence.
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1.2. Hypothesis, Aim and Objectives

1.2.1 Hypothesis

The hypothesis of this study is that sustainability, which implies the conservation of the biosphere

in all its dimensions, can be approached through transformations when an innovative model using

mining waste residues in secondary beneficiation is implemented beyond mining.

1.2.2 Aim and objectives

The aim of this work is to contextualise sustainability enterprises in the mining sector within the

current neoclassical economic paradigm and to show that an alternative adaptive model would

better address ideological, institutional, social (including social well-being), demographic, and

informational dimensions rather than the economic and technological components of the biosphere

exclusively.

The objectives are:

 To review the socio-economic landscape in which mining has operated over the last century

and continues to operate in South Africa in the context of global concerns about

sustainability.

 To interrogate definitions of sustainability developed over the last three decades and how

these have been implemented in the socio-economic sphere of mining as the triple bottom

line from the point of view of what has become the most significant paradigm in social and

natural sciences – complex adaptive systems.

 To critically evaluate a series of projects implemented over seven years as sustainable

development interventions in mining.  These projects are reframed as sustainability

experiments from the perspective of systems theory and the interconnectedness of those

systems in the biosphere.

 To propose a sustainability-orientated model which, in the use of secondary beneficiation of

mining waste residues, would contribute to sustainability beyond mining.  The model is

based on a concept of sustainability which encompasses more than the economic and

technological dimensions; it takes into account the interconnectedness of the biosphere in

seven dimensions with attention to time and resilience.  A set of preliminary guidelines for

the emergence of a new industrial sector beyond mining by using secondary beneficiation of

mining waste residues is developed.

These objectives provide the framework for this and the following chapters.

The model to be developed in this study extends the traditional three dimensions of sustainable

development to seven dimensions, evolving a different kind of sustainability than that which is
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currently practised.  For sustainability to be realised, it will be argued that such a model needs to

refine the concept so that “ political economic persons and political economic organisations”

(Söderbaum, 2008a) take responsibility with a focus that includes non-monetary values in addition

to monetary value.  The model proposed integrates the biosphere with human interactions across

fuzzy7 boundaries taking seven dimensions and sub-components into account.  The goal is the

emergence of systems that are directed and adapted in a positive sense in trajectories to

sustainability.  Specifically in the economic sphere, a new industry is developed outside the mining

environment which supports sustainability ideals – sustainability beyond mining.

There is potential to use mining waste residues in secondary beneficiation. In the past, mining

waste residues have been used only to a limited extent to initiate secondary industrial development

leading to a degree of sufficiency sustainability.  This form of upstream secondary beneficiation

allows the establishment of a local economy that could be viable beyond mining and would occur

outside the business of mining.  This study suggests that the overarching coordination of this

activity is best implemented through an independent company established as collaborative venture

(in the form of a triple helix agreement of public private partnership, for example) between the

mining industry, government and society, at a national level.  That independent company would be

guided by a grasp of sustainability as happening within a complex adaptive system.  In this

adaptive system, the transitions from an initial dynamic equilibrium to a new dynamic equilibrium

would be understood as fast and slow, directed and non-directed developments in the interacting

processes.  There would be consideration of adaptations to response feedback stimuli.

Preliminary guidelines for the implementation of such a sustainability orientated approach are

presented.  The resultant adaptation of sustainability to address sufficiency in the first instance,

leads to the conclusion that changes in the ideological and economic dimensions are key to the

implementation of sustainability beyond mining.

1.2.3 Significance

The significance as envisioned is in the potential use of the sustainability orientated model as a

starting point for the implementation of sustainability goals through the emergence of a new

industrial sector in secondary beneficiation of upstream mining waste residues. The portability of

the model is significant enabling wide geographical implementation. The adaptability of the model

to different conditions is important. The opportunity for the emergence of a new industrial sector

in secondary beneficiation of upstream mining waste residues can be realised not only nationally

and regionally in southern Africa, but also globally, wherever there are natural resources.  In

7 The use of the word “fuzzy” is understood as a “… boundary between the environment and human activity is
itself not neat and sharp; rather it is fuzzy.  There is a constant flow of materials and energy between human
activities and the environment and both constantly interact with each other” (Giddings et al., 2002:194).
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addition, this model can be applied to process waste residues from other sectors such as the food

industry.

1.2.4 Motivation

The motivation for producing a model is that, as I became aware of the pitfalls in making

operational the idea of sustainable development through projects in a trans-national corporation, I

realised that a corporate focus on the triple bottom line was fundamentally inhibiting to the

successful implementation and persistence of sustainability measures.  Socio-economic issues were

not adequately addressed because due consideration was not given to dimensions other than

economic and technological.  A review of the projects as experiments in sustainability allowed me

to conceptualise a sustainability orientated model.  The model had to be placed beyond mining –

research and development thinking is not underpinned by an understanding of complex adaptive

systems.  Research and development thinking is instead rooted in the old paradigm of the economic

dimension and old thinking (where nothing changes).

Sustainability beyond mining is understood in a broad paradigm in which ideological, institutional,

social, demographic and informational considerations in addition to economic and technological

dimensions, are taken into account in the implementation of sustainable development.  The

implementation of sustainable development is put in place outside the responsibility of the mining

industry to provide smoother transitions from mining to post mining local economies, creating

upstream activities that will sustain communities after the depletion of primary resources.  Such a

system has as its aims the elimination of the economic shock of mine closure under current

systems; the reduction of dependency and vulnerability of communities in the vicinity of mining

activities when operations close, or after organisational restructuring and downsizing occur within

the trans-national corporations; and a means of absorbing, in a harmonious and socially just

manner, the inevitable influx of economic migrants into a mining area.  Increasing societal

expectations of the private sector, particularly trans-national corporations in mining, means the

assumption of greater responsibility for sustainability of the communities and environments in

which they operate to offset the increasing alienation and levels of nationalist sentiment within

these areas.

1.3. Chapters Overview

This study comprises five chapters.  This first chapter has specified the domain of the study and

presents the hypothesis, aims and objectives. The propositions presented in this introduction are

expanded on over the next four chapters

Chapter 2: Theoretical Foundation and Regulatory Structures. This chapter provides the

theoretical foundation of the study, starting with an examination of the evolution of diverse
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concepts of sustainability, and the expression of sustainable development as it has been interpreted

globally and specifically within the mining sector in South Africa. As groundwork for later

chapters, an outline is given of mineral beneficiation and how mining fits into the neoclassical

economic paradigm and the extension of that paradigm through globalisation. A description of

regulatory structures underpinning the concepts of sustainability in mining and more generally,

transition theory and complex adaptive systems are presented.  It is argued that these theories

enable the notion of sustainability to be articulated as an ideal, systemic outcome of socio-

economic and socio-political systems.  These theories provide inputs for reflections on the

sustainability experiments from the systems perspective in Chapter 3.

Chapter 3: Sustainability in a Mining Context. This chapter provides an analysis on two levels of

the operationalisation of sustainability through sustainable development projects, which provides

the foundation for the development of a sustainability orientated model of the use of secondary

beneficiation of mining wastes to contribute to sustainability beyond mining in Chapter 4.  At the

first level, two air quality projects show success in terms of the narrow definition of sustainability –

triple bottom line. Analyses of four other projects, in minimising mining waste residues, reveal

success in terms of internal company objectives, but have limited contribution towards broader

sustainability.  However, at a second level, reviewing these same projects as sustainability

experiments from a broader sustainability definition shows them not to have achieved sustainability

in all dimensions of the biosphere.  Further reflections on the sustainability experiments are given

from the systems perspective as developed in Chapter 2.

Chapter 4: A Sustainability Orientated Model - Beneficiation beyond Mining. In this chapter a

sustainability orientated model is offered for the development of a new industrial sector in the

South African context.  The purpose of the chapter is to articulate a model of how sustainability

beyond mining, theoretically conceived in terms of the seven dimensions of the biosphere,

described in earlier chapters, can be given substance in the industrial sector.  There is a situational

analysis to provide the context and rationale for the model.  There is a discussion about what

transitions are needed to move from the triple bottom line of the existing understanding of

sustainability to a system that is more sufficiency and sustainability orientated.  The scope of the

chapter is to communicate the conceptual model and to furnish preliminary adaptations for its

implementation.

Chapter 5: Conclusion.  In this chapter, a conclusion is given followed by a set of

recommendations.  They are in line with the hypothesis of this study – sustainability can be

approached through the implementation of a new industrial sector, using secondary beneficiation of

mining waste residues, beyond mining.  A model for the architecture of the new sector informs the

discussion.
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CHAPTER TWO

This chapter provides the theoretical foundation of the study, starting with a

critical reflection on definitions of sustainability. There follows a description of

regulatory structures underpinning the concepts of sustainability, transition theory

and complex adaptive systems.  It is argued that these theories enable the notion

of sustainability to be articulated as an ideal, systemic outcome of socio-economic

and socio-political systems.  These theories provide inputs for reflections on the

sustainability experiments from the systems perspective in Chapter 3.

2. Theoretical Foundation and Regulatory Structures

2.1. Introduction

This chapter serves as the theoretical foundation for the study based on a systems approach to

sustainability.  Key ideas pertaining to sustainability, sustainable development, how it is regulated,

theories about transitions and complex adaptive systems are discussed. An understanding of

economic models (and globalisation) which currently support the mining industry’s approach to

beneficiation will be offered. The regulatory structures which pertain to beneficiation and mining

are instances of the dominant practices, rules and their ensuing logic of appropriateness in mining.

They are relevant to this study, as the proposal for the emergence of an industrial sector which

supports sustainability criteria in secondary beneficiation of mining waste residues runs counter, in

certain key ways, to those dominant practices.  The three points of divergence are: that the

industrial sector would be beyond mining; second, that there would be a low profit margin because

non-monetary components would be valued; and third, that dimensions other than economic and

technological would be given weight in evaluating service to society and conservation of  the

environment.

There have been many projects in sustainable development in the mining sector, including those

which are discussed in this study.  Generally such projects have not persisted much beyond the

initial impetus.  Of the many reasons which might be adduced for non-persistence, one is

immediately apparent – in any sustainability efforts in the sector, it is their economic sustainability

which is the key consideration.  Dimensions other than economic are not given the same

prominence, either in planning, execution or reporting, as is to be expected in the sector as it

currently operates.  This observation points to the core of the debate between the two competing

approaches to sustainable development discussed in this study. There is, on the one hand, the

dominant neoclassical economic model predicated on continuous growth and maximisation of

shareholder return, in which sustainability projects are an add-on and are policed by the regulator.

On the other hand, there is an economic model which favours the maintenance of a balance



14

between technological development and profitability of organisations, and environmental

preservation.  In this second view organisations such as trans-national corporations, are politically

economic actors (Söderbaum, 2008a:45).  This is not a view the mines have taken up at all in South

Africa.

To contextualise economic sustainability, it is a given that mines are largely owned by trans-

national corporations.  Policies and practice in dealing with local socio-economic considerations

for the trans-nationals are driven by business principles that reflect the praxis of economic

globalisation.  The growth of a global market economy has led to the emergence of a global

political space and a global civil society; in this space and society the economic dimension is

prominent.  Thorn (2006:249) describes some of the history of the trend, “…it is evident that the

present mobilization of a global civil society in relation to economic globalization and

supranational political institutions such as the World Trade Organization (WTO), the International

Monetary Fund (IMF) and the World Bank, has historical links to the post-war, trans-national

political culture of which the anti-apartheid movement formed an important part”.Nation-states

are no longer independent hegemonic systems, instead there are now coalitions between countries

and social movements (Thorn, 2006).  Environmental and sustainability movements arise from

such civil society or social movements and they could represent an “energy-source which makes

change possible” (Midgley, 2001:186).  It is through civil society initiatives that questions are

being asked of industry, of government and of individuals about humanity’s focus onthe kind of

materialism which benefits some sectors of humanity to the detriment of other interrelated systems

in several dimensions.

The discussion which ensues explores concepts of sustainability from a perspective in which

human activity, as it occurs in and affects the biosphere, is a central consideration. This argument is

based on the use of the seven dimensions as defined by Gell-Mann (1994), with which to articulate

a broader concept of sustainability.

2.1.1 Sustainability and sustainable development

Sustainability, and its operationalisation as sustainable development, is a “contested concept”

(Söderbaum, 2008a:1).  Although there are numerous definitions of sustainable development,

Söderbaum (2008a:13-36) has categorised them into three ideological orientations: (i) business-as-

usual, based on neoclassical economics; (ii) social and ecological modernisation or reformist

neoclassical economics; and (iii) a radical interpretation of sustainable development looking at

alternative political economic models.  An illustrated representation of three widely used models of

sustainable development is presented in Figure 2.1.  Each of these models reflects contemporary

thinking about the significance of economics.  In the business-as-usual model, the economy stands

always at the heart of society, and independent of the environment, according to neoclassical
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thinking about economics.  The Three-Ring model (Giddings et al., 2002) considers society, the

environment and the economy as largely independent entities, with overlapping intersections, in

which activities with a mutual impact on each other happen.  Each section of the model or each

entity is given the same significance – the economy, society, the environment in which society

exercises its economic interventions.  There is increasing criticism of the current form of the

economy with its focus on the global market and continuous growth leading to homogenisation and

uniformity dominating economic and political discourse (von Werlhof, 2000:733-734).

In response to the identified shortcomings of the ideological orientation reflected in neoclassical

and adjusted neoclassical paradigms, the Nested model (Figure 2.1) places the economy and society

within the environment. But, resources arising from the exploitation of the environment continue

to be distributed by the market.  Sustainability indicators attempt to measure the extent to which the

boundaries between the environment, the economy and society are valued. Another example of a

radical interpretation of sustainable development, advocating major shifts in paradigm, ideology

and institutional frameworks is represented by the Fuzzy Boundaries model (Figure 2.1).  This

model shows a merging of society and economy and an opening up to the environment, which

highlights the system interdependencies (Giddings et al., 2002). Such thinking is a result of

theories moving toward a pluralistic and democratic philosophy.  It is this latter definition of

sustainable development, based on a system of interactions between human actors, their well-being

and the environment that is posited as ideal in this study.  Sustainability and sustainable

development is conceptualised as a Fuzzy Boundaries system in which society, the economy and

the environment respond and adapt.  There is a further discussion of sustainability and sustainable

development in Section 2.2.

2.1.2 Sustainability beyond mining

To transform economies which are initially driven through mining to a different, secondary

economy is difficult. As a mine reaches maturity and approaches closure, there is a decrease in

production and demand for services, and a consequent reduction of jobs and income for workers

and their dependants – it becomes important for the local economy to reduce the dependency on the

mining activities. The reasons for the loss can be attributed to retrenchment or simply the lack of

sufficient employment for the numbers of people who have moved into the area seeking work

opportunities generated by the mine.  The sustainability of the community in terms of social

welfare, its structures and its income in the vicinity of a mine once the activity has closed, requires

an intervention in three cases: (i) when the planned primary beneficiation operations in mining and

process terminate; (ii) when there are staff retrenchments; and (iii) in relation to the inward

migration of people seeking employment in what is perceived by them as an urban hub.
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Figure 2.1 Three conceptual representations of sustainable development (Adapted from
Giddings et al., 2002).

The finite number of opportunities on a mining operation is a source of social disgruntlement.

Additionally, people in the communities adjacent to the mines most often have low levels of

education as the current practice in the mines is one of active deskilling and engagement in

unfulfilling work – to ensure low levels of pay.  In terms of a sustainability agenda beyond mining,

current practice does not ensure or promote it, despite regulations.  By law, mining companies are

obliged to submit social and labour plans which outline alternate opportunities for affected

communities (Mineral and Petroleum Resources Development Act, 28 of 2002 and the Mineral and

Petroleum Resources Development Amendment Act, 49 of 2008).

2.1.3 Transformations in systems

For sustainable development to move toward achieving sustainability in mining would require

understanding and taking action on the fact that systems in the biosphere are interdependent.  One

such system is that of human activity and well-being in its response and adaptation to processes of

stimulus-response stimuli; with this system are connected all the systems which destroy and/or

conserve the environment; to summarise, all the systems which Gell-Mann has characterised in his

seven dimensions (Gell-Mann, 1994). the differing time scales in which these systems connect and

change each other in the multifaceted ways they do, adds a degree of complexity to thinking about

the systems..  Naturally, this makes new thinking about sustainability difficult.
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Complexity theory, specifically that of aggregate complexity (Arthur, 1999; Manson, 2001),

provides an understanding of sustainability as a concept which can be illuminated and undertaken

from a systems perspective.  The idea of complex adaptive systems is well understood from a

biological perspective and that understanding adds a further element of complexity to the entire

concept – that of wholeness and discreteness – completeness and separateness. The biologist Di

Bernardo (2010:97) gives a description from a biological point of view of how to understand the

complex adaptive system of life: “Life has emerged as already complex and it has always stayed

whole. In this point of view, life must not be researched in its parts, but in the complex of the

emerging properties creating the whole.  In the whole which emerges and self-reproduces there is

no vital force or foreign substance.  Anyhow the complex system has a surprising property which is

absent in each of its other parts: the system in its complex is alive, while its parts are nothing but

chemical molecules.”  Bearing in mind that complex adaptive systems theory is biologically based,

the effort to reframe what are essentially technological and economic interests within a framework

of great complexity such as the biosphere is itself something has taken decades since the 1960s.

However, serious thinkers like Gell-Mann (1992; 1994:329-375; 1995a; 1995b) suggest that there

is the possibility to balance development and sustainability through a set of transitions and

adaptations in seven dimensions.

Transition theory and complex adaptive systems are discussed more fully in Sections 2.3 and 2.4.

2.2. Sustainability

In this section there is a review of sustainability in relation to policy, then sustainability in mining,

and sustainability in corporate reporting.

Sustainability ideas arise in a civil society which has a conception of itself as being part of the

whole universe.  Teilhard de Chardin (1959:12-13; 1965:21-77) went so far as to suggest that a

global consciousness in mankind could evolve – this would assist in the evolution of the human

process. As early as 1930 Teilhard de Chardin viewed the cosmos as “…a system, a totum and a

quantum … all three within a boundless contour”8 (Teilhard de Chardin, 1959:43). In the early

20th Century scholars in the economic, environmental and social sciences began developing and

clarifying the theory of sustainability and its implementation as sustainable development.  The need

8 In the late 19th and early 20th Centuries, systemic views of the cosmogenesis suggested that there were
three stages in its development: the geosphere, the biosphere and the noosphere (cognition) (Vladimir
Vernadsky).  Using these ideas, the philosopher and palaeontologist Pierre Teilhard de Chardin (1881-
1955) developed his omega point concept of the unification of consciousness just as life’s emergence on the
planet transformed the geosphere, so the emergence of human cognition transformed the bioshpere.
Teilhard de Chardin speculated that at the apex, the omega point, as mankind organised themselves into
more complex social networks there would be concomitant greater consciousness.  The expression of this
idea appeared posthumously in his book Le Phénomène Humain (The Phenomenon of Man), finished in
1930 but first published in 1955.



18

to balance social and economic activities with dependence on the environment became part of the

discourse of business. As early as 1979 Lovelock (Lovelock, 1979) had conceptualised the Earth

as a living organism, Gaia; his use of such a metaphor reveals a raised awareness of the integrated

nature of the biosphere and the humans whose future is dependent on the living organism of Earth.

Later, Lovelock (1991:188) suggested that the Earth is not only a collection of living organisms but

acts as a single living organism itself. As a multi-faceted concept, sustainable development,

according to Gell-Mann (1994:347), “…does not mean stagnation with no hope of improvement

…but neither does it meanthe continued and growing abuse of the environment as population

increases, as the poor try to raise their standard of living, and as the wealthy exert high per capita

environmental impact”.  The implementation of sustainable development is therefore complex.

The roots of the modern concept of sustainable development can be found in the Industrial

Revolution of the 18th and 19th Centuries in Europe in the transition processes that moved an

agrarian economy to an industrial one.  Industrialisation, primarily because of changes in

technology, had a major impact on society shifting from a steady-state subsistence economy to one

of sustained economic and demographic growth.  This led to the emergence of the modern market

economy.  Initially there was little regard for sustainability.  Later changing ideas led to an

adaptation of the neoclassical paradigm to take the environmental and social dimensions into

account (Roux, 2002:34-48; Söderbaum, 2008a:6-9). But, the mining industry, focussed on

primary beneficiation, has continued to reflect the dominant neoclassical economic paradigm,

including a reaction to sustainability characterised as weak sustainability.

Sustainable development may be described from a complex adaptive systems viewpoint. When it

is, the achievement of sustainability may then be viewed as a series of transitions inspired by the

desire for a more sufficiency and sustainability orientated world.  Such a purpose, Gell-Mann

(1994:345-366) argues, requires that an integrated approach be followed.  Gell-Mann points out

that in a world of increasing specialisation there is a need for integrative thinking because, “ …no

complex, nonlinear system can be adequately described by dividing it up into various aspects,

defined beforehand” (Gell-Mann, 1994:345-346).  A sustainable world would mean seeing it as a

diverse complex adaptive system that enables people to embrace with insight the demographic,

technological, economic, social, institutional, ideological and informational dimensions (Speth,

1992; Gell-Mann, 1994:345-366).  Five dimensions were identified by Speth as significant to

achieve a sustainable society; this number of dimensions was augmented by Gell-Mann to seven

with the addition of ideological and informational components. A tabulated précis of Gell-Mann’s

seven transitional stages is presented in Table 2.1 (Gell-Mann,1994:345-366).

Sustainable development described as a complex adaptive system in seven dimensions represents a

nuanced and holistic definition.  Social, economic and environmental dimensions together with
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other considerations such as political, military and diplomatic actors can be considered.  The seven

dimensions, when they form the landscape in which any sustainable development takes place,

reflect a more comprehensive view of the biosphere.  Understanding the landscape in this way

simplifies the identification of components to be evaluated in decision-making processes, which are

not simply economic.  These components are relevant at local, national and global levels and can

be said to belong to the seven dimensions in which Gell-Mann suggests transitions must be made to

a more sustainable world.

Table 2.1 Transitional stages to a more sustainable world.

  Stage Transition

1. Demographic Transition to population stability; levelling off of population growth
(discouraging environmental degradation)

2. Technological Transition to production and consumption with low environmental impact

3. Economic Transition to practices that encourage growth in quality not quantity and living
on nature’s income, not its capital

(Speth: where prices reflect environmental costs)

4. Social Transition to equitable access and use of resources, lessening extreme
poverty

(Gell-Mann: includes political, military and diplomatic matters in this transition
stage)

5. Institutional Transition to different arrangements among governments, businesses, and
peoples stronger global institutions to deal with urgent global problems.

6. Ideological Transition to attitudes that favour unity in diversity allowing for co-operation
and non-violent competition among different cultures and nation states and
sustainable co-existence with organisms with which we humans share the
biosphere

7. Informational Transition to a better informed public aware of the complex and multiple
challenges of the future

Adapted after Gell-Mann, 1994:345-366; Speth, 1992

The social dimension as described by Gell-Mann includes political, military and diplomatic

matters.  Speth (1992) though describes poverty as the greatest destroyer of the environment in the

social dimension and proposes that the business community can make an essential contribution to

reduce poverty.  However, it can be argued that it is not only poverty that is destroying the

environment, but also the relentless consumerism associated with the continually growing market

economy, the exploitation of developing countries and their poor, and the laissez-faire attitudes of

governments, military and diplomatic actors. In this study, the demographic dimension is

understood to be subsets of the population. The institutional dimension as described by the Gell-

Mann hypothesis is that trans-national corporations and multi-national corporations channel
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competition into sustainable patterns and temper it with co-operation. Additionally, Gell-Mann

posits that stronger global institutions can or will deal with urgent global problems.

Gell-Mann characterises the ideological dimension as needing transitions to attitudes that favour

unity in diversity leading to collaboration and non-violent competition among different actors.

Such unity in diversity supports the existence of differences and different systems; this co-

existence of systems can be described as pluralism. Both Gell-Mann and Speth view the need for a

series of transitions as important in current market economics from a neoclassical economics

viewpoint.  Institutional transitions from this perspective are but facilitators for globalisation as the

focus remains sustained growth.  The current global economic crisis, however, throws into sharp

relief the profit motive of corporations.  Further, global institutions rarely reach consensus.  The

Kyoto Protocol was intended to reduce the greenhouse gas emissions that fuel global warming

related climate change and was adopted at the Conference of Parties to the United Nations

Framework Convention on Climate Change in 1997, with validity until 2012.  This serves as one

example of a lack of consensus, with countries such as the USA refusing to participate at all, and

others, like Canada, withdrawing from the Convention in 2011.

The Speth/Gell-Mann transitions, as used in this study, are re-ordered from the most essential to

less so from my perspective to serve, as: ideological, institutional, economic, social, demographic,

informational and technological dimensions based on the experiments described in Chapter 3.

Further, the dimensions are used broadly as an ordering device for discussion on the assumption

that it is in the dimensions that transitions need to take place for sustainability. The technological

dimension is ranked least critical, not because as an independent component it is not a complex

system, but because within the whole complex adaptive system of mining, it is so well understood

in terms of its execution. The consequences of extreme technological facility on degradation of the

biosphere are not deemed important in the mines.  Nevertheless the technological developments are

often those which trigger transitions in other dimensions. This is reflected through continuous

improvement and technological innovation products such as improved operational energy

efficiencies and extractive efficiencies.  An illustration of this is the management and mitigation of

spontaneous combustion discussed in Section 3.2.  The representation of the dimensions in a

hierarchical way does not signify that the transitions themselves or the dimensions in which they

take place are innately hierarchical.  Rather the dimensions have fuzzy boundaries and their

connections are complicated, complex and multi-level.

2.2.1 Interpretations of sustainability

In this section, the concept of sustainability is contextualised first then defined in terms of multiple

approaches and finally, the relationship between sustainability and economics is considered.
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The sustainability paradigm is a contested concept as evidenced by the lack of a normative

definition. A complicating factor remains among others the definition of the time frame to be

assumed for sustainability, “ …is a sustainable society one that endures for a decade, a human

lifetime, or a thousand years?" (Worster, 1993:134). The shift in mentalité in relation to the

balance between economic sustainability and the larger question of sustainability has been a long

time in coming.  However, it has come in the late 20th and early 21st Centuries and the richness of

the debate is exercising thinkers from many disciplines (Cato, 2009; Costanza, 1989; Daly & Cobb,

1989; Gell-Mann, 1994; Kapp, 1976; NEF, 2011; RLF, 2011; Söderbaum, 2008a & 2008b; Speth,

1992).  The need for change in structures and institutions in multiple spheres – economic and social

– to transition to a sustainable economy is clear (Jackson, 2009). Consequently there are many

interpretations and definitions of sustainability and suggestions of how sustainability can be

achieved. However, the various definitions of sustainability can be classified according to a

number of dominant approaches – needs approach, limits-to-growth approach, capital-based

approach and human development approach.

The needs approach is one in which sustainable development is, as noted previously,

“…development that meets the needs of the present without compromising the ability of future

generations to meet their own needs”(Brundtland, 1987).  It introduces the concept of needs that

can be satisfied through trade and economic growth and the idea of limitations on the ability of the

environment to meet present and future needs.  It is an anthropomorphic-centred approach – only

humans are actors with needs.  Human actors have the unquestioned privilege of having needs

which must be satisfied.

The limits-to-growth approach is one in which sustainable development means “…improving the

quality of human-life while living within the carrying capacity of supporting eco-systems” (IUCN

et al., 1991).  The focus here is on the quality of life and a steady state economy that is in

equilibrium, rather than growth orientated (Daly, 1974).  Such an economy, although non-growing,

is not static but rather continually maintained and renewed as a steady-state subsystem in dynamic

equilibrium with its environment.  It does not deplete the environment beyond its regenerative

capacity nor pollute it beyond its absorptive capacity (Daly, 1993:815-816).

The capital-based approach to sustainable development treats the environment as a form of capital.

In this approach, natural capital is similar to other capital such as produced capital, human capital

and social capital.  However, natural capital increases through natural replenishment while

consumption depletes stocks.  Consequently, sustainable living requires achieving a balance

between “…living off the interest on natural capital” without depleting the capital stock as

postulated by Daly (1974).
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The assumption that natural capital cannot be substituted for other types of capital is referred to as

“strong sustainability” (Kirsch, 2009).  Strong sustainability in its definition does not allow the

natural resource base to deteriorate and argues that the interdependence of human economies and

the environment are not interchangeable.  The natural resource base provides the ultimate means,

the basic life-support functions, on the pathway to achieving the ultimate end, that of human well-

being (Figure 2.2). Natural capital is converted through science and technology to intermediate

means defined as built capital and human capital, the productive capacity of the economy.  These in

turn feed into the political economy to accomplish all higher purposes.  The intermediate ends are

goals that governments and economies are expected to deliver – outputs.  However, there is no

guarantee of the ultimate end – human well-being. The definition of sustainable development as

“…a dynamic process which enables all people to realise their potential and improve their quality

of life in ways which simultaneously protect and enhance the Earth’s lifesupport systems”(LSX,

2011) gives weight to social equity, human dignity and ecological integrity and in this way reflects

strong sustainability. Strong sustainability is further subdivided into two fields; one entails that the

value of natural capital be preserved which for mining, requires that primary beneficiation be

compensated for by an investment in substitute shadow projects of equivalent value; and the other

calls for a portion of the total natural capital to be allocated to conservation so that its functions

remain intact as critical natural capital (Sedlacko & Gjoksi, 2009).  The counter argument runs that

although there is some biophysical degradation, regulated behavioural change will not guarantee

sustainable development, nor result in an equitable distribution of resources.  Instead, economic

growth is the better indicator of development (Taylor, 2002:6).

Figure 2.2 Daly’s triangle of sustainability (In Meadows, 1998, after Daly, 1973).
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Sustainable development is also described as a regime in which the natural resource base would be

allowed to deteriorate as long as biological resources are maintained at a minimum critical level

and the wealth generated by the exploitation of natural resources is preserved for future

generations.  This is known as “weak sustainability” and extends the neoclassical theory of

economic growth to non-renewable resources as a factor of production, suggesting thus that natural

capital can be traded for other forms of capital if the total amount of capital grows (or at least stays

the same) (Neumayer, 2003).  The assumption is that natural capital is similar to produced capital

and can be substituted for it; it requires natural resources that are abundant, that substitution

between the capitals is possible, or that technological solutions can increase the productivity of

natural capital faster that it is being depleted.  Weak sustainable development argues that natural

capital and manufactured capital are interchangeable and that sustainable development is achieved

when the summed value of capital remains the same or increases.  The mining industry subscribes

to this definition of sustainable development, although aspects of strong sustainability are

sometimes addressed. Such aspects of strong sustainability can be implemented in the mining

industry through delineating areas of critical natural capital for conservation, such as the Diamond

Route (Diamond Route, 2011); or by investment in substitute shadow projects such as independent

power production from mining waste residue stockpiles of coal mine fines to generate electricity.

The human development approach defines sustainable development based on theories of social

choice. Such a human development approach is understood in terms of human capabilities, what

individual actors are able to do, and gives weight to functional capabilities rather than to resources.

In this way, capabilities reflect multi-dimensionality, pluralism and democracy (Sen, 2005:157-

160).

Traditionally, financial sustainability based on economic indicators expressed in monetary terms

has been used as the sole metric of success in a globalised market economy.  Questioning of such a

one-dimensional view has led to the incorporation of a broader range of measures to reflect more of

the multi-dimensional complexity of the system.  The extent to which additional measures are

included in the broadened definition has been extensively debated.

Many interpretations of the concept of sustainable development build on a three-part division of

sustainable development into an environmental, an economic and a social dimension, also known

as the “three pillars”, “triple bottom line”, or the “three Es” (where social is translated to

equity/equality) of sustainable development (Cato, 2009, 2011; Daly 1974; Edwards, 2005:20-23;

Giddings et al., 2002; Hitchcock & Willard, 2006:3-33).  These models illustrate the multi-

dimensionality of the concept in a simple way, although there is little discussion on the nature of

the connections between environment, economy and society (Figure 2.1 above).  In contrast, the
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Daly triangle shows the relationships between the three dimensions required to achieve human

well-being (Figure 2.2).

The relationship between sustainability and economics is considered next. Sustainability interfaces

with economics through the social and ecological consequences of economic activity.  The

international acceptance of the need to reduce the impacts of human activity through business has

translated to an adjustment of existing systems to implement sustainable development. Sustainable

development theories have been founded on diverse worldviews and ideologies.  Such worldviews

and ideologies influence how issues are formulated and actions are proposed by organisations and

individuals.  Sustainability theory has been categorised by Söderbaum (2008a:14) into three

conceptual and ideological pathways. These are (i) business as usual; (ii) social and ecological

modernisation; and (iii) a radical interpretation of sustainable development.  The three categories

are contextualised further in definitions of sustainable development.

2.2.1.1 Sustainability in the business-as-usual model

Sustainability in the business-as-usual model is premised on the continuance of financial security

for the business.  Environmental and social problems are believed capable of resolution with a

“…continued emphasis on economic growth, technological innovations and global market

penetration.  No change in dominant paradigm, ideology or institutional framework is needed”

(Söderbaum, 2008a).  The pattern is one of sustained economic growth at the macro-level and

sustained profits in business, a continuance of the global market economy based on neoclassical

economics measured using financial metrics.  It is presented as an economic component only. The

business-as-usual view is dominated by Political Economic Organisations that believe in the

capacity of the markets and technology to address the problem of dwindling resources (Söderbaum,

2008a).  The emphasis is on the material component of human well-being and on economic growth

to the benefit of all (Sedlacko & Gjoksi, 2009).

2.2.1.2 Sustainability in the social and ecological modernisation model

The social and ecological modernisation or reformist view advocates a broadened definition of

sustainability that addresses environmental and social problems facing humanity.  Consequently,

management systems have been modified in organisations to attend to this kind of sustainability

although there is no institutional change.  Nonetheless input is understood to be “…needed at all

levels from the individual to the organisation, to the local and national government, to the global

level” (Söderbaum, 2008a:14; 2008b:1468).  This sustainability pattern is a modification of the

business-as-usual paradigm of the global market economy.  It continues to be based on neoclassical

economics and financial metrics but with added social and environmental indicators, illustrated in

the interlocking Three Ring model (Figure 2.1 above).  The dominance of economic indicators over
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the social and environmental indicators reflects the bias of the metrics system followed.  Business

organisational and management systems are modified to account for social and ecological

indicators even though the institutional framework remains unchanged while the dominant

paradigm remains neoliberal, with a concomitant neoclassical ideological economics framework.

This enables companies to report on safety, health and environmental factors.  There are numerous

definitions of sustainable development in this category, broadly defined as a needs approach, a

limits-to-growth approach, a capital-based approach, or a human development approach as already

discussed earlier. The actors who hold this social and ecological modernisation viewpoint of

sustainability include political economic organisations such as the sustainable development

community and business.  The focus is on politically acceptable solutions that continue to feed a

market economy and entrenches weak sustainability (Neumayer, 2003; Sedlacko & Gjoksi, 2009).

The broad nature of the concept and definition has led to various attempts at refinements of the

definition of sustainability and sustainable development. Increasingly the future of the Earth’s

environment as a life support system for mankind is being questioned.  Steffen et al. (2007) suggest

humans are now overwhelming the forces of nature and that this is having a universal impact on the

viability of civilisations. A précis of the evolution of the theories of contemporary sustainability is

presented in Edwards (2005). Descriptions and elaborations of sustainable development are

presented by Daly and Cobb (1989), Dietz and Neumayer (2007), Foster (2008), Hart (2007),

Kirsch (2009), Munasinghe (2009), Oldfield and Steffen (2004), Pearce and Warford (1993),

Porritt (2007), Taylor (2002) and in the compilation by Miller (1999). Ecological sustainable

development as defined by Daly and Cobb (1989:69-76, 141-146) emphasises sustainability as 3Es,

environment, equity, and economy.  The relationship between these is described in a triangle

(Figure 2.2) that emphasises the natural environment as a precondition for human life.  It implies

that the threats to natural capital may jeopardise a good quality of life shared by all.  In this

framework the economy serves as a vehicle for achieving ultimate ends. The economy succeeds to

the extent that it conserves and restores the environment and facilitates human well-being.

2.2.1.3 Sustainability in the radical interpretation of sustainable development model

Sustainability theory in the third category proposed by Söderbaum (2008a) considers a radical

interpretation of sustainable development. This requires that the predominant paradigm change:

“ …major shifts in paradigm, ideology and institutional frameworks have to be seriously

considered as part of a pluralistic strategy”(Söderbaum, 2008a:14; 2008b:1468).  An alternative

conceptual model of “…economics and science more generally as part of pluralistic and

democratic philosophy” is advocated for sustainability. In this view competition would be

facilitated rather than the “ …global neoclassical market monopoly”, particularly where

“ …institutional arrangements at local, national and international level are too often dysfunctional
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in relation to sustainability objectives”(Söderbaum, 2008b:1468). Sustainable development,

based on a different ideological, institutional and economic paradigm, is represented by the Fuzzy

Boundaries and the Nested models (Figure 2.1 above). The actors who hold such a radical

viewpoint include individuals (political economic persons) and political economic organisations.

These actors support strong sustainability and the organisational actors are often involved in

environmental movements.

The concept of sustainability as used in this study is based on this third conception, one which

drives a radical re-interpretation of sustainable development. The operationalisation of

sustainability is considered as moving from a static and closed systems point of view to a complex

adaptive systems perspective that is open and “… in which both problems and solutions are multi-

dimensional, dynamic and evolving” (Clayton & Radcliffe, 1996, quoted in Hwang, 1998:2).

An integration of Söderbaum’s concept of institutional economics that embraces a pluralist and

democratic philosophy while facilitating competition, and Gell-Mann’s seven dimensional viewfor

greater sustainability provides the best articulation of sustainable development – Fuzzy Boundaries

– applicable in this study for the following reasons:

 It recognises the need for improvement or development in either small or large steps;

 It allows for the integration of interlinked dimensions and transitional stages while

providing an overarching systemic landscape (this includes the temporal dimension);

 It defines a diverse complex adaptive system inclusive of humanity and not solely for

humanity;

 It provides scope for plurality of different systems;

 It allows for the transitions to sufficiency and sustainability in a teleological and emergent

way;

 It provides a feasible economic model.

2.2.2 Sustainable development in relation to policy making

The international dimensions of environmental degradation were discussed at the United Nations

Conference on the Human Environment in Stockholm, Sweden in 1972 (WCED,1972).  This was

an early systemic intervention to address unsustainable environmental trends.  It was recognised at

the conference that there was a need to direct development and the environment, the natural

resources and ecosystems, through planning and management.  The concept of sustainable

development gained momentum through the report on “Our Common Future” and the famous

Brundtland definition (Brundtland, 1987).  The report introduced a multi-dimensional perspective,

the idea that progress cannot be measured in one-dimensional monetary terms. The multi-

dimensional aspect as interpreted in this report included the ecological imperative and a political



27

commitment.  Such a political commitment can be described in terms of social factors.  Ethics and

ideology are social factors which allow a move away from simple self-interest.  In this way,

Brundtland introduced the objective of non-depletion of natural capital.  However, the narrow

definition of sustainable development in three dimensions – environmental, economic and social –

has evolved primarily as economic sustainability. Consequently the definition of sustainable

development needs to be refined to take into account the complexity of the biosphere.  A global

body for the environment, namely, United Nations Environment Programme was established after

the 1972 United Nations Conference on the Human Environment (UNEP, 2010).  In parallel,

various United Nations member countries were stimulated to establish national environmental

protection through regulatory processes.  An example is the Constitution of South Africa that

includes a clause entrenching environmental rights (see Section 2.6.3).

The concept of sustainable development has culminated in a number of international framework

agreements and protocols to operationalise sustainability.  These agreements and protocols

represent a consensus point of view that recognises the many interconnections between man and

the environment.  Such consensus has enabled global acceptance of sustainable development as an

agenda item despite underlying ideological and institutional differences internationally.  Returning

to international forums, these agreements particularly under the auspices of multi-lateral

organisations have been important drivers in the global implementation of the concept of

sustainability.

In 1992, the United Nations Conference on Environment and Development (the Earth Summit) was

held in Rio de Janeiro.  Outcomes from this conference include the Rio Declaration on

Environment and Development and Agenda 21 (DESA, 1992a, 1992b; UNEP, 1992).  The Rio

Declaration includes a number of key principles.  The precautionary principle was adopted to

ensure that where there are threats of serious or irreversible environmental damage, a lack of full

scientific certainty shall not be used as a reason for postponing cost-effective measures to prevent

environmental degradation. The principle of inter-generational equity was included to meet

developmental and environmental needs of present and future generations equitably.  The principle

of intra-generational equity holds that people within the present generation have the right to an

equal share of the world’s resources and to a clean and healthy environment.  Finally, thepolluter

pays principle enunciates that authorities should endeavour to promote the internalisation of

environmental costs and the use of economic instruments.  The authorities should take into account

the approach that the polluter should bear the cost of pollution, with due regard to the public

interest and without distorting international trade and investment (DESA, 1992a). Agenda 21 (an

action plan for the 21st Century) is an internationally recognised implementation plan for
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sustainable development, to be undertaken globally, nationally and locally, by United Nations

agencies, governments, and major groups (DESA, 1992b).

The role that business could play as a catalyst for change toward the achievement of sustainable

development was recognised. A major group to be addressed in respect of the above principles is

the private sector (UN, 2001).  The World Business Council for Sustainable Development

(WBCSD) was founded just prior to the 1992 Rio Conference to involve business in sustainability

issues and give it a voice in the forum.  The UN Global Compact, launched in July 2000, is a policy

platform and a framework for companies that are committed to sustainability and responsible

business practices, although it is not a regulatory instrument, rather a voluntary one (UNGC, 2010).

It seeks to align business with ten universally acceptable principles in the areas of human rights,

labour, environment and anti-corruption through specialised work streams, management tools and

topical programmes.  Further, the Compact also aims to catalyse support for the Millennium

Development Goals.  The Global Compact places the onus on business, as the primary agent

driving the global economy, to contribute to society in a more inclusive and sustainable way; it

aims to complement regulation and to provide a space for innovation, especially in markets,

technology and finance.

In 2002, the World Summit on Sustainable Development was held in Johannesburg to assess

progress in the implementation of sustainability over the decade since the Earth Summit in Rio.

The Johannesburg Summit reaffirmed the commitment to the implementation of Agenda 21 and the

United Nations Millennium Development Goals.  Additionally, the Johannesburg Plan of

Implementation, arrived at through consensus, detailed a list of priorities for action (WSSD, 2002a,

2002b, 2002c).  Key commitments included those on sustainable consumption and production,

water and sanitation, energy, health, agriculture, as well as biodiversity and ecosystem

management.  The declaration committed all, the public sector, government, the multi-lateral

organisations, donors and the private sector, both large and small, to work together to attain the

Millennium Development Goals, listed in Table 2.2 (UNDP, 2011).  The assumption made is that

by achieving these goals, world poverty will be reduced by half by 2015, additionally to the benefit

of the global economy.  Progress towards the Millennium Development Goals has been slow (or

absent); the actual number of poor have increased especially in sub-Saharan Africa.

The role of partnerships, especially public private partnerships, between governments, and further

between governments and major groups was seen as key to achieving the goals of sustainable

development.  In both the opening and closing addresses to the Johannesburg summit, then

President of South Africa, Thabo Mbeki, emphasised that poverty alleviation is a necessary pre-

condition for sustainable development to be effected, saying "…a global human society based on

poverty for many and prosperity for a few, characterised by islands of wealth, surrounded by a sea
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of poverty, is unsustainable" (WSSD, 2002d:2).  He made explicit the fact that the marginalised

poor, on the edge of survival, are not concerned with sustainable development.

Table 2.2 United Nations Millennium Development Goals.

Goal 1 Eradicate extreme poverty and hunger

Goal 2 Achieve universal primary education

Goal 3 Promote gender equality and empower women

Goal 4 Reduce child mortality

Goal 5 Improve maternal health

Goal 6 Combat HIV/AIDS, malaria and other diseases

Goal 7 Ensure environmental sustainability

Goal 8 Develop a Global Partnership for Development

Source: http://www.undp.org/mdg/basics.shtml

At the Summit, Business Action for Sustainable Development agreed that business had to play a

role in increasing sustainability in consumption and production, but needed support from other

major groups.  The mining sector, represented through the World Business Council for Sustainable

Development, had commissioned the Mining, Minerals and Sustainable Development (MMSD)

project to explore its role in the global transition to sustainable development (IIED, 2002). Reports

from the MMSD project are directly relevant to this study, as they brought in the extractive

industries as a group into a more formal engagement with society and development in general.  The

principles that have become incorporated into the business of major private sector institutions

include:

 Improving the development, adaptation and transfer of technologies to strengthen capacity

building for sustainable development;

 Compliance with environmental legislation and laws regulating liability and compensation

for environmental degradation of the country; and

 Undertaking mandatory environmental impact assessments for proposed activities likely to

impact the environment.

Further, sustainable development has been accepted by the public sector, as illustrated through

various regulatory policy frameworks established by governments, for example in South Africa

(DEAT, 2006), and implementation guidelines developed by multi-lateral organisations such as the

UN agencies (UNEP, 2011a; UNIDO, 2011).
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2.2.3 Interpretation of sustainability in mining

In this section, the concept of sustainability as understood by the trans-national corporations of the

mining sector is considered.

The Chamber of Mines of South Africa conference proceedings from the Mining and Sustainable

Development Conference (COM, 2003) are an expression of the sectoral view on sustainability,

reflected implicitly in the conference sub-title, “Implementation of Sustainable Development in

Mining: from Talk to Action”.  From a mining sector point of view, sustainable development can

be defined as a function of a broad range of anthropogenic activities, one of which is mining.  In

addition, from a conceptual and ideological view point, sustainable development in mining falls

within the broadened definition of sustainability that addresses environmental and social problems

facing humanity through social and ecological modernisation.  The business-as-usual paradigm of

neoclassical economics has been adjusted through management systems to account for social and

ecological factors.  This can be seen in the presentation by Wates and Brown (2003) in which they

contextualise sustainability within a mining-specific environment and argue that the sector needs to

re-assess the way it impacts in its zone of influence.

The assumption is that mining results in an enduring improvement in the quality of life of the

people in the zones of influence of the mining operations.  Wates and Brown (2003) propose a

single aggregate measure for quality of life that can be used across different scales at which

contributions must be measured, and to differentiate between the contribution that the same mining

venture can have in different socio-economic and biophysical settings.  The timeframe for

contributions to sustainable development from mining is not articulated much beyond the

operational phase, although the need for a post-closure pact with local communities is mentioned.

The measure of sustainable development by the mining companies is some form of improvement,

increase or progress.  The contribution from mining during the operational phase is readily

quantifiable.  On the other hand, the measure of post-closure benefits remains problematic, often

with an increased burden of environmental and social liabilities to the state.  Social pacts or post-

closure pacts with communities, if unregulated or weakly monitored, may lead to irresponsible

mining or dereliction of post-mining commitments, as has been the case (Coetzee et al., 2008;

DMR, 2009).

The World Business Council for Sustainable Development (WBCSD) outlined the “ …purpose of

business is to provide continually improved goods and services to an increasing numbers of people

at a price that they can afford” (WBCSD, 2006).  The model presented by the WBCSD for

“ tomorrow’s global business”  (Figure 2.9) comprises different stages, namely understanding,

opportunity, strategy and long-term measures.  Business believes that the full implementation of

such a model would contribute significantly to the addressing of societal problems.  This has been
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summarised in the following statement of the manifesto: “By pursuing these aspirations we believe

we will move our companies into new areas, pushing the boundaries of business activity as they

seek to create greater synergy between our goals and those of the society we serve” (WBCSD,

2006:5).  What is new in this approach is the reassessment of the role of business in society.  There

is recognition that businesses have a direct interest in promoting development and economic

growth as this creates new markets and jobs.  Julio Moura, Chairman and CEO, Grupo Nueva,

stated in this WBCSD article that “Development is our business as much as that of governments

and aid agencies.”  In evaluating performance, the report talks to the need to design long-term

measures and metrics to explain why these are valid indicators of sustainable value creation as a

management tool and part of governance systems (WBCSD, 2006).

Figure 2.3 A model proposed by the business sector “for tomorrow’s global business”
(WBCSD, 2006).

2.2.4 Reporting of sustainable development

The commitment of the mining industry, particularly trans-national corporations, to a role in

sustainable development is evidenced by their compliance with regulatory guidelines and

participation in organisations such as the International Council on Mining and Metals and WBCSD.

This commitment is revealed in the measure of how much sustainable development, a non-core

activity and termed “ corporate social responsibility” , is undertaken.  Corporate social

responsibility is reported on annually by the mining sector and includes goals, progress and

achievements in terms of the triple bottom line indicators – economic, social and environmental –

while annual financial reports are produced separately.  The corporate social responsibility reports

quantify and qualify the sustainability initiatives of trans-national mining corporations in line with
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the narrow consensus definition of sustainable development agreed to in the Johannesburg Plan of

Implementation (WSSD, 2002c) and report using guidelines from the Global Reporting Initiative

(GRI, 2011).

Although the sustainability metrics used by industry are as suggested in the Global Reporting

Initiative, there are several difficulties.  Many of the negative impacts of trans-national mining

companies are termed “ externalities” .  Such externality costs are borne by others and are usually

caused by “…organisational boundaries (i.e. the limits on what we consider the organisation to be

responsible for) and subsidies (tax breaks and the like)” (Hitchcock & Willard, 2006:214).  Other

complexities include difficulties in the standardisation of social and environmental metrics,

discounting rates and the accounting system itself (Hitchcock & Willard, 2006:213-230).  As Sen

highlights “The problem is not with listing important capabilities, but with insisting on one pre-

determined canonical list of capabilities”  (Sen, 2005:158).

The use of Global Reporting Initiative and similar metrics further emphasises the separateness of

sustainability from mainstream accounting processes.  Sustainability is mainstream – however it is

currently not recorded, as the focus remains on metrics without a well understood International

Financial Reporting Standards (IFRS) type currency.  The exchange nature of any economy

requires that the commercial viability be integrated through the use of a standardised unit of

measure for both tangible and intangible values.

Mechanisms used currently to manage the triple bottom line include:

 Environmental management systems. Based on ISO 14000 standards, these are

implemented by trans-national corporations, including those in the mining sector.  These

systems are subsequently certified by external evaluators.  ISO 14000, the International

Organisation for Standardisation’s guidelines on environmental management systems, is the

benchmark by which corporations can assess the effectiveness of their environmental

practices (Rondinelli & Vastag, 2000:499).  Included in the ISO 14000 series are the

ISO 14001 Environmental Management Standard and other standards in fields such as

environmental auditing, environmental performance evaluation, environmental labelling and

life-cycle assessment.

 Corporate governance.  The requirements to which mining companies are subjected in

corporate governance include the King reports, a series of three reports that institutionalise

and integrate corporate governance in South Africa (taking into account stakeholder interests

and encouraging the practice of good financial, social, ethical and environmental practice)

(SAICA, 2011).  The contribution from mining during the operational phase is readily

quantifiable.  However, the measure of post-closure benefits remains problematic because

there is often an increased burden of environmental and social liabilities.  The ICMM has
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compiled and issued best practice guidelines and toolkits to assist the mining industry to

report on sustainable development through the use of guidelines such as Sustainable

Development Framework and the Sustainability Reporting Framework (ICMM, 2010).

However, these sustainability reporting guidelines do not detail quality of life indicators such

as those based on Maslow’s needs hierarchy that starts with addressing the need for food and

shelter, then for security and health, social acceptance, self-esteem and finally, self-

actualisation (Maslow, 1943).

2.3. Transition Theory

The implementation of sustainability in mining in this study is described in terms of a series of

desired transitions in multiple dimensions. This section presents the salient aspects of transition

theory which are used to inform the argument presented in subsequent chapters. The volume edited

by Elzen, Geels and Green on “System Innovation and the Transition to Sustainability”  is one of

the prominent collections on transition theory and has been extensively used in this study (Elzen et

al., 2004).

Adaptations in a system can be effected through small incremental steps or through larger jumps.

Larger step changes usually occur in tandem with system innovations.  Steps or transitions are

defined as a move or evolution from one form or state of equilibrium to another. These

“…forms/states have certain internal characteristics, which give them coherence and stability”

(Geels et al., 2004:2).

In order to give effect to change, transitions have specific characteristics and linkages between

processes at multiple levels.  These can be categorised as architectural or disruptive of existing

technology and linkages, as niche creating, as incremental or as revolutionary, or disruptive of

technology while retaining linkages.  New ideas grow in technological niches. The trajectory of an

idea is influenced by the socio-technological regimes in which it is embedded.  The socio-technical

regime consists of different actor groups and is a dynamic system of continuous incremental

adaptation.  Such incremental adaptation accounts for its stability.  The social technical landscape

encompasses the technological trajectories.  Further, it provides the stability for the niche and

regime, is heterogeneous with either slow changing factors or disruptive factors (Geels et al.,

2004:1-16; Geels, 2004:32-47). “While regimes can be changed by the actors in the regime, it is

more difficult to change landscape factors” (Geels 2004:35).  Radical innovations are generated in

niches.  An illustration of system innovations within a landscape, socio-technical regime and niche

from a multi-level perspective is presented in Figure 2.4.

Transitions are multi-actor, multi-factor and not caused by change in one but the result of

interactions between factors and multi-level processes.  Multi-level processes occur inter and
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within levels.  Further, such levels may be located within societal groups and between societal

groups.  Changes in the interactions take time to develop.

Figure 2.4 A dynamic multi-level perspective on system innovations (After Geels,
2004:38).

Within systems, innovation or change is often incremental, leading to trajectories in different

dimensions.  As long as these trajectories are aligned, socio-technological systems are stable.  This

stability is the emergent outcome of many activities by many actors.  Stability need not be

harmonious; at a micro-scale it can have tensions and be disruptive.  Such a system loses its

stability and creates the opportunity for change.  This change leads to a range of different contexts

and with these many possible transformation pathways. Although transitions cannot be managed,

the trajectory of such transitions can be influenced (Berkhout et al., 2004:48-75).

In analysing the transition to sustainable mobility, Kemp and Rotmans (2004:137-167) describe

transition as a four phase S-curve, from pre-development, to take-off, breakthrough and finally

stabilisation (Figure 2.5).  Kemp and Rotmans (2004:140) neatly summarise a transition as the shift

from an initial dynamic equilibrium to a new dynamic equilibrium, characterised by fast and slow

developments as a result of interacting processes, and involves innovation in an important part of a

societal sub-system.
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Figure 2.5 Four phases of a transition (Kemp & Rotmans, 2004:140).

Transitions develop in a co-evolutionary way with changes in the supply side and the demand side.

They are architectural innovations involving changes in the elements and structures of (socio-

technical) systems.  They are multi-actor processes involving different groups. Processes of

structural change, the outcome of the interaction of multi-level processes, unfold within a long

timescale, in the order of several decades (Kemp & Rotmans, 2004:141).  Transition management

is an interactive process that takes place between heterogeneous actors, each with own

expectations.

2.3.1 Collaboration mechanisms – directed adaptation

Transition management reflects the complexity of the system within which an innovation occurs.

The multi-actor nature of the collaboration means the focus is wider than just an industry or a

sector system of innovation.  The emergence of new industries can be the result of co-evolution

between (i) the actors, (ii) the institutions and (iii) the rules and regulations in ‘' triple helix

dynamics” (Etzkowitz & Leydesdorff, 2000:111) and how the three collaborate in innovation

communities (Figure 2.6).  These “triple helix”  systems can be seen as “top -down approaches that

emphasize institutional actors” (Brännback et al., 2008:1108) with a focus on the supply-side and

production of innovation, narrowing it down to the market as a neutral selection environment.

Brännback et al. (2008:1108) argue for a more bottom-up approach using double helix models, in

order to align with the understanding that users do more than buy and adopt new technologies, they

also “domesticate” them to fit existing user contexts.  Consequently, there is a need to understand

the significance of and how users integrate the artefact into their user practices.  It fits an emerging

trend in which the role of the individual actor is more significant.  These observations imply that

system innovations are far more multi-dimensional than existing models have accounted for

(Edgerton, 1999:111-129; Geels et al., 2004:3-4).
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Figure 2.6 The Triple Helix Model of university-industry-government relations
(Etzkowitz & Leydesdorff, 2000:111).

2.4. Complex Adaptive Systems

Sustainable development as implemented in the mining sector is a non-core activity that addresses

the social, economic and environmental factors as the triple bottom line.  This definition of weak

sustainability does not take the interconnectedness of the biosphere nor its temporal nature into

account. The idea of systems being complex and adaptive is descriptive of the biosphere (Gell-

Mann, 1994). Chemical, physical and biological phenomena are described mainly as processes, not

laws, with a temporal aspect.  Di Bernardo (2010:97) describes the temporal aspect as part of the

processes “ …in which time always brings new information, it is in fact in time that the system’s

“choices” are determined”. Therefore the emergent evolution “ …cannot be predicted starting

from the initial conditions” (Di Bernardo, 2010:97). The acquisition of information in a complex

system results in adaptation in transition steps within multiple dimensions.  The discussion about

development in the biosphere has been organised from the understanding that Earth is an

interconnected system.

The Earth-as-organism or Gaia theory defines “…the Earth as a system where the evolution of the

organisms is tightly coupled to the evolution of their environment.  Self regulation of climate and

chemical composition are emergent properties of the system.” (Lovelock, 1979, 1991:188).  In this

way, each interdependency or interconnectedness of all matter is to be understood as an integrated

whole, as part of a system.

A system consists of a set of components which interact in a theoretically predictable manner.  All

interactions form systems as Dooley (1996:2) says: “ The complexity paradigm uses systemic
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inquiry to build fuzzy, multivalent, multi-level and multi-disciplinary representations of reality.

Systems can be understood by looking for patterns within their complexity, patterns that describe

potential evolutions of the system. Descriptions are indeterminate and complimentary, and

observer dependent.  Systems transition naturally between equilibrium points through

environmental adaptation and self-organization; control and order is emergent rather than

predetermined”. Changes in any system are the result of interacting stressors including the failure

of management and policy and a lack of general awareness of the causes and consequences of

depletion and disruption.  Complex, nonlinear systems are often characterised by thresholds or

“tipping points”  where a small adaptation may lead to a significant loss of functionality resulting

in depleted or disrupted systems.  However, new interdisciplinary approaches and conceptual

frameworks have led to “ …new insights into strategies for adapting to changes in the system and

designing resilient and effective institutions, new knowledge is beginning to inform policies and

practices” (Lubchenco & Petes, 2010:115).

Complex adaptive systems are special cases of complex systems which have the capacity to change

and learn from experience and in this way, are adaptive. “ The complexity paradigm is

operationalised by the concept of a complex adaptive system” (Dooley, 1996:2).  Examples of a

complex adaptive system include economies, ecologies, weather, traffic, social organisations, and

cultures (Gell-Mann, 1994:16-21).

The seven interconnected stages in which transitions need to happen for sustainability, as proposed

by Gell-Mann (1994), provide a series of schematic dimensions which can be seen as areas in

which to achieve adaptations in complex adaptive systems as tabulated in Table 2.1.  Further, Gell-

Mann’s terminology of “sustainability through transitional stages” is used to contextualise and

evaluate the efficacy of the process of sustainable development in-action.

The central theme of Gell-Mann’s book “The Quark and the Jaguar” is simplicity, complexity and

complex adaptive systems with which he links his title to the quark, the jaguar and humanity. For

Gell-Mann the degree of complexity increases through a process of adaptation.  The resultant

complex system may be successful, adaptive or it may fail, maladaptive.  Complex adaptive

systems function best in the intermediate or transition zones between order and disorder.  Some

examples of complex adaptive systems are illustrated in Figure 2.7.  The preservation of biological

diversity cannot be managed within the narrow constraints of the current understanding of

sustainability that embraces economic, social and environmental factors.  The aggregation of

complex adaptive systems into a composite complex adaptive system requires a far broader

understanding of the interdependencies of the various system components.  It requires insight into

demographic, technological, economic, social, institutional, ideological and informational matters.
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These named transitions must be considered if it is to embody the “global consciousness” of

Teilhard de Chardin (1959; 1965).

Figure 2.7 Some complex adaptive systems on Earth (Gell-Mann, 1994:20).

In the final sections of this chapter, an analysis of the mining sector is offered to support an

extended concept of sustainability.  Socio-economic wealth that incorporates transitional processes

relating to sustainability is different from current understandings of growth based on a purely

capitalist, market economy model.  The three pillars of sustainability, which industry usually takes

as a sufficiently comprehensive understanding (as exemplified by the business writings of

Hitchcock and Willard, 2006:8), is the triple bottom line – economic, social and environmental

factors.  The understanding of this definition as it is currently taken up in business obscures the

interdependence of all the stages which Gell-Mann outlines.  But it is specifically in executing what

business understands the triple bottom line to entail, that consequences, which are not part of a

sustainability perspective, are observed – the disconnect between intent and outcome.

The concept of orderly transition arises out of chaos theory, in which chaos is understood as the

evolution or transitory period from one stable system to a more complex, disordered system, which

can change existing trends and bring with it positive and disruptive new developments (Gell-Mann,

1994:3-120; Laszlo, 2006:8-42, 98-109). Chaos in modern systems theory defines the state of a
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system in which its stable cycles and processes give way to complex, seemingly unordered

behaviour, governed by so-called strange or chaotic attractors.  In this state, the system is

responsive even to tiny, sometimes immeasurably small fluctuations.  A chaos or decision window

is a transitory period in the evolution of a system during which any input or influence, however

small, can erupt.  This leads to the chaos point, the point at which the system can no longer return

to its prior states and modes of behaviour, and instead finds a new pathway and equilibrium point.

Such a pathway leads either to breakdown or to breakthrough to a new structure and a new mode of

operation.  (Laszlo, 2006:8-15, 98-109). It is important to have an orderly transformation to social

well-being, to sufficiency.  In an economic system, a disruptive transition would impact on

sustainability in general, and on financial and social facets in particular.  The Gell-Mann

transitional process offers a way to transition through directed and managed adaptations in each

dimension and across the dimensions from one to another complex system.

If a sustainable socio-economic growth pathway is to be successful for any business sector,

appropriate enabling mechanisms that can provide a transition to a different kind of growth would

need to be developed, discussed and implemented.  It is my contention that larger trans-national

corporations are sustainable in the aggregate although individual mines and process plants are

subject to cycles of growth, maturity and ultimately decline.  But, were the corporations to adopt a

perspective on sustainability which is different than what they currently hold, then the trajectory to

sustainable development could be enhanced. In my critique of the mining sector in South Africa, I

illustrate that the trans-national corporations, and the multi-lateral organisations, do already have

elements of Gell-Mann’s set of seven transitions “to a more sustainable world”.  But there is more

to be done.  My suggestion for sustainability is informed by the dynamic of the mining sector as

reflected through the experiment on cleaner production and residue beneficiation in Chapter 3.  The

opportunity for the augmentation of socio-economic activities within and surrounding mining

districts using the new approach for the emergence of a new industrial sector is discussed in

Chapter 4. These new secondary business opportunities can be initiated both during the life of mine

and beyond mine closure.  Such secondary business opportunities effectively increase the life of

mine by the time it takes to re-process mining waste residue and waste rock and in this way,

contribute to sustainability beyond mining.

The nominal definition of complex adaptive systems proposed by Dooley (1996:2-3) arises from

“…seminal contributions by Jantsch, Prigogine and Stengers, Maturana and Varela, Gell-Mann,

and Holland”. Dooley (1996) says a complex adaptive system consists of agents which “ …are

semi-autonomous units that seek to maximize their fitness by evolving over time.  Agents scan their

environment and develop schema. Schema are mental templates that define how reality is

interpreted and what are appropriate responses for a given stimuli. These schema are often
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evolved from smaller, more basic schema. …  Schema can change through random or purposeful

mutation, and/or combination with other schema... The fitness of the agent is a complex aggregate

of many factors, both local and global.  Unfit agents are more likely to instigate schema change.

Optimization of local fitness allows differentiation and novelty/diversity; global optimization of

fitness enhances the complex adaptive system coherence as a system and induces long term

memory” (Dooley, 1996:2-3).  Importantly, systems transition from one stage to another through

adaptation and self-organisation; control and order is emergent rather than predetermined.

McQuade and Butos (2009:78-79) amplify the description of an adaptive system “…as a network

of interacting elements immersed in a dynamic environment to which the elements (at least some

of) are sensitive.  The interactions between the elements which maintain the network are repetitive

and localized, but not absolutely constrained, so that, while they give the network obvious

structure, they can adjust, modifying the structure, as reactions to environmental changes

percolate through the system.”Further clarifications on complex adaptive systems are available in

Cohen and Stewart (1994), Dobson et al. (2007), Dooley (1996), Gell-Mann (1994:16-41),

Goldstein and Merry (2004), Mateos (2006) and Maturana and Varela (1992).

The interdependency of the semi-autonomous units or agents within a system makes it difficult to

separate and categorise them separately.  This complexity is expressed by Latour (1993:3) as

follows “…let us not mix up knowledge, interest, justice and power.  Let us not mix up heaven and

earth, the global stage and the local scene, the human and the nonhuman. ‘But these imbroglios do

the mixing,’ you’ll say, ‘they weave our world together!’ ‘Act as if they didn’t exist,’ the analysts

reply.  …on the left, theyhave put knowledge of things; on the right, power and human politics.”

This forms an integral part of the actor network system approach in which “…networks are

simultaneously real, like nature, narrated, like discourse, and collective, like society” (Latour,

1993:6).

A complex system consisting of components and interactions can behave either in a predictable

fashion, or with the appearance of unpredictable characteristics, in a chaotic manner.  Such a notion

is the most significant difference between the reductionist thinking and the non-reductionist holistic

one.  Reductionist thinking views a complex system as nothing but the sum of its parts reducible to

individual components. From an anti-reductionist perspective however a complex system is

understood as the whole is bigger than the sum of its parts with holistic properties that cannot be

reduced to single elements (Di Bernardo, 2010). Di Bernardo concludes that although the

biosphere is an exceedingly complex adaptive system “…manifestations of universal natural laws,

which were the rule for classical science, are in reality rare exceptions”  (Di Bernardo, 2010:98).

Consequently, a new characterisation of time not as a simple variable but as a process that brings

with it novel characteristics has evolved. “ Most chemical, physical and biological phenomena are
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not explained in terms of ‘ laws’ but as ‘processes’ in which time always brings new information, it

is in fact in time that the system’s‘choices’  are determined; such choices are going to constitute

the system’s‘history’  by following an evolution which cannot be predicted starting from the initial

conditions”  (Di Bernardo, 2010:98).

A complex adaptive system can be described as consisting of agents or active elements that are

diverse in form and capability.  These agents react to stimulus-response rules that lead to

adaptation, the process whereby an organism fits itself to its environment.  Each complex adaptive

system has seven basics: four properties – aggregation, non-linearity, flows, diversity – and three

mechanisms – tagging, schema, building blocks – in common  (Holland, 1995:1-40).  The

behaviour of an aggregate agent depends on the interactions of the component agents in the

network.  These aggregate agents in turn may be aggregated to add new hierarchical levels and in

this way are adaptive agent.  Aggregation in complex adaptive systems is defined in two ways, one

refers to simplifying complex systems, generally into categories which can be used in modelling,

the other to what complex adaptive systems themselves do, rather than how they are represented in

models. This doing refers to the “ …emergence of complex large-scale systems from the aggregate

interactions of less complex agents”.  Such aggregate agents can become meta-agents at a higher

level.  When this process is repeated, it forms the hierarchical organisation of a complex adaptive

system.  This latter form of aggregation is the key characteristic of a complex adaptive system with

the resultant emergent phenomena.  The interactions, the demarcation of boundaries and the

behaviour of contained interactions between adaptive aggregates are important in understanding

complex adaptive systems. Tagging facilitates the selective interaction, while the schema is an

internal model.

The concept of an orderly and disruptive transitions is described using modern systems theory.

Complex adaptive systems, an example of which is humanity, function best in the transition zones

between order and disorder (Gell-Mann, 1994:3-120).  A chaos or decision window is a transitory

period in the evolution of a system during which any input or influence, however small, can erupt.

This is the chaos point, the point at which the system can no longer return to its prior states and

modes of behaviour and instead, finds a new pathway.  Once a discontinuous break or change is

made, the system cannot return to the previous order.  The concept of orderly and directed

transition arises out of chaos theory, in which chaos is understood as the evolution or transitory

period from one stable system to a more complex, disordered system, which can change existing

trends and bring with it positive and disruptive new developments (Gell-Mann, 1994:3-120; Laszlo,

2006:8-42, 98-109).

An example of an orderly and adaptive transition is the change in the government of South Africa

from an apartheid state to one of a participatory democracy.  In contrast, the transformation in both
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Angola and Mozambique from Portuguese colonial rule to national independence was a disruptive

and maladaptive process.  Independence was followed by years of internal conflict, collapsed

services and infrastructure before the transition from this disorder evolved into greater order.

The Haber-Bosch process, developed in the early 20th Century, represents a disruptive

technological transition.  This process enabled the large-scale manufacture of synthetic nitrogenous

fertilisers, facilitating a revolutionary increase in agricultural productivity that enabled a growing

world population to be fed.  The prior reliance on supplies of guano and other natural fertilisers in

agricultural production was drastically reduced.  The same Haber-Bosch process was also used to

manufacture nitrogen based explosives, leading to many deaths in subsequent local and global

conflicts (Hager, 2008:1-281).

In an economic system, a disruptive transition would impact on sustainability in general, and on

financial and social facets in particular.  The Gell-Mann transitional process offers a way to ensure

the transition to a different economic system is directed and adaptive. In the ideological

dimension, the support for co-existence and therefore pluralism of systems, allows different

economic systems to operate. Thus the continuance of current economic activity is possible while

adaptations occur within the economic dimension transitioning it to greater sustainability.

A social order of actors can be considered as a persistent and mutable network that is adaptable to

its socio-technological landscape.  It represents a model that McQuade and Butos (2009: 77) say is

“…neither exclusively reductionist in that it encompasses emergent phenomena and adaptive

reactions at the system level, nor exclusively holistic in that it pays due attention to the lower-level

interactions which drive the system…”.  This allows an understanding of the extent to which the

adaptability and stability of the socio-technological landscape influences the current mutable

network of social order.  In the classification of orders, there are spontaneous orders and

organisations with a clear distinction between the two.  Walsh (2009:55-56) refers to the work by

Hayek (1973:36) for this classification where spontaneous orders flow from the “rule -following

behaviour of individuals” and have no purpose even though individual behaviour is coordinated

and  ordered “…by rule-following by the individuals participating in the order”.  In contrast,

organisations have been created for a purpose and are coordinated by the organiser while “ …rule-

following behaviour can be used to ‘fill in the gaps’…” where the rules between commands “…

are of a particular type – rules of purpose”(Walsh, 2009:55-56).

In arguing whether the “…study of component sub-systems is sufficient to give valuable

information about the functional organisation of the overall system itself…”, Ricard (2004:719)

concludes that “…networks display properties that cannot be understood from the sole analytical

and reductionist approach.”  With this in mind, the seven dimensions in which transitions should
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happen as proposed by Gell-Mann have been used in this study.  However, the study does not

confuse the heuristic information derived from experiments and represented in the form of network

with the real networks that involve biochemical and/or physical processes governed by natural laws

(Rosenfeld, 2011:400).

2.5. Beneficiation

This section consists of three parts, namely the technicalities of beneficiation; the economic

paradigm in which the beneficiation is currently understood to operate optimally; and then what

globalisation means for beneficiation and what it means for sustainability.  Beneficiation is

discussed in its technical and technological dimension as this is the basis for this entire study.  The

experiments and their critique, as well as the proposed model have to be understood firstly in the

ground in which they are embedded – that is, beneficiation.

2.5.1 Beneficiation in technical terms

In terms of the background to this study a technical understanding of the process of beneficiation as

is currently practised in the mining sector is needed.  Beneficiation in this section is assessed in

relation to the economic model in which trans-national corporations have been established and

operate.  Further, the nature of the economic activity with its focus on continuous growth and

market economy requires consideration of how globalisation is affecting local economies.  This is

provided in some detail to support the development of a model of a new industrial sector offered in

Chapter 4.

Beneficiation from a technical perspective in mining is understood as the series of processes which

allow extracted ore to be separated into mineral or metal, and gangue material.  The mineral and

metal products can be processed further or used, while the gangue material is stockpiled as waste,

or for possible processing should it become economically viable at a later stage.  The value chain

from physical mining processes, through metallurgical extractive processes with their resulting

mineral and metal products is termed primary beneficiation.  Beneficiation belongs principally in

the technological and economic dimensions.

The technological dimension of the mining industry, as a result of the nature of the activity, has

evolved rapidly and progressively.  Ore destined to undergo pyro-metallurgical processes is

physically concentrated through milling and flotation beforehand.  Ore destined for

hydrometallurgical extraction is broken or crushed before being leached (Davenport et al.,

2002:31-54; Merkle & McKenzie, 2002).  Minerals, such as copper and platinum for example, are

too dilute in the ore-bearing rock to be directly smelted (0.5 to 2 % for copper, and >2 g t-1 for

platinum group elements, Barnes & Maier, 2002:432).  To heat and melt the large quantities of

rock to extract these small quantities of the desired mineral and metal from the ore requires a great
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deal of energy and furnace capacity.  There is great pressure on the mines to undertake cleaner

production and use less energy.

The commonly used definition and established view of cleaner production was developed by the

United Nations Environment Programme (UNEP) in 1990 and states that “Cleaner production is

the continuous application of an integrated preventative environmental strategy, to processes,

products and services, to increase efficiency and reduce risks to humans and the environment”

(UNEP, 2011d).  Such practices focus on the idea reduce, reuse, recycle to conserve raw materials

and energy, eliminate toxic inputs and reduce toxic outputs reflecting a design philosophy for its

processes.  The United Nations Industrial Development Organisation (UNIDO) is the agency

mandated to focus on sustainable industrial development.  It is also responsible for the roll-out of

National Cleaner Production Centres to encourage the use of cleaner production methodologies in

developing countries.

For reduce, reuse, recycle to be implemented in a country on a systematic basis, requires a

regulator.  The imperative to change towards cleaner production, in particular for the mining sector,

has had to be driven by legal mandates.  Regulations have been put in place during the period in

which mines have operated in South Africa, in keeping with evolving ideas about processes,

procedures and the impact on the economy, the workers and the environment – these regulations

are mainly aimed at changing processes to improved levels of efficiencies.  The mines require some

form of inducement to offset existing investments in capital intensive infrastructure.  Continuous

improvement strategies, which focus on incremental adjustments, are sought after, particularly in

cases in which the same inputs result in more output, a reduced amount of waste or lower energy

use per unit of output.  From the changed perspective, waste is viewed as a by-product of the

process – with cleaner production methodologies management looks to gain financially from the

value of this waste.

The International Council on Mining and Metals (ICMM) has taken a systems approach to

materials stewardship.  Materials are considered from the angle of resources, processes and product

life cycles.  This perspective is outlined as the “minerals cycle” (Figure 2.8).  The starting premise

is that it is critical to understand the materials flows and life cycle benefits; to build and strengthen

relationships with other players in the value chain; and to optimise production and provide inputs to

support decision-making.

The concept of life-cycle assessments of materials from cradle-to-grave and cradle-to-cradle is a

good mechanism with which to assess the implementation of sustainability in trans-national

corporations.  McDonough and Braungart (2002) and Benyus (1997) have argued persuasively for

the need to re-assess design.  They raise questions about how products are made to address cradle-
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to-cradle, environmental concerns.  The trans-national corporations in the mining sector readily and

willingly implement cleaner production methodologies provided that they result in process and

production efficiencies, and that these efficiencies can be quantified financially.  The same

principles of cleaner production can also be utilised to evaluate the sustainability of post-mining

economic activities.  The difficulty is quantifying such activity in clear financial terms.

Figure 2.8 Materials stewardship life cycle (ICMM, 2007).

The minerals cycle is divided into two main flows, process stewardship and product stewardship

(Figure 2.8).  Process stewardship includes exploration, mining, concentration, smelting and

refining.  This value-add chain is effectively primary beneficiation.  Primary beneficiation is

characterised by capital-intensive plants; these plants generally have low employment levels

engaged in the production of mass intermediate products.  This is the case in South Africa, where

such intermediate products account for a significant part of the national mineral revenue.  Product

stewardship, on the other hand, involves transforming the feedstock downstream or upstream from

the process stage in fabrication, in design and in manufacture.

Beneficiation or value-add of both upstream by-products such as wastes and downstream by-

products such as the readily saleable product, can be seen as an extension of cleaner production.

Residues or wastes are co-generated as by-products of industrial, mining, agricultural, municipal

and other processes.  These resultant materials may be organic, inorganic, non-hazardous but in
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some instances, hazardous in nature.  Increasingly, the large volumes of residues or wastes

generated through such processes require long-term environmental management.  Advances in

materials technologies have opened up numerous economic opportunities to reduce, reuse and

recycle these materials or natural resources.

An illustration of the case for beneficiation of residues, in this instance materials research and

development, is presented by Pappu et al. (2007).  India for example, produces ~960 Mt per year of

wastes, including inorganic mining waste residues; this could represent a significant resource

available for further exploitation and enterprise development were product stewardship to be

considered differently than it is now.  There is a worldwide shift toward the recycling of metals,

although economies of scale still favour large primary mining and smelting complexes over smaller

recyclers (Ayres, 1997:145).  The relationship between environmental performance and business

performance can be undertaken by assessing low and high cost activities in terms of their financial

contribution to the business performance.  In one case, Zeng et al. (2010) have found an overall

financial, positive impact from cleaner production in the business performance of industrial firms

with low cost activities (exemplified by improving working conditions to reduce waste); high cost

activities make a greater contribution to non-financial performance (such as using energy efficient

and clean technologies).  Some trans-national corporations in the mining sector have begun,

through commitment to materials stewardship, to contribute to the creation of societal value while

minimising the impact on humans and the environment.

At present, industry sells its primary beneficiated commodities through existing economic market

mechanisms such as the London Metals Exchange.  The mining sector, with its focus on the

primary beneficiation of minerals generates millions of tonnes of waste material.  Such mining

waste residue may comprise slag, tailings, slimes, brines and waste rock. Solid materials of this

nature are typically stockpiled, a process that requires long-term management even after the mining

operation has closed. The disposed minerals may carry some intrinsic value, including minor

remnants of the target commodity, and other commodities that were not of primary interest.  For

example, after the collapse of the nuclear energy industry in the late 1970s, uranium in gold mining

ores was no longer extracted and instead was disposed of to the tailings storage facilities (WNA,

2011).  Secondary beneficiation of mining waste residues that are stockpiled opens opportunities of

a different nature to the established market mechanisms.

The routine extractive processes of mining do affect the environment and the complex social

setting associated with those operations.  The industry is guided by the need to give effect to

regulatory and industry specific guidelines. The role of (mining) beneficiation in generating value

for local economic development to benefit communities has grown with the increasing awareness

of sustainable development.  Examples of positive outcomes from this awareness by the industry
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can be shown in relation to safety, conservation and air quality.  One area of improvement has been

safety as reflected in the drive to improve the levels of workplace safety on the mines in South

Africa.  Safety is a challenge for the mining industry but through the introduction of safety

initiatives, the industry has reduced the number of fatalities due to workplace accidents in mines –

a target of zero fatalities and injuries has been set. Industry’s performance since 1996 shows a

reduction in the fatality frequency (Figure 2.9), defined as fatalities per million hours worked.  The

Chamber of Mines in South Africa set an objective of 20 percent annual improvement; since 2003

when safety milestones were agreed to for 2013, there has been a 54 percent reduction in fatalities

(COM, 2006:63; 2011:68).

Figure 2.9 Improvements in South Africa’s  mining industry’s safety performance
(Modified after COM, 2006:63; 2009:10; 2011:68).

The Diamond Route is an example of how the mining industry in South Africa is making a

contribution to sustainable development, in this case through conservation. Established by the

Oppenheimer family, De Beers (Ltd) and its broad-based black economic empowerment

consortium partner, the Ponahalo Group, the route extends over nine mine properties in five

provinces.  It seeks the preservation of diverse habitats and species protection and to enhance

environmental awareness while contributing to social development through evolving opportunities

in education and tourism (Diamond Route, 2011).  Education and tourism initiatives generate

revenue from opening former mining properties to historic, cultural and conservation visitors while

contributing to conservation.
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A further example relates to air quality.  In support of the Department of Minerals and Energy

(DME)9 and as a contribution to corporate social responsibility Anglo Coal sponsored the trial roll-

out of the top-down fire lighting methodology for imbaulas (coal-burning braziers), renamed in a

vernacular language as Basa njengo Magogo (literally make fire like the granny), which results in

lower smoke emissions at no additional cost to the user.  The trial roll-out in a coal burning

township was planned involving awareness and education campaigns, drawing in schools and

households in addition to the characterisation of the township’s air quality (Nuwarinda, 2007:4).

Although the uptake of the methodology was high initially, a measure of the retention of such

uptake together with repeat air quality studies is needed to determine the degree of actual

improvement in smoke emissions particulate matter compared to the controlled laboratory results

(which showed >80 % reduction in smoke emissions).

2.5.2 Economics

An outline of the economic dimension in which mining is carried out globally and locally

contextualises beneficiation as it is currently conceived.  To understand the economic theory

behind the praxis of the mines, an outline of the development of economic theory is presented.

The economy, as a system of production, distribution, and consumption of goods and services that

a society uses to allocate scarce resources to satisfy their unlimited wants and needs through supply

and demand, affects everyone.  The essential task of an economy is to transform resources into

useful goods and services (the act of production), then to distribute or allocate these products to

useful ends (the act of consumption).  Virtually all economies accomplish this task through a

combination of decisions made through voluntary market exchanges and involuntary government

rules and regulations.  A concise guide to the economy of South Africa is available from Roux

(2002), while the fundamentals of economics, particularly from a neoclassical paradigm, are

available in compilations such as that by McConnell (1984).

Economics is a particular view of how goods are traded, and until the environmental crisis became

apparent, classical economics was dominant with its understanding of the role of the individual as a

unit of labour. Economic paradigms affect humans as quality of life is regularly measured in terms

of monetary value with little or no consideration of human satisfaction.  The neoclassical economic

model continues to measure the individual similarly. In the late 20th Century, social and ecological

modernisation of the neoclassical economic model has led to a reformed view that takes social,

environmental and economic factors into account.  Consequently, social and environmental

conditions have improved in mining.  But growth of the market economy, accompanied by

increased globalisation has magnified the awareness of social injustices.  The role of trans-national

9 The Department of Minerals and Energy was re-organised into two departments, the Department of Mineral
Resources and the Department of Energy, in 2008.
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corporations and the planetary rules, as set by the International Monetary Fund and the World

Bank, have resulted in global disempowerment (Conversi, 2009:346; Korten, 2000).

In terms of mining and primary beneficiation, the chronological development of the economic

paradigm shows mining to be ideologically aligned with classical and then later with neoclassical

profit maximisation approaches (Moodie & Ndatshe, 1994).  Economics is viewed as a system

which adapts in response to crises such as wars, power shifts and environmental crises.  A rapid

review of economic approaches is given to aid understanding of the perspective adopted in this

study, i.e. that mining has always been embedded in a particular economic paradigm – first

neoclassical, then reformed neoclassical.

Of the many schools of economic theories, an economic policy which fosters development that is

environmentally and socially benign would seem to be a useful approach to sustainability.

Sedlacko and Gjoksi (2009:6) broadly categorise the relationship between economic theories and

sustainability into three positions: a status quo position, a reformist position, and a radical or

transformational position.  The status quo position defines neoclassical economists and

organisations.  Further, the status quo position holds that economic growth is to the ultimate benefit

of all with emphasis on the material component of well-being; no inconsistency is seen between

economic growth and environmental degradation. The reformist position, usually held by

international agencies and governments, looks to political consensus and involvement of several

actors (including trans-national corporations).  This position is illustrated by the technology-

orientated Green Economy and low-carbon economy discourse leading to regulatory and policy

measures.  The radical or transformational position holds that significant changes in social

organisation are required to move societies away from the current pathway.  Further this position is

generally held by environmental scientists and grass-roots movements. One overview of

environmental economics is available in the compilation by Gilpin (2000) while a reflection on

economic growth is described by Blignaut (2004). A tabulation of a selection of economic theories

and fundamental principles is presented in Table 2.3 (Blignaut & de Wit, 2004b:60-61).

Economic paradigms reflecting the radical or transformational position in addition to reformist and

status quo positions are schematically illustrated in Figure 2.10.  This schematised representation of

the ecological crisis and continuing global injustice shows how sub-specialities of economics based

on the work of the original theorists in classical economics have interacted.
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Table 2.3 Economic theories and fundamental principles determining value.

Economic
theory

Examples
of

principal
Capital

Fundamental
principle of

value authors

Normative
value

Classical
economics

Malthus,
Ricardo,
(Smith)

Limits on natural capital
(land), human-made and
financial capital

Scarcity of
production factor
(especially labour,
land and human-
made capital)

Productive
efficiency

Monetary

Neoclassical
economics

Smith,
Marshall,
Jevons,
Menger,
Walras

Substitution possible
between human-made,
financial, human capital

Real exchange
value

Economic efficiency
in exchange

Monetary

Environment
al economics

Pigou,
Pearce

Substitution possible
between human-made,
financial, human and
natural capital

Imputed exchange
value

Economic efficiency
in exchange
inclusive of
environmental
externalities

Monetary
Classical
economics

Ecological
economics

Daly,
Costanza

Substitution between
human-made, financial,
and human and social
capital on the one side
and natural capital on the
other is not possible

Economic rent of
natural and
environmental
resources

Sustainability Monetary
but no
trade-offs

Neo-
institutional
economics

Coase,
Eggertson

Entitlements to human-
made, financial, human,
social and natural capital

Real or imputed
exchange value
with inclusion of
transaction costs

Economic efficiency
in exchange
inclusive of
transaction cost

Monetary
and non-
monetary

Institutional
economics Evolutionary

economics
Veblen,
Schumpeter

Human-made, financial,
human, social and natural
capital used in the
evolutionary process of
production

Instrumental
principles of social
value, focusing on
the continuity of
human life

Continuity (survival
or systems norm)

Monetary
and non-
monetary

Modified after Blignaut & de Wit, 2004b:60-61.
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Figure 2.10 Economic paradigms and the environment (Cato, 2011:11).

Classical economics theory was the dominant paradigm for the system of production, distribution,

and consumption of goods and services in South Africa during the 18th and 19th Centuries.  The

classical economic paradigm affected the miners in the 18th and 19th Centuries.  These mine

workers had poor working conditions and no benefits, as individuals were not considered beyond

their value as ” units of labour”  (Duncan, 1995:37).  In that colonial era, allocation of scarce

resources, such as skilled labour and availability of finance (Katz, 1994) was to satisfy not only the

local economy of the colony but also the needs of the colonial power through supply and demand.

Malthus (1766-1834), Ricardo (1772-1823) and Smith (1806-1873), who were among the principal

developers of the classical economic paradigm, referred to “political economics” and not simply

“economics” (Söderbaum, 2008a:4).  Their focus was on factors of production and wealth.

Theories of trade between nations, concerns about the availability of natural resources (land) for

food production because of population growth and the advantages of specialisation or division of

labour were what they concentrated on.  Mining in the Barberton Mountain Land during the gold

rush of 1875-1883 (UNESCO, 2011), the  diamond rush at the Big Hole in the Kimberley Diamond

Fields in 1871-1914, and the discovery of the  Witwatersrand Goldfields in 1886 coincided with the

period of classical economics as the dominant paradigm (Gray, 1936).  With the development of

neoclassical economics, the mining companies adjusted their economic systems accordingly.

Neoclassical economics emerged in the late 19th Century.  From the start “ …reference was made to

‘economics’ rather than ‘political economics’” (Söderbaum, 2008a:5).  To achieve objectivity and
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be as scientific as possible, emphasis was placed on specialisation, on modelling, on supply and

demand.  Neoclassical economists do not place a specific value on the environment because the

belief is that the market will naturally resolve all problems.  Neoclassical economists argue natural

and man-made capital can stand in place of each other. “… the objective of the economic laws is to

achieve a balance, this should not be equated with a fixed system – rather the economy is expected

to grow relentlessly” (Cato, 2011:36).  The market system is deemed to be efficient and hence to

be superior to other forms of economic organisation, and does not concern itself with the allocative

fairness of the share.  Neoclassical economics deals with environmental problems through

externalities, or as Cato (2011:39) has it, “…a consequence of economic activity that does not

impinge on the person or business conducting that activity”.  Accordingly, the mining sector

involved as it is in primary beneficiation continued with its focus on the maximisation of wealth

and growth of market share.

The shifts in emphasis from classical/neoclassical economics to environmental economics are

significant.  Environmental economists suggest the market economy is used as an allocation

mechanism and the limits of the planet are taken into account.  However, they apply the market

pricing techniques of neoclassical economics to value the environment.  They argue that

environmental management that takes account of ecological and social realities is a prerequisite for

the creation of economic welfare.  Environmental resource economics assigns a monetary value or

an externality cost to a resource.  The preferred definition of sustainability in environmental

economics is that of “…weak sustainability (technology will lead to manufactured capital

substituting for natural capital)”  (Blignaut & de Wit, 2004a & 2004b; Cato, 2011:52-68).

However, in terms of the primary beneficiation policies of the mining sector, implementing a weak

sustainability paradigm allows the sector to continue to focus on the maximisation of wealth.

In ecological economics both natural and man-made capital are necessary and the belief is that loss

of one cannot be made up for by the other.  In this instance, the definition of sustainability is that of

“strong”  sustainability in which man-made capital cannot substitute for natural capital.  Ecological

economics is concerned with ensuring the size of the economy does not expand beyond what the

planet can sustain.  Ecological economists are also committed to social justice.  Once these matters

have been addressed, then there is concurrence with neoclassical economics in the sense that the

market should be allowed to allocate resources.  There is no fundamental restructuring of the

economic philosophy envisaged (Cato, 2011:68-84).  Proponents of ecological economics such as

Costanza and Daly (1987), Daly and Cobb (1989), and Costanza (1989) envisage this as an

interdisciplinary and holistic way in which to consider linkages between ecological and economic

systems to a balanced and steady-state economy.  The implementation of ecological economics
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sensu stricto on mining in its business of primary beneficiation would restrict the process of wealth

creation both in terms of monetary value and market share.

Approaches that build on neoliberal philosophies (including neoclassical, environmental and

ecological economics) support monetary valuations of the environment.  Ecological economics

sensu stricto however, does not allow for trade-offs in environmental quality and this implies lower

profits and less economic growth.  Other more radical economic views critique capitalism as an

ideology and its neoclassical economic system; these include the green economists, institutional

economists and the anti-capitalists with a pro-environmental bias.  Both the green and institutional

economists believe that fundamental change is required in terms of the way that the economy is

structured, while the anti-capitalists argue that the capitalist system of thinking prevents progress in

analysis and prescription (Cato, 2009 & 2011; Goodwin, 2008 & 2010; Speth, 2008).

Green economics, proposed as an alternate system to market economics, is concerned with social

justice and uses a bottom-up approach through environmental movements to achieve a sustainable

economy.  Its objective is to move from economic growth to a balanced economy that allows for

diversity in place of uniformity in the global marketplace.  The green economics paradigm

envisages the economy as operating within society and the whole of society as embedded within

the natural world, the Nested model of sustainable development (Figure 2.1).  Green economics

recognises that the political nature of the economy and that “ …the environmental problems we face

as a result of economic activity cannot be solved without fundamental political changes” (Cato,

2011:85).  A comprehensive discussion on green economics is available in Cato (2009 & 2011).

The primary objective for the Green Economy is the meeting of needs rather than the generation of

profit.  In the market economy growth is measured one dimensionally, in purely (financial)

economic terms; there is no reflection of quality of life indicators (Table 2.4).  Cato (2009:9) says

of this phenomenon: “In capitalist ideology it does not matter that economic growth is destructive

and does not increase human well-being; it only matters that there is more money changing hands

in the global market”.  Although the Green Economy is defined as low carbon, resource efficient

and socially inclusive (UNEP, 2011b:2; 2011c) through its promotion of a green consumerism, it

reverts to market economics in implementation with its predominantly financial metrics and its

quest for economies of scale among its characteristics. An example of this is the derivation of

primary energy from renewable resources.  The pursuit of solar power through the installation of

large scale undertakings is often favoured over small scale distributed photo voltaic systems

reducing the number of available opportunities to a few large organisations. From a mining

perspective, the implementation of the Green Economy will not have a significantly deleterious

effect on its primary beneficiation activities.  Instead, efficiencies across the mining process may

reflect ultimately as profit.



54

Table 2.4 The negative consequences of economic growth for quality of life.

Indicator Negative impact on quality of life

Technology

Health

Crime

Community

Inequality

Reduced skill in work, lower wage levels, increased stress

Pollution and inequality cause physical and mental disease

Growth generates envy and higher crime levels

Intensified work patterns undermine relationships

The proceeds of growth are unfairly distributed

Source: R. Douthwaite (1992) The Growth Illusion, Totnes: Green Books, in Cato 2009:10

In contrast, the underlying philosophy of institutional economics is social value theory (Blignaut &

de Wit, 2004b:59).  Institutional economics looks to a “…coherent representation of economic

processes within and as part of a complex social system and their interaction” (Kapp, 1976:213),

and focuses on the nature of relationships within such a complex system and their

interconnectedness.  A comparison between the neoclassical and an institutional conceptual

framework reveals the difference in conceptual framework (Table 2.5).

Table 2.5 A comparison between the neoclassical and an institutional conceptual
framework.

View of:
Neoclassical
economics

Institutional economics

History Not very relevant Evolutionary perspective, path-dependence

Individual Economic man Political economic person, PEP as actor

Organisation Profit-maximising firm Political economic organisation, PEO as actor

Economics Ideologically closed
idea of efficient
resource allocation

Ideologically open ideas about efficiency and
resource allocation

Decision-making Optimisation Matching, appropriateness, pattern recognition

Approach to
decision-making
& sustainability
assessment

Cost-benefit analysis,
CBA

Positional analysis, environmental impact
assessment etc.

Relationships
between actors

Markets Non-market and market

Market Supply and demand
for single
commodities

Social (and power) relationship between market
actors, fairness, multi-functionality, multiple
commodities

Progress in
society

Growth in gross
domestic product,
GDP

Ideologically open – interpretations of sustainable
development among options

Source: Söderbaum, 2008a:45
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A distinguishing characteristic of institutional economics is its inclusion of values and an

ideological component.  In this way, economic mankind – defined as ‘consumers are wage

earners’  in neoclassical economics – can be regarded as political economic persons whose roles are

considered and whose ideological orientations are not limited to one specific ethic (Söderbaum,

2002:1; 2008a:37-75).  A comparison of the roles of different actor categories between neoclassical

economics and institutional economics is presented in Table 2.6.  Söderbaum (2011: slide 3)

supports “…an institutional version of sustainability economics understood as a readiness for

critical reflection in relation to the mainstream and also in relation to the existing political

economic system”.

Table 2.6 Sustainability politics: roles of different actor categories.

Neoclassical
economics

Institutional economics

State The state is the main
actor; market-based
instruments versus
‘command and control’

The state is the main actor but there are other political
actors / policy-makers as well who influence state
regulation, and initiate, and implement institutional
change processes

Organisations
/ business

Profit maximisation;
adaptation to new
state regulation

PEO1 assumptions; a company may act as policy-maker
by changing its mission statement and behaviour, and
adapting to new regulation.  Institutional change
processes may be initiated and influenced

Organisations
/ non-business

(Not part of
neoclassical theory)

PEO1 assumptions; these organisations may act as
policy-makers by changing their mission statements and
behaviour, and adapting to new regulation.  Institutional
change processes may be initiated and influenced

Individual Consumer maximising
utility; adaptation to
new state regulation

PEP2 assumptions; individuals may act as policy-
makers by changing their ideological orientation and
behaviour, and adapting to new regulation.  Institutional
change processes may be initiated and influenced

1 Political economic organisation, PEO
2 Political economic person, PEP

Source: Söderbaum, 2008a:74

Another economic paradigm with a different underlying philosophy from that of neoclassical

economics is sufficiency economics.  The sufficiency economy is based on a philosophy that

“ …stresses the middle path as an overriding principle for appropriate conduct by the populace at

all levels” (Piboolsravut, 2004).  This philosophy is more likely to offer self-protection from

internal and external influences through its emphasis on a stepped and balanced approach to

economic development.
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For the purposes of economics, ideally sustainability can be understood to mean “…not only

longevity, in the sense that an ecosystem will endure or the planet as a whole will endure, but also

that the quality of the environment has not been degraded by our activities” (Cato, 2011:8).

However, economics has seen a near hegemonic domination by the neoclassical approach, a system

of production, distribution and consumption of goods, defined through supply and demand using

natural resource capital, manufactured capital and human capital.  Neoclassical economics, as the

dominant economic paradigm, has fuelled the current growth-based market economy, which in turn

has evolved as the process of globalisation.

2.5.3 Globalisation

South Africa became independent of the colonial power in 1910, and transitioned to a democracy

free of the apartheid system in 1994.  These major political transition points represent the move of

the country into the global community and globalisation.  However, the mining industry in South

Africa has taken a series of more evolutionary steps to become globalised, as exemplified through

mergers, joint ventures, relocation of headquarters and more.  The evolution of the trans-national

corporations from their origins to current form shows this.  In South Africa for example, General

Mining & Finance Corporation was established in 1895 and Union Corporation in 1897, both in the

19th Century.  The merger between these two corporations led to the formation of Gencor in 1980,

which later purchased Billiton in 1994.  In 1997 the business was restructured, with base metals

and non-gold commodities reorganised into Billiton plc, with its Head Office in London (Grant,

2004a).  Subsequently Billiton merged with BHP, an Australian firm, to form BHP Billiton in

2001, the current organisation.  The Gencor gold interests merged with Gold Fields in 1998,

forming Gold Fields Ltd (Grant, 2004b).  The dominance of the neoclassical economic paradigm

becomes obvious in that the mining companies remain structured to maximise profit for the

shareholders.

Globalisation for the mines represents the continuance of primary beneficiation as a generator of

wealth in the same manner as in classical and neoclassical economic paradigms. Globalisation is

defined by the International Monetary Fund as “The process through which an increasingly free

flow of ideas, people, goods, services, and capital leads to the integration of economies and

societies.  Major factors in the spread of globalisation have been increased trade liberalisation and

advances in communication technology” (IMF, 2011). Global business refers to the globalisation

of a neoclassical economic system premised on economic growth and a market economy in which

goods and services are exchanged for one another or money, on the basis of their perceived worth.

The private sector is the part of the national economy made up of, and resources owned by, private

enterprises and not by the government.  It includes the personal sector (households) and corporate

sector (firms) and is responsible for allocating most of the resources within an economy.  A trans-
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national corporation differs from a multi-national corporation in that it does not identify itself with

one national home.  Whilst multi-national corporations are national companies with foreign

subsidiaries, trans-national corporations have operations in many countries sustaining high levels of

local responsiveness.  (An example of a trans-national corporation is Nestlé, which employs senior

executives from many countries and tries to make decisions from a global perspective rather than

from one centralised headquarters.)

In contrast to the private sector, government’s mandate is different.  Governmentcomprises a body

of people that sets and administers public policy, and exercises executive, political and sovereign

power through customs, institutions and laws within a state.  Public sector is that part of a national

economy supported financially by government (financed through taxation and levies), which

provides basic goods or services that either are not, or cannot be, provided by the private sector.  It

comprises of national and local governments, public corporations, and quasi-autonomous non-

government organisations.  Public sector is one of the largest sectors of any economy.  Multi-lateral

organisations are international groups or agencies comprised of member states.

Globalisation has been seen as the vehicle with which to entrench the neoclassical market economy

through the unfettered expansion of the “…capitalist mode of production, culminating in the

corporatisation of the remaining public sector”  (Conversi, 2010:40).  The response increasingly to

the “…demise of national sovereignty has directly or indirectly contributed to boostnationalism

and other boundary-building practices” (Conversi, 2009) is reflected in growing protectionism.

An example of such protectionism is the use of technical infrastructure such as standards, quality

assurance and metrology in global trade by industrialised and advanced developing countries as

Technical Barriers to Trade and Non-Tariff Barriers that make it difficult to access their markets

(dti, 2010). Trans-national corporations have been leaders in this process of globalisation – in this

way growing the interdependence of the world on these corporations.  However, strategic industrial

policies remain the purview of government.  It is consequently incumbent on government to design

differentiated and strategic policies toward trans-national corporations.  This allows host countries

to intelligently use trans-national corporations for their long-term development plans (Chang,

2003:247-269). Globalisation has also led to an increase in the number of response-stimulus

feedback loops.  These generate events that increasingly cannot be predicted.  Such an event,

termed “ black swan event” by Taleb (2007), is characterised as random, having an extreme impact

and only retrospective predictability.
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2.6. Regulatory Structures Impacting Mining

2.6.1 Socio-technical landscape within which mining in South Africa operates

In this section an overview is given of the socio-technical landscape in which mining operates,

described in terms of dimensions. Whereas Gell-Mann (1994:350) speaks of “ ...crude but useful

notion of a set of transitions” as happening in seven spheres or dimensions, in this study the

dimensions have been interpreted as a way of organising discussion about developments in

sustainability in mining within the biosphere.

The socio-technical landscape in which mining currently operates in South Africa values the

technological at the expense of the human.  The landscape can be described as a complex adaptive

system in seven dimensions.  It is a representation of one of many underlying system networks

aggregated from readily defined and established technological systems.  These technological

systems interact with the multifaceted socio-economic elements.  Humans and their desire for well-

being in such networks can be described as actors.  The actors are individuals (human and

organisational) of differing value and ideological systems (Latour, 1993; Söderbaum, 2009:74).

The ideological dimension in terms of organisational ethic is well developed in mining, aligned as

it is with neoliberalism through its neoclassical economic paradigm.  This dimension is also well

developed in South Africa in terms of a constitutional democracy.  However, the ideological

dimension is underdeveloped in terms of the interconnectedness between the institutional actors

(mining and government).

In 1994 South Africa transited in a directed way from the apartheid regime to a new democratic

dispensation.  Democracy in South Africa can be said to manifest in two ways, through civic

republicanism, in which the community is prior to the individual, and liberal democracy, where the

individual exists prior to society.  It translates to a consumerist concept of democracy and

development that represents an area of agreement between both the marginalised masses and the

ruling elite.  It is how the marginalised are included in policies, and the sharing of them, that has to

be managed.

The uneducated and unskilled move out of rural areas into urban areas as well as to shanty towns

near perceived monetary opportunities (e.g. mines); such rural depopulation leads to a significant

increase in the urban population of the unemployed (State of the Cities Report, 2011). South

Africa has a total population of approximately 49 million as of mid-2009 (StatsOnline, 2011). In

2000/01 South Africa put into practice a developmental metropolitan government under

autonomous city authorities with the key objective of improving the socio-economic and

environmental conditions of their citizens from five perspectives: economic, spatial and structural,
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environmental, governmental and financial (State of the Cities Report, 2011).  A dedicated legal or

policy framework that deals explicitly with cities is being developed and initiatives such as the

Gauteng City Region Observatory (GCRO, 2011) are tasked with establishing the knowledge base

to support and underpin policy.

It is important that the masses participate in a democracy; this could be realised through policies

which are both applicable and understood to enable the masses to prosper.  Empowered

participation in such a process facilitates a managed transition to a different paradigm of improved

access to opportunities (Fanon, 1963; Galeano, 1973; Mangcu, 2009; Mbeki, 2011).

The institutional dimension is well developed within mining in respect of rules and governance

systems which address organisational, country and global requirements. This dimension is also

well developed in government in terms of policy, fiscal and regulatory frameworks.  However, the

institutional dimension is poorly developed between the actors.

The role of trans-national corporations in mining is under review particularly as a result of the

recent global economic crisis and its accompanying recession (Global Economic Prospects, 2009).

This scrutiny is also aggravated by concerns of the increasingly dominant neoclassical economic

model predicated on continuous growth and maximisation of shareholder return. The World

Investment Report of 1992 states that trans-national corporations promote growth through a

positive contribution to physical capital in developing countries (UNCTAD, 1992). Pananond

(2004) points out four trends of post economic crisis behaviours observed in Thailand’s

multinational corporations: decline, replication of pre-crisis behaviour, reform and refocus, and

new emergence.  This illustrates how organisations can adapt behaviours. In post-apartheid South

Africa, trans-national mining corporations and their role in a political economy are being

questioned.  Further, the role of trans-national corporations during apartheid is also being examined

(Mthombeni, 2006).  The review on how industries operate, including the mining sector, has

resulted in an extensive overhaul of the regulatory environment.

The economic dimension is highly evolved in the actor role of institutions – mining and

government – in South Africa. The focus remains on aspects of the neoclassical economic model,

profit-maximisation in the market economy at local and global scale with the concomitant goal of

growth. Neoclassical economics is the dominant economic paradigm although other perspectives

that address a developmental agenda are increasingly considered.

The mining industry remains a significant contributor to the South African economy.  The sector

accounts for about 18% of gross domestic product, GDP (8% direct, 10% indirect and induced) and

creates one million jobs (500 000 direct and 500 000 indirect) (Baxter, 2011) As an interdependent

system the mining industry is sensitive to changes of a socio-economic nature where these may
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impact what is sustainable in continuing mining.  Changes to the existing modes of operation

usually require new financial investments and because of the nature of the industry, a long-term

commitment.  Any long-term investment can be impacted if a proposed transition is disruptive and

leads to financial loss.

A directed transition toward a Green Economy in South Africa is adopted government policy.  A

Green Economy is one that “ … results in improved human well-being and social equity, while

significantly reducing environmental risks and ecology scarcities” and is low carbon, resource

efficient and socially inclusive (UNEP, 2011b:2).  Government is preparing policy, fiscal and

regulatory frameworks to facilitate this transformation to a resource efficient and pro-employment

economic growth path.  Market instruments, such as taxes, charges or tradable permit systems,

would serve to incentivise the use and production of cleaner and low carbon products.  Materials

research, commercialisation and product manufacturing would be required to take place in South

Africa, to maximise employment and socio-economic opportunities.  Government’s intention is to

promote sustainable consumption and production.  Socio-economic indicators are to take economic

growth, social equity and environmental protection into account.  These are a central element of the

policy mix, to provide clear and credible market signals to facilitate the involvement of the private

sector to create employment opportunities (DEA, 2010:25-62; EDD, 2010 & 2011; Minister in the

Presidency, 2009:5).

The social dimension in mining is somewhat progressed in terms of corporate social responsibility

reporting, but outside of this it is poorly developed.  As actors, individuals and institutions have

little understanding and knowledge of one another’s cultural diversity, needs and wants, values and

ideology. In South Africa, organised communities and labour are increasingly vocal in their

demand for a more equitable distribution of the economic resources of the country.  Calls for

nationalisation cannot be ignored as increasingly the perception is that the wealth of the country is

stripped and exported for the benefit of a few, remotely located shareholders (Creamer, 2011; Von

Below, 1990). This feeling of dissatisfaction has served to focus the South African government

under an overarching theme: “Towards a resource efficient, low carbon and pro-employment

growth path”.  This government integrated initiative represents a cross-departmental platform of

task teams to grow economic clusters.  Such a proposal represents an active search for and

arguments in support of defining a different developmental paradigm (EDD, 2010 & 2011).

All of these efforts contribute to the background of the social dimension, within which large trans-

national corporations in the mining sector operate in South Africa. Any economic activity across

the mining life cycle is measurable and sustainable for the duration of the operation.  The

difficulties arise when access to benefits (profits) from such activities are limited to relatively few

shareholders; these difficulties are compounded at mine closures, which terminate primary
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beneficiation and related secondary supply and service businesses as economic activities in the

surrounding communities.  Further, restricted access to the few opportunities which may arise

beyond life of mine leads to more discontent. Increasingly regulation seeks to facilitate

opportunities for the marginalised members of society to share in economic wealth and growth.

There are strong social and political pressures that the broadening of the benefit chain should be

taken into account in corporate social responsibility plans at a level that extends beyond the mining

lease boundaries and in alignment with government goals. However, practical examples of the

implementation of such initiatives remain few and the benefits rarely persist. Measures to ensure

persistence might then require alternative approaches, e.g. to address sustainability and

development holistically, taking into consideration the need to create persistent employment

opportunities beyond mining.

The demographic dimension is well developed in relation to the actor roles within the institutions

(mining and government), such as selection and appointment criteria for staff.  The demographic

dimension in rural and peri-urban areas, specifically adjacent to activities of the actor institutions

(mining), is underdeveloped.  Consequently, interactions between the actors, the institutions

(mining companies, government) and individuals, result in inappropriate decision-making and the

failure of sustainability orientated projects to persist.

The informational dimension in relation to the technical systems of mining is effective but

inadequately developed in other systems.  As actors, the institutions (mining and government) have

a low level of awareness, understanding and knowledge of each other’s roles and mandate.

Further, public understanding of mining and its complexities is poor – the perception is one of

unlimited wealth associated with mining.

The technological dimension is highly evolved in the mining sector in South Africa because of the

nature of its activities in primary mineral and metal beneficiation.  One example of technical

complexity of mining activities in which there is great skill and knowledge is Anglo Gold

Ashanti’s TauTona gold mine, where gold is currently extracted from the Witwatersrand Goldfield

at depths to 3 900 m below surface.  In this dimension, research and development opportunities are

undertaken between the actors (individuals and institutions) in their mandated roles.

The dimensions as briefly described above represent one possible current snapshot of mining and

sustainability in the context of a complex adaptive system.  This study uses current ideas drawn

from several disciplines.  In this sense, it is transdisciplinary.  Transdisciplinarity is understood as

intellectual space in which the manifold links among isolated issues can be explored, the space

where issues are rethought, alternatives reconsidered and interrelations revealed (Nicolescu,

2010:19-38).
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2.6.1.1 Sustainability framework within which mining operates

The World Summit on Sustainable Development (WSSD) in 2002, through the Johannesburg Plan

of Implementation (JPOI), detailed key responsibilities for the business sector in order to bring

about sustainability (DESA, 2004).  This event changed the expectations of and the relationships

between society, industry and the environment.  Within the framework of the UN, the changed role

identified for the private sector relates to its involvement in addressing the Millennium

Development Goals, such as poverty eradication, primary education, reduction of child mortality,

the ensuring of environmental sustainability, and the enabling of a global partnership for

development (UN, 2001).  Private sector organisations, under the leadership of the World Business

Council for Sustainable Development, have accepted the need for such a changed role.  This is

evidenced in the principles now incorporated into the business of major private sector entities that

address sustainable development through capacity building, regulatory compliance and mandatory

environmental impact assessments (GRI, 2011; WBCSD, 2010).

Trans-national corporations from the mining sector are members of both the International Council

on Mining and Metals (ICMM), and the World Business Council for Sustainable Development

(WBCSD). The International Council on Mining and Metals (ICMM) is a Chief Executive Officer-

led industry group representing the mining sector (ICMM, 2011).  The council addresses key

priorities and emerging topics which affect the mining sector.  This is done by making approved

guidelines available, to promote good practice and improved performance.  Such procedures are

agreed on and the understanding is that they will be implemented internationally and across

different commodities. The International Council on Mining and Metals also provides a platform

for industry and other key stakeholders to share challenges and develop solutions.  These solutions

are understood as being based on sound science and the principles of sustainable development. The

International Council on Mining and Metals vision is for a respected mining and metals industry

that is widely recognised as essential for society and as a key contributor to sustainable

development.  To be an International Council on Mining and Metals member, a company is

expected to build trust and respect with key stakeholders based on good performance in sustainable

development that includes a clear and comprehensive approach to reporting and assurance.

The International Council on Mining and Metals anticipates that by industry engaging in this way,

governments and communities will see the mining sector as a preferred partner in the development

of resources.  As a guide, the Council has developed a sustainable development framework

comprising principles, public reporting and independent assurance that all corporate member

companies are required to implement.  The ten guiding principles for sustainable development of

the ICMM are listed in Table 2.7.  Companies report annually against these principles in
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accordance with guidelines set by the Global Reporting Initiative (GRI), while independent

assurance is provided through third-party verification.

Table 2.7 Ten principles guiding sustainable development of the International Council on
Mining and Metals.

PRINCIPLES

01 Implement and maintain ethical business practices and sound systems of corporate
governance

02 Integrate sustainable development considerations within the corporate decision-making
process

03 Uphold fundamental human rights and respect cultures, customs and values in dealings
with employees and others who are affected by our activities

04 Implement risk management strategies based on valid data and sound science

05 Seek continual improvement of our health and safety performance

06 Seek continual improvement of our environmental performance

07 Contribute to conservation of biodiversity and integrated approaches to land use planning

08 Facilitate and encourage responsible product design, use, re-use, recycling and disposal
of our products

09 Contribute to the social, economic and institutional development of the communities in
which we operate

10 Implement effective and transparent engagement, communication and independently
verified reporting arrangements with our stakeholders

Source: http://www.icmm.com/our-work/sustainable-development-framework

The World Business Council for Sustainable Development (WBCSD) is a Chief Executive Officer-

led, global association of some 200 companies from different sectors dealing with business and

sustainable development. This Council provides a platform for companies to explore sustainable

development, share knowledge, experiences and best practices, and to advocate business positions

on these concerns in a variety of forums, working with governments, non-governmental and

intergovernmental organisations.  Of note is that “Membership is by invitation of the Executive

Committee to companies committed to sustainable development and to promoting the role of Eco-

Efficiency, Innovation and Corporate Social Responsibility”.  Member companies publicly report

on their environmental performance and “…aspire to widen their reporting to cover all three

pillars of sustainable development – economic, social and environmental” (WBCSD, 2011).

The stated mission of World Business Council for Sustainable Development is to build the business

case for sustainable development.  It aims to provide business leadership as a catalyst for change

toward sustainable development.  In this way it is believed the business license to operate, innovate

and grow, is supported in the world which increasingly is shaped by sustainable development.
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Recently the Council presented the Vision 2050 study report in which it explores the role of

business in leading the global population to living well within the resource limits of the planet by

2050 (WBCSD, 2010:1-21).  Seven elements have been identified as critical to the pathway (Table

2.8).  The report aims to encourage companies to reinvent themselves, their products and services

to reach the goals articulated in Vision 2050.  Further, it notes that “…political and business

constituencies will shift from thinking of climate change and resource constraints as environmental

problems to economic ones related to the sharing of opportunity and costs”.  This should facilitate

business to think of sustainability beyond cost, rather as an opportunity for investment.  However,

some “ …economists… identify the capitalist economy asthe source of the environmental problem”

(Cato, 2011:233). All this would require changes particularly in the regulatory environment and in

markets but business should make a role for itself to lead change.  It would require new

approaches, different partnerships and more systems thinking to realise the opportunities.

Table 2.8 Critical pathway to achieve sustainability in the Vision 2050: New Agenda for
Business.

Vision 2050 critical pathway

1 Addressing the development needs of billions of people, enabling education and
economic empowerment, particularly of women, and developing radically more eco-
efficient solutions, lifestyles and behaviour

2 Incorporating the cost of externalities, starting with carbon, ecosystem services and water

3 Doubling of agricultural output without increasing the amount of land or water used

4 Halting deforestation and increasing yields from planted forests

5 Halving carbon emissions worldwide (based on 2005 levels) by 2050, with greenhouse
gas emissions peaking around 2020 through a shift to low-carbon energy systems and
highly improved demand-side energy efficiency

6 Providing universal access to low carbon mobility

7 Delivering a four-to-tenfold improvement in the use of resources and materials

Source: WBCSD, 2010:2

Trans-national corporations in the mining sector report annually on results and on sustainability.

Two separate reports are prepared: (i) the annual results report according to the host country

guidelines and international standards such as the International Financial Reporting Standards

(IFRS) and Generally Accepted Accounting Principles (GAAP) guidelines; and (ii) the

sustainability report compliant with Global Reporting Initiative (GRI) guidelines.  Sustainability

reporting conforms to national regulatory frameworks and with the World Business Council for

Sustainable Development and the International Council on Mining and Metals reporting guidelines

and UN Global Compact commitments.
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The mining sector trans-national corporations all state a clear commitment to sustainable

development within commonly agreed parameters.  Sustainable development is defined as ensuring

business remains viable and contributes lasting benefits to society through social, economic and

environmental considerations, the triple bottom line.  These global trans-national corporations,

tasked with maximising shareholder value, are often faced with challenges when evaluating the

extent of their involvement in the broader framework of sustainable development.  Involvement in

sustainable development often represents a need to go beyond the core business activity and incurs

costs in resources, whether human or financial. To justify involvement in non-core activities

requires that the value-add for shareholders, employees, contractors, suppliers, customers, business

partners and host communities be measureable by the business often as a reduction of long-term

risks and liabilities.

The globalisation of trade has resulted in the exposure of primary commodities to more volatile

economic cycles; these affect the competitive position of both companies and countries.  This is

evidenced by investors who seek competitive returns, most short-term, on their equity and cash

investments.  Commodity prices have remained static or even declined because of technical

innovation, product substitution, recycling and the transfer of production from the developed to the

developing world.  Nonetheless, commodity prices increase where demand outstrips supply as a

result of resource depletion.

Technical innovation, particularly in product and process technology, is one way to gain a

competitive advantage and through that, long-term sustainable growth.  Governments in particular,

are acting as coordinating bodies directing and funding research to meet strategic imperatives.  For

example, in the United States, Europe, the United Kingdom and South Africa the vehicles for

strategic research and development are typically: the National Science & Technology Council

(NSTC), European Framework Programs, Department of Trade and Industry (dti) and the

Department of Science and Technology (DST) respectively.  Technology is increasingly seen as a

means of securing a competitive advantage for a country and its industries.  The aim is to achieve

strategic objectives aligned with societal, environmental, and developmental goals. Technology can

be seen as a vehicle for integrating research across a number of disciplines, including;

biotechnology, physics, chemistry and materials science. The current focus on science and

technology as a vehicle for development is to accelerate change.

2.6.2 Global protocols and directives

International agencies, such as the multi-lateral UN and its affiliates, and the private sector World

Business Council for Sustainable Development (WBCSD), drive the public and private sector

responses to global challenges, as evidenced through international agreements.  A number of the
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international framework agreements and protocols that directly affect the resources industry are

given below:

 Framework Convention on Climate Change, 1992 and the Kyoto Protocol, 1997;

 Universal Declaration on Human Rights, 1948; International Covenants on (i) Civil and

Political Rights, (ii) Economic Social & Cultural Rights, 1966;

 UN Global Compact (Human Rights, Labour, Environment), 2000;

 Agenda 21 and the  Rio Declaration on Environment and Development, 1992; and

 World Summit for Sustainable Development, Johannesburg, 2002.

Regulation may take the form of obligatory requirements in loan agreements, taxes such as

incentives and penalties, market mechanisms and targets, both voluntary and involuntary.

2.6.3 Country specific regulatory structures: South Africa

The Constitution of the Republic of South Africa of 1996 together with mining specific and

environmental legislation regulate the mining sector.  Specific legislation includes:

 Sustainable development: Section 24 of The Constitution of the Republic of South Africa,

1996, is an affirmation of some globally recognised principles of sustainable development

that has emerged in various South African Acts.

 Mining, residue stockpiles and residue deposits: The Mineral and Petroleum Resources

Development Act, No. 28 of 2002 (MPRDA); and the Mineral and Petroleum Resources

Development Amendment Act, No. 49 of 2008;

 Prevention and remedying of environmental damage: The National Environmental

Management Act, No. 107 of 1998 (NEMA); and the National Environmental Management

Amendment Act, No. 62 of 2008;

 Atmospheric emissions: National Environmental Management: Air Quality Act, No. 39 of

2004;

 Disposal and treatment of gaseous, liquid and solid waste: The Environmental Conservation

Act, No. 73 of 1989;

 Prevention and remedying of water pollution: The National Water Act, No. 36 of 1998; and

the Water Services Act, No. 108 of 1997; and,

 Waste other than residue stockpiles and deposits: National Environmental Waste

Management Act, No. 59 of 2008.
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2.6.3.1 Liabilities in terms of environmental management

Significant changes have occurred in the legislative framework in South Africa that serve as

regulatory drivers for instituting new policies and programmes.  The purpose of the Minerals Act

50 of 1991, to regulate the prospecting for and the optimal exploitation, processing and utilisation

of minerals, further regulated the rehabilitation and remediation of surfaces of land on which

mining operations had been conducted.  Prior to this, the environmental impacts of mining

operations were less well regulated – residual obligations toward the natural environment were

minimal and not rigorously enforced.

The Constitution of the Republic of South Africa provides, in Section 24, for the following in

respect of the natural environment:

“Everyone has the right:

 to an environment that is not harmful to their health or well-being; and

 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 while promoting justifiable economic and social development”.

For the mining sector, the relevance of Section 24 of the Constitution lies in the inclusion of this

content in key legislation, including the Mineral and Petroleum Resources Development Act, which

regulates the requirements for compliance to obtain a license to operate a mine.

The National Environmental Management Act was passed as stated in the preamble “…to provide

for co-operative environmental governance by establishing principles for decision-making on

matters affecting the environment, institutions that will promote co-operative governance and

procedures for coordinating environmental functions exercised by organs of state; to provide for

certain aspects of the administration and enforcement of other environmental management laws;

and to provide for matters connected therewith.”  This National Environmental Management Act

contains national management principles which align with sustainable development principles as

incorporated in the Brundtland Report of 1987 (Brundtland, 1987).  These management principles

apply to all prospecting and mining operations providing guidelines on the interpretation,

administration and implementation of environmental requirements for mining.  Further, all

operations must be conducted in accordance with generally accepted principles of sustainable

development that integrate social, environmental and economic factors to secure resources into the

future. Once a prospecting right, mining right or mining permit has been granted, the holder must

implement an integrated environmental management programme.  This includes undertaking

environmental impact assessment studies, the management and mitigation of identified impacts,
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rehabilitation as required and the responsibility for any environmental damage or pollution

attributed to its activities both inside and outside permit boundaries.

The Mineral and Petroleum Resources Development Act also places a legal liability on CEO’s for

environmental violations.  It places obligations on organisations and individuals to be responsible

in their assessment, management and rehabilitation of impacts.  Hence, these regulatory provisions

require that any entity conducting prospecting or mining activities proactively monitor, manage and

rehabilitate the resultant environmental impacts, including impacts which were not anticipated,

according to accepted environmental management plans.

The Mineral and Petroleum Resources Development Act additionally requires that all applications

for a mining right, a prospecting right or a mining permit include an environmental management

progress report (EMPR) and environmental management plan (EMP).  These documents must

include information pertinent to the impact of the activity and the socio-economic conditions of

affected parties, a communications plan on how environmental awareness will be disseminated, and

an indication of how environmental impacts and risk will be managed. Included in the Mineral and

Petroleum Resources Development Act are clauses that place an obligation on a licence holder to

manage residue stockpiles10 and residue deposits11 on any site demarcated for that purpose in the

EMPR or EMP in question.

Further, the Mineral and Petroleum Resources Development Act includes provisions and

contingent liabilities that affect the balance sheet of a mining company, and the manner with which

the annual adjustments affect both the balance sheet and the income statement of such companies.

These provisions place a burden on the ability of a company to allocate scarce financial resources

to productive use and accordingly, they have an impact upon the market perception, as reflected in

the share price, of mining companies. Together with liabilities to the company and the directors,

these provisions also increase the risk profile of a mining company, with additional consequent

implications to market perceptions of the company as reflected by its share price.

Obtaining a mine closure certificate is a strategic objective once mining activities have ceased.

With a closure certificate, a mining company is able to release environmental provisions and

contingent liabilities that are reflected in its financial statements.  In the absence of receiving a

closure certificate, a second strategic objective would be the attainment of full or partial transfer of

10 The MPRDA defines a Residue Stockpile as any debris, discard, tailings, slimes, screening, slurry, waste
rock, foundry sand, beneficiation plant waste, ash or any other product derived from or incidental to a mining
operation and which is stockpiled, stored or accumulated for potential re-use, or which is disposed of, by the
holder of a mining right, mining permit or production right.

11 The MPRDA defines a Residue Deposit as any residue stockpile remaining at the termination, cancellation
or expiry of a prospecting right, mining right, mining permit, exploration right or production right.
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the obligations by means of the transfer thereof to a qualified person, as outlined by the mining

legislation.

2.6.3.2 Opportunities through beneficiation, broad based socio-economic empowerment and
stakeholder engagement

The environmental impacts associated with mining can be viewed as a threat, such as the liabilities

and obligations of the Mineral and Petroleum Resources Development Act, or as a source of

opportunities.

Under the Mineral and Petroleum Resources Development Act, the mining sector is required to

submit social and labour plans as part of its obligations in regard to sustainable development,

especially beyond mine closure. Therefore community engagement, local business development

and management of the natural environment, including rehabilitation, waste management and water

stewardship, are important.  Such inputs could serve as a platform from which to attain the binding

objectives of the Mining Charter, including redress of past discrimination in the minerals industry

and in the value chain of such industries; equitable access to the national mineral resources;

development of skills; promotion of employment and beneficiation of natural resources.

Returning to the business of the extractive industries, it is clear that modern regulation is in place in

South Africa, which incorporates the intent of the dominant paradigm of sustainability as

articulated in the Rio Declaration and Johannesburg Plan of Implementation.  That there are

differences in interpretation is true, that there is a degree of discretionary power in decision-making

and implementation by the regulator is accurate. However, the trust relationship between the

minerals sector and government is weak and often, the engagement on an executive level is not

accompanied by, nor encouraged through, involvement at different and more practicable levels.

This leads to misunderstandings and errors both by industry and by government, weakening the

nascent attempts at relationship building.

A further point of contention has been that mining companies have tended to implement the letter

of the law, and not the spirit of the law.  Such variance then, between current practice and the law,

represents divergent interpretations as reflected through the actual commitments to sustainability

by the mining industry.  These obligations focus on sustainable development as an activity

essentially unrelated to its core business. The consequence is that funding of any such activity will

only be committed if the requirement is regulated.  To implement recommendations that result in

improved environmental performance of an existing process costs money.  The trade-off is often to

do nothing to mitigate the direct problems, but rather to provide ‘soft’ monies to fund a series of

books or a chair in environmental management.  It becomes problematic for private sector, in
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particular, the mining sector, to meet and contribute effectively to South Africa’s socio-economic

transformation imperatives.

The potential for an industrial sector in secondary beneficiation of mining products is well

understood and reflected in the beneficiation strategy for the minerals industry of South Africa

(DMR, 2011a).  This strategy defines beneficiation as the transformation of a mineral (or a

combination of minerals) to a product of higher value and seeks to enable economic diversification

while creating employment opportunities and progressing technology development.  One aim is

economic growth for South Africa in per capita mineral value addition.  These growth strategies are

supported by policies such as the National Industrial Policy Framework, infrastructure build

programme and the Advanced Manufacturing Technology Strategy, among others (DMR,

2011b:5).

2.6.3.3 Public private partnerships

Within the framework of the United Nations, as well as the New Partnership for African

Development (NEPAD), a specific role has been identified for the private sector to play a

significant and needed role in addressing the Millennium Development Goals, such as poverty

eradication, primary education, reduction of child mortality, as well as ensuring environmental

sustainability and enabling a global partnership for development (UN, 2001:19-45).  The last point

especially has been given shape in the form of the Global Compact (UNGC, 2010), and addresses

the issue of Corporate Social Responsibility.  A major issue is the evaluation of ways in which

companies can address social issues, not only through financing social projects, but also in

integrated in the way they conduct their business, and the products and services they deliver.

Private enterprise in developing countries and countries in transition has been defined as dominated

by Small Medium to Micro Enterprises, SMMEs (UNIDO, 2002:5).  However, as large

corporations in sub-Saharan Africa are the dominant forces behind the economies and the industrial

growth of this region it is necessary to link up with this sector and ascertain areas of co-operation in

respect of sustainability.  How industry in South Africa can work together with Government to

produce a meaningful contribution to sustainability will have to be pioneered since no clear-cut

model is available.

A focal point of United Nations Development Programme discussions during the World Summit on

Sustainable Development in 2002 was the development of UN Type II Initiatives, involving the

establishment of public private partnerships, primarily between Small, Medium and Micro

Enterprises (SMME) of the private sector, and public sector entities (UNDP, 2002a:5; UNDP,

2002b; UNIDO 2002:5).  Examples of this form of public private sector partnerships are in place.

An example is provided locally through the Department of Transport, where it has entered into
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partnership with private sector about the construction of the Gautrain Rapid Rail Link.  Gautrain is

the largest infrastructure project in Africa delivered through a public private partnership to achieve

a strategic public infrastructure goal (National Treasury, 2008:25).

In South Africa, public private partnerships can be classified in terms of a statutory partnership or

as a common law partnership.  A statutory partnership is subject to the Public Finance Management

Act (1999) and Treasury Regulation 16 governing public private partnerships at national and

provincial levels.  At municipal level, such partnerships are managed under the Municipal Finance

Management Act (2003), the Municipal Public Private Partnerships Regulations, and the Municipal

Systems Act (2003).  The public private partnership is defined as a contract between a government

institution and a private party, where the private party performs a government function and/or uses

state property according to specifications, substantial project risk (financial, technical, operational)

is transferred to the private party and, the private party benefits through payments from government

budgets and user fees (National Treasury, 2005:2-11; 2008:4-9).

Although the underlying principles of a common law public private partnership have similarities in

that it involves sharing a number of risks and benefits, the definition here is as a contract between

parties in which the parties agree to contribute money, labour or skill to a common stock and to

carry on business with the object of making a profit defined for their joint benefit (Gibson &

Comrie, 1977:262-284).

Further, the term public private partnership can be used descriptively, and not in the legal sense, to

mean a public private collaborative undertaking, the legal nature of which is not prescribed.  It is in

this descriptive manner that I refer to a public private partnership in this study.

2.7. Conclusion

This chapter forms the theoretical basis for an understanding of sustainability which has been

discussed in terms of its interpretation in the business-as-usual model, the social and ecological

modernisation (of the neoclassical paradigm) and as a radical interpretation of sustainable

development.  The understanding developed is that sustainability is larger than the triple bottom

line. Sustainable development in relation to policy making, its interpretation and reporting in

mining however, further re-enforces the neoclassical economic paradigm triple bottom line.

The mines with their trans-national and global context have an ideological orientation which is

termed neoliberal that is reflected as social and ecological modernisation (of the neoclassical

economic paradigm).  The implementation of this version of the neoclassical ideas about

economics is summed up as the triple bottom line accounting in the economic, environmental and

social dimensions.  In mining the neoclassical economic paradigm is a suitable one for the nature of
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mining with its core business in primary beneficiation and the organisation as a profit maximising

firm.

Primary beneficiation as part of the process stewardship obligation of the mines is well regulated.

A difficulty arises from the mining corporations in implementing a broader definition of

sustainability.  Sustainable development, the implementation of the triple bottom line, is measured

by the same metric as economics, despite the fact that it is almost impossible to quantify financially

how much social well-being or ecological conservation has been accomplished.

The concept of sustainability with its consequent definitions reveals how deeply embedded industry

and particularly mining is in an ideology in which economics is the primary mode of operating in

the biosphere.  When sustainability is informed by a global consciousness different criteria are used

as the measuring sticks of what sustainability could mean.  To arrive at metrics which are not solely

economic, and address the complexity of an integrated world view, transition theory and complex

adaptive theory were described.  The ideas in complex adaptive theory will enable an

understanding of sustainability which emphasises managed and directed adaptations in efforts

towards sustainability in all seven dimensions of the biosphere.

The regulatory structures which impact on mining and some which also direct industry are clear

that the environment is to be preserved for future generations, and that it should be conserved,

unpolluted, without degradation.  However, the way that industry and mining fulfil the other part of

the directive of the Constitution (Section 24) “…and secure ecologically sustainable development

and use of natural resources while promoting justifiable economic and social development” is

shown to be a source of contention in dimensions other than the economic.
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CHAPTER THREE

This chapter provides an analysis of the operationalisation of sustainability

through evaluation of a suite of sustainable development projects carried out

within the mining industry of South Africa. The analysis is carried out from two

perspectives: the narrow “triple bottom line” definition of sustainability; and from

the broader seven dimensional view for greater sustainability.  At the first level of

analysis, two air quality projects show success in terms of the narrow definition -

and four projects in minimising mining waste residues reveal varying success.

However, from the broader perspective, reviewing these same projects as

sustainability experiments shows them failing to achieve sustainability in all

dimensions of the biosphere. Further reflections on the sustainability experiments

are given from the systems perspective as developed in Chapter 2, providing a

foundation for the development of the model presented in Chapter 4.

3. Sustainability in a Mining Context

3.1. Introduction

This chapter presents several research and development projects which were undertaken over a

seven year period (2002 to 2009) in a research and development group in a trans-national mining

corporation12.  The purpose of this chapter is to analyse these projects from two perspectives:

firstly, operationalisation in terms of the narrowly conceptualised definition of sustainability (triple

bottom line); secondly the broader conceptualisation of sustainability of Gell-Mann and Söderbaum

developed in Chapter 2, involving a systems approach.  The conflation of the concept of

sustainability derived from these two scholars has implications for political economic organisations

because it is a concept of sustainability in which there is no disjunction between the different

dimensions of the biosphere.

The procedure followed in this chapter, is first to describe in brief the six research and development

projects from the technical implementation perspective. Thereafter the projects are analysed in

terms of corporate intentions as sustainability initiatives, informed by the various international

agreements described in Chapter 2. As a second stage of analysis, the same projects are interpreted

from a complex adaptive systems point of view, drawing on a theoretical model in which the seven

dimensions of Gell-Mann are taken as the matrix in which sustainability needs to occur. The

outcomes of these two analyses are compared and contrasted. A diagrammatic representation is

12 As geoscientist and head of Environmental Projects in the Geosciences Resource Group in a trans-national
corporation in the mining sector, I was project manager and a major participant in the research and
development team, responsible for the implementation of the sustainability orientated research and
development projects presented in this chapter.
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developed to show the extent to which each experiment (arising out of the projects) addresses these

dimensions, and how achievement of progress in these dimensions evolves with time as the

experiments evolve. These experiments and their analyses provide the empirical basis for the

sustainability orientated model proposed in Chapter 4.

The research and development projects were motivated by issues concerned with atmospheric

emissions reduction  and mining waste residue minimisation. The problems, as might be expected

in a mining context,  were remediated through technological solutions.  One of the two atmospheric

emissions projects, the Spontaneous Combustion project, was concerned narrowly with happenings

within the mine boundary. However, emissions into the atmosphere travel beyond mine

boundaries. The second air quality project, on Regional Air Quality, required that dimensions

other than technological, namely institutional, social and demographic, had to be taken into account

in view of the interconnectedness of human and natural processes.  These other dimensions were

important if sustainability was to be understood and realised as something different from weak

sustainability definitions.  The four mining waste residue minimisation projects were all related to

operational mining activities.  The first project, named Slag, treated minimisation of primary

mining waste residue and its potential for value-add products.  In the second project, named

Gypsum, secondary mining waste residues and their potential for secondary beneficiation was

assessed.  In the third project, termed Housing, the potential for the use of primary and secondary

waste residues for value-add products was investigated (specifically the potential to use slag and

waste-sourced gypsum materials in housing construction).  These three projects considered the

nature of mining waste residue materials and their potential for value-add products through

secondary beneficiation.  The fourth project – Residue Beneficiation – was about the need for an

integrating systems framework “ …that could be applied at different levels of scale and across

different types of phenomena” (Tippett et al., 2007:10) in support of greater sustainability in a

network across different mine sites. What the projects showed was that cleaner production and

secondary level beneficiation opportunities can be achieved. While Slag, Gypsum and Housing

was predominantly concerned with the technological dimension and can be grouped into one

cluster, Residue Beneficiation considered more dimensions, including ideological, institutional,

economic and social factors. Table 3.1 summarises the sustainability research and development

projects.
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Table 3.1 Summary of the six sustainability research and development projects, 2002-2009.

Project Description Transitions

Atmospheric Emissions Reduction through Cleaner Production

Within mine boundary

1. Cleaner Production in the Primary Extractive
Process through Integrated Spontaneous
Combustion Control and Management at an
Opencast Coal Mine

Social, informational, technological

Beyond mine boundary

2. Regional air quality Public Private Partnership in
Cleaner Production and Beneficiation with a Multi-
lateral Organisation

Institutional, social, demographic,
technological

Minimisation of Mining Waste Residues through Beneficiation

Within mine boundary

3. Minimisation of Primary Residues – Beneficiation of
Electric Furnace Slag

Institutional, economic, social,
demographic, technological

4. Minimisation of Secondary Residues – Beneficiation
of Water Treatment Plant Sludge (Gypsum)

Institutional, economic, social,
demographic, technological

5. Secondary Level Beneficiation of Residues Leading
to the Manufacture of Products – Beneficiation of
Residues into Housing Systems

Institutional, economic, social,
demographic, technological

Beyond mine boundary

6. Residue Beneficiation – Integrated Framework for
Secondary Beneficiation of Upstream Waste
Residue

Ideological, institutional, economic,
social, demographic, informational,
technological

The six projects listed, embedded in the technological dimension, had the common aim of

addressing a specific technical question across the entire mining extractive process.  Cleaner

production methodologies were used in spontaneous combustion controls to address the sustainable

development goal of improved air quality (and safety in the work place) within an opencast coal

mine.  In addition, a public private partnership in cleaner production and beneficiation with a multi-

lateral organisation was investigated to improve air quality beyond mine boundaries.  Cleaner

production also encourages reduce, reuse and recycle initiatives.  In three projects, minimisation of

primary and secondary mining waste residues through secondary beneficiation addresses the

sustainable development goal of providing opportunities that could be transformed into

commercially viable activities for the communities surrounding mining operations.  An overarching

and integrating framework to facilitate secondary beneficiation of upstream waste residues also

considered elements from beyond mine boundary, but still from within the company.
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This chapter consists of four main sections: a description of how a trans-national corporation

improved the air quality within the mine boundary and how it collaborated to improve air quality

beyond the mine boundary – a success in terms of the narrow definition of sustainability (triple

bottom line); how a trans-national corporation minimised mining waste residues with varying

success – again a limited success for sustainability; an overview of the same projects as

sustainability experiments from a complex adaptive systems perspective in seven dimensions – a

very limited success in terms the interconnectedness of all the dimensions in the biosphere; finally,

reflections on the sustainability experiments.

3.2. Improved Air Quality

To understand the two projects in improved air quality, the technical background to the experiment

is discussed.  The atmospheric emissions reduction projects are introduced and described to

illustrate how transitional steps from polluted to improved air quality were achieved to benefit

firstly the mine itself then secondly, people working and living in the vicinity of the operations.  To

do so, a series of adaptations in the technological dimension produced major, predictable, directed

changes in air quality.

3.2.1 Technical background to the two experiments in atmospheric emissions reduction

3.2.1.1 Within mine boundary – Spontaneous Combustion

In the mining industry, the routine extractive procedures do affect the environment and the

complex social milieu associated with those operations.  The economic benefit to the industry is the

focus of the operations.  However, the industry is guided by the need to give effect to integrated

environmental management as laid down in legislation.  Global initiatives act as best practice

pointers.  When the mining and environmental legislation was enacted the industry revealed itself

as compliant with the narrow definitions of the regulations.  In the larger context of the economic

model operating in the country, oversimplification and abstraction of the relationships between

environment, economics and society enabled the mining sector to respond mechanistically to

sustainable development ideas.  This is illustrated by the system of metrics and reporting employed

by the mining industry.  The system of mitigating air emissions from spontaneous combustion

serves as an example of a mechanistic response to the ideas of sustainable development and shows

itself as an implementation of weak sustainability.

Spontaneous combustion is the term used to describe the tendency of coal to self-ignite through

oxidation.  It occurs naturally and also in mining induced or related environments.  Spontaneous

combustion represents a problem on a global, regional and local scale.  Coal fires can impact

significantly on the environment.  They represent a source of gases, particulate matter and

condensation by-products.  In this way, spontaneous combustion contributes to atmospheric
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pollution, impacts water quality and leads to the loss of an energy resource (Stracher & Taylor,

2004).  Additionally, spontaneous combustion may compromise the safety of workers in the pit.

Coal is prone to self heating and spontaneously combusting under any condition where coal

surfaces are exposed to oxygen and heat dissipation is inhibited.   Mining aggravates the natural

tendencies of coal towards spontaneous combustion because in the process of mining, coal is

exposed to air and moisture.  This results in the generation of heat on the coal surface through

chemisorption of oxygen. Under favourable conditions, spontaneous combustion may follow.

Burning coal on mines requires effective controls to minimise loss of coal quality and production

and to mitigate safety, health and environmental risks.  Mining induced or related instances of

spontaneous combustion and environmental damage have been documented with examples from

Australia (Cliff, et al., 1996), South Africa (Brooks & Glasser, 1986; Brooks, et al., 1988; Falcon,

2004; Pone, 2005) and USA (Finkelman, 1974; Stracher, 2004; Stracher & Taylor, 2004).  Further

discussions on spontaneous combustion are available in Banerjee (1985), Glasser and Bradshaw

(1990), Hudak (2002) and Stracher et al. (2010).

In the process of implementing remediating activities against the risks of spontaneous combustion,

cleaner production controls and management systems on operational sites can be said to be giving

effect to sustainable development policy, understood in its narrow sense.  Further it can be argued

that this contributes to greater sustainability by virtue of improvements to the environment together

with production, safety and health benefits.

In the Witbank coalfield spontaneous combustion is pervasive on the open-cast mines. An

overview of the geology of the coal deposits in this Witbank coalfield is available in Cairncross

(2001). On the mine referred to in the experiment, open cast mining progressed into previously

mined areas, and spontaneous combustion became a severe and intractable problem. While

operating as an underground coal mine, this operation had not had problems with spontaneous

combustion; spontaneous combustion manifested itself when the operation changed to open cast

mining. Several solutions had been tried, including implementation of the double buffer blasting

method on an operational basis, which turned out to be expensive and impractical.  Cladding, the

use of water cannons, and loading out of burning coal had been tried.  Finally, additional technical

solutions to mitigate the spontaneous combustion became imperative to maintain the viability of

the mine. After six months of monitoring the double buffer blasting operation, the author realised

that the implementation of this control strategy was being carried out more as an ad hoc response

basis (as incidences of spontaneous combustion occurred) than as an integral preventative measure

that formed part of the routine mining process. Moreover, the drilling and blasting patterns were

carried out without consideration of quality assurance, or understanding of the process by which

the previously mined areas could be exposed to air.  (Drilling of holes for the double buffer blasting
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occasionally penetrated mining voids rather than the pillars.  Instead of properly sealing such holes

to prevent air ingress, such boreholes were left uncovered, allowing air to penetrate and trigger

spontaneous combustion. Proper inspection and control would have required such holes to be

sealed promptly, while machinery was still on site and the areas accessible.) The failure of

spontaneous combustion control solutions highlighted issues in the technological and social

dimensions which would need to be addressed.  It became clear that the perceived issue of air

pollution was not the problem, but a symptom; the cleaner production methodologies had failed

because they required higher levels of management intervention, and slightly higher operational

costs on a routine basis (paid for later in reduced productivity due to the delayed and apparently

disconnected spontaneous combustion).

The scope of the project was changed to address integration of spontaneous combustion controls

into the daily routine of extractive mining as standard operating procedures, and management

incentives to ensure compliance. Reasons for the change in scope was that severe spontaneous

combustion was resulting in operational safety concerns related to the handling of burning coal and

ash; larger quantities of reject material; and particularly, reduced yield of premium price export

quality coal. This approach, it was felt in the mining circles, would be in alignment with the results

of World Summit on Sustainable Development which emphasised the need for cleaner production

methodologies and beneficiation at source and not the treatment of symptoms.

People related matters were a significant contributor to the difficulty of managing spontaneous

combustion on site.  Many of the obstacles faced were significantly improved through

implementation of basic, but effective measures (Table 3.2).  The most important control measure

was that of the development of key performance indicators that integrate combustion control into

the routine of the mining sequence.  This had the effect of changing the perception of spontaneous

combustion control from an ad hoc procedure to an integral step of the extractive mining process,

and one on which senior managers would be measured for performance bonuses.

Table 3.2 Measures implemented to address the social dimension of spontaneous
combustion.

01
An improved system of communication on spontaneous combustion topics was
introduced

02 Key personnel with clear responsibilities and reporting lines was appointed

03
Relevant key performance indicators that integrate combustion control with the mining
sequence were launched

04
The introduction of awareness-raising through training, the dissemination of posters and
spontaneous combustion news flashes

05
The lack of experienced capacity was partially addressed through the personnel
changes and training
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Some of the technical questions were addressed through a number of key adjustments. These

included the simplification of what was a complex mining method, the integration of spontaneous

combustion control mechanisms into mining sequence, the implementation of regular on site

monitoring of drill holes and spontaneous combustion, and the ordering of additional equipment

(front end loaders).

Irrespective of adjustments to the mining method, the operation remains complex within a complex

system.  This mine remains a multi-pit and multi-seam operation.  The coal is being extracted from

an area of previously mined underground workings which were flooded then dewatered ahead of

mining.  It is not a question of eliminating spontaneous combustion, but rather one of continuing

mitigation and management.  Higher productivity, albeit at small levels, is the result of reduced

hazards in the pit, fewer gaseous emissions and improved coal quality.

3.2.1.2 Beyond mine boundary – Regional Air Quality

Atmospheric emissions from numerous sources, including mining, result in adverse conditions for

health and hence for human wellbeing.  The worst effects occur in residential areas because of the

inefficient use of wood and coal as a heating/cooking fuel, and proximity of residential areas to

large industries. At the time there were inadequate policies in place and little information on

atmospheric emissions and air quality levels with which to resolve disputes that inevitably arise

between communities, industries and regulators.  Anthropogenic and natural pollutants have been

observed and modelled as they are transported in the atmosphere.  Long-term consequences of the

cumulative loads of acidic and heavy metal species (e.g. H2SO4, Hg, Cr) which are deposited by

dry and wet deposition have been studied but the information is not widely disseminated (Annegarn

et al., 2004; Josipovic, M., 2009).

Communities living in the Emalahleni coal mining district lodge complaints about air emissions

with mining companies.  As a result, Coaltech, a collaborative research association of industry,

government, research institutions and labour, initiated a project to develop a methodology to

characterise emissions from coal mining.  The Coaltech Research Association is a collaborative

initiative established in 1999 to develop technology and apply research findings to enable the South

African coal industry to remain competitive, sustainable and safe (Coaltech, 2009).  The project to

characterise emissions from coal mining is but a partial solution, as complaints typically originate

from outside mine lease areas.  It is obvious that there is a need to characterise atmospheric

emissions over areas outside of the direct responsibility of the mining industry.

A strategic public private sector partnership between the public sector and large private sector

enterprises on Regional air quality was suggested.  One of the functions of such a partnership was

to have been the development of strategies for integrated action plans to address sustainable
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development concerns currently not addressed by industry, government or donors.  The overall

goal of that programme was to contribute to sustainable development through improved air quality

and to foster private-public collaboration in line with sustainable development policies of the trans-

national mining companies. The National Environmental Management: Air Quality Act, No. 39 of

2004 provides the legal framework and related standards for the management of atmospheric

emissions in South Africa.

This Regional air quality project considered the viability of implementing a public private

partnership to introduce effective pollution prevention measures for the protection of public health

and the environment over the central Highveld plateau of South Africa (Mpumalanga and Gauteng

provinces).  It was assumed that public private partnerships in southern Africa would include large-

scale private sector concerns and research organisations.  In addition, other public and private

sector entities working on industry-relevant problems would be included.  Multi-lateral agencies

and donor organisations would assist with methodological and financial support.  These agencies

would facilitate dialogue and programme development (Annegarn et al., 2004).  Ultimately the

focus of such a project was the development of a practical, cost-effective methodology to control

and mitigate atmospheric emissions in line with regulations in an industrial zone and beyond mine

lease boundaries.

In terms of weak sustainability, avoiding and minimising pollution at source rather than treating the

cumulative effect of pollution is desirable. Pollution prevention measures are understood to

include an understanding of the bio-geophysical environment, policy and technological

interventions, together with social participation.  There were two assumptions made in this

experiment.  First, that funding would be available from the collaborating parties, and second, that

collaboration in the form of a public private partnership would be feasible.

Documenting the viability assessment for a public private partnership as a vehicle for a regional

programme on air emissions, air quality and energy efficiency monitoring proved valuable as a

means of assessing what could be done. This public private partnership was to prioritise pollution

prevention strategies for public health protection and environmental equity in southern Africa.

Two regions were identified for detailed study: the Mpumalanga Highveld, in South Africa,

representing a highly industrialised area; and southern Mozambique, a less developed region,

downwind of Mpumalanga with its own emerging industrial base.

Global and constitutional imperatives, such as the right to a clean and healthy environment, have

led to changes in the legislative framework of South Africa.  Such changes act as regulatory drivers

for instituting new policies and programmes.  As recognised in the deliberations of the World
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Summit for Sustainable development, public private partnerships may provide one of the more

effective means through which to meet the increased expectations of society about sustainability.

The project resulted in a proposal for the development of a public and large-scale private sector

partnership in Regional Air Quality.  It was drafted between Coaltech in South Africa, the

Scientific Industrial Research and Development Centre in Zimbabwe and UNIDO in Austria.  This

framework also received support from the New Partnership for African Development, NEPAD.

The assessment was carried out to determine the viability of adapting methodologies developed

through Coaltech to address air quality issues in areas outside the zone of direct industrial

responsibility.

A public private partnership on air emissions monitoring engaging UNIDO, the multi-lateral

organisation, and Coaltech on an environmental feasibility study was implemented.  This study

highlighted the pitfalls of collaborating with a multi-lateral whose definition of private sector

happened to be focussed on small, medium and micro enterprises and not large-scale or trans-

national corporations.  There were several diverging views between (mining) industry and the

multi-lateral agency.  One such view included the insistence by the multi-lateral that the ‘recipient’

accept a series of conditions among them, the selection of consultants, exact topic and area of

study, the handing over of intellectual property, and the inequity in distribution of project funding

(UNIDO appointed staff 85%; in country participants 15%).  These conditions were not acceptable

nor accepted.  Although this pre-feasibility was completed, it was a slow, rigid process.  There was

no further engagement.13 What emerged was whether it was strategically important to proceed with

such collaboration for the benefit of a raised international political profile, or whether such a

political framework was merited.  The suggested collaborative framework involving industry

though did represent a model for a public private alliance of interest to NEPAD.  The benefit of

NEPAD support for this proposed partnership turned out to be in any case peripheral.

Enabling conditions can nevertheless lead to effective partnerships; an illustration of such a

successful public private partnership is the agreement between a mine water treatment plant and a

local authority for the supply of potable water into the municipal grid (Anglo American, 2011).

This project can be retrospectively considered as a sustainability project and success.  As it was not

one of the author’s projects, it is not considered further in this thesis.

13 A regional air quality study of the Highveld, along similar lines, was completed some six years later under
the auspices of the national Department of Environmental Affairs, as the second designated Air Quality
Priority Area.
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3.3. Minimisation of Mining Waste Residues

In this section, the four projects on minimisation of mining waste residues are considered from a

technical point of view (Table 3.1).  These projects show how transitional steps to minimise mining

waste residue were achieved to benefit firstly the mine itself, then secondly, people working and

living in proximity to these activities.  To do so, a series of adaptations in the technological

dimension produced major, predictable, directed changes geared to reducing mining waste residues.

These adaptations are discussed and reflected on in Section 3.4.2.

3.3.1 Technical Background to the four experiments in minimisation of mining waste
residues

3.3.1.1 Within mine boundary – Slag, Gypsum, Housing

The first project Slag, related to primary residues, namely electric furnace slag derived from the

extractive stage of mining at a metallurgical plant.  In this system, the technological dimension

focused on the need to identify reuse and recycle opportunities for electric furnace slag to address

institutional, economic, social and demographic dimensions.  The specific intent, to address

sustainability beyond mine closure required the identification of alternate possibilities for

employment and entrepreneurial activities.  Such opportunities, if transformed into commercially

viable ventures, could be the foundation of new economic activities in the surrounding

communities.

To deal with sustainability beyond mine closure, the technological dimension had to address

institutional (regulatory) and socio-demographic components first.  Consequently, the research and

development focus on materials characterisation deepened the understanding of the electric furnace

slag and its reuse and recycle potential.  Slag stockpiles remain behind after the metallurgical plant

has closed. However, as a condition of the current licence to operate, these have to be removed or

at least significantly reduced.  Such stockpiles require environmental rehabilitation in addition to

long-term monitoring and management.  However, if alternate uses can be found for this material,

the socio-demographic dimension would also benefit, not only the corporation.  To realise such an

opportunity, the viability of the commoditisation of identified research and development products

has to be proven after investigation.  If viable, then a degree of independence from the previous

mining activities is achieved and leads to greater local sufficiency through the opportunity for the

generation of socio-economic well-being beyond mining.  This allows for the evolution of activity

clusters in secondary beneficiation of these upstream waste residues to emerge in fields such as

manufacturing, materials preparation, distribution and research.

The system of minimising primary upstream waste residues, beneficiation of slag, described in this

Slag project can be considered as a novel response to the ideas of sustainable development in
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mining.  The technological dimension was mechanistic in the early stages and represented an

implementation of weak sustainability.  The technological transitions manifested as a shift from the

routine stockpiling of waste residue to a consideration of potential activities with which to

implement sustainability in more dimensions (institutional, economic and socio-demographic) and

at different levels.

Platinum was discovered in 1924 in the geological setting of the Bushveld Complex.  The Bushveld

Complex, dated at 2.06 Ga, is an intrusion extending over an area of 240 km by 350 km (Cawthorn

et al., 2002).  The Bushveld Complex consists of an early phase of mafic sill emplacement into the

Transvaal Supergroup, followed by felsic and minor basic volcanics of the Rooiberg Group, then

ultramafic-mafic rocks of the Rustenburg Layered Suite, and finally, the granite and granophyric

rocks of the Lebowa Granite Suite (Cawthorn et al., 2002).

Platinum occurs as part of the Platinum Group Metals (PGMs) together with other metals such as

gold, copper and nickel.  The PGMs are platinum (Pt), palladium (Pd), rhodium (Rh), ruthenium

(Ru), iridium (Ir) and osmium (Os). One review of the physical metallurgy of platinum minerals is

available in Savitsky et al. (1978). In the case of PGM concentrators, waste stockpiles consist of

slag and tailings.  At the target concentrator, only slag is stockpiled.  The latent value in this waste

stream was the focus for this experiment, as opportunities for creating secondary sustainable

extraction and production or manufacturing prospects were identified.  A series of orderly

processes were followed in the pursuit of sustainable development goals to identify alternate uses

for slag.  This applied research focused primarily on options from which to generate

entrepreneurial opportunities for the surrounding communities.  Applications to reuse the material

in product manufacturing were made to the regulator (national and provincial Department of

Environmental Affairs).  This process occurred in parallel with the materials research.

Consideration was also given to the mechanisms required to be in place for the persistence of such

opportunities beyond the influence of the operation.

Most information available on uses of furnace slag relates to ferrous slag, with far less research

available on non-ferrous slag.  Ferrous slag can be used in a number of different ways, including as

construction aggregates, as lightweight aggregates, as ground granulated blast furnace slag cement

as well as recycled back to the furnace.  Of the 45.5 million tonnes of ferrous slag generated in the

European Union in 2002 only 7% was not utilised and was instead, sent for final disposal according

to the European Slag Association (Euroslag, 2010).  Slag utilisation across the European Union is

tabulated per sector in Table 3.3.



84

Table 3.3 The use of ferrous slag across the European Union.

Percent % Volume Mio. Tonnes Market Sector

42 18.8 Road construction

37 16.7 Cement production

4 1.8 Internal recycling

3 1.2 Interior storage

2 1.1 Hydraulic engineering

2 1.1 Fertiliser

7 3.4 Final disposal

3 1.4 Other

Total 45.5

Source: www.euroslag.org

The extensive use of such industrially manufactured product reduces the demand for primary

resources.  By reducing this demand, the use of ferrous slag contributes to the protection of the

environment and biodiversity. Usage of ferrous slag is facilitated and encouraged in the European

Union.  The incorporation of ferrous slag into the European Aggregates Standards allows this

manufactured slag to be used readily and cost effectively in construction provided the product

specifications are met (Euroslag, 2010). In contrast, in South Africa under National Environmental

Management Amendment Act, No. 62 of 2008, metal processing residues are treated as classified

wastes requiring special environmental permits for any use, and instead are not regarded as a

resource, subject to environmental management as any other metal and mineral bearing ore.  The

new National Environmental Waste Management Act, No. 59 of 2008 is expected to change this

once guidelines on the reuse of such materials are finalised (draft guiding documents on the

preparation of Industry Waste Management Plans were published in June 2010).

The Slag project illustrates the development of practical opportunities in production and

manufacturing to reuse and recycle slag, generated during primary beneficiation of platinum ore.

Although there is much information on the alternate uses of slag derived from the production of

iron and steel as documented for example by Kühn et al. (2006), and Van Oss (2003), there is

relatively little on the reuse of slag generated through the extraction of platinum.  By identifying

reduce, reuse and recycle opportunities for non-ferrous slag, environmental footprint of this

metallurgical process plants can be reduced while at the same time providing a feasible opportunity

for an alternate local economy.

Although there are different types of slag defined in terms of composition, the focus in this study is

on slag derived from platinum mining. The platinum-bearing ore is smelted in a six in-line electric
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furnace to separate metal sulphides from oxides. The furnace has six electrodes, which uses the

resistance of the slag to generate heat required for smelting.  Smelting produces a metal sulphide-

rich matte, concentrated in copper-nickel and PGMs, while the oxides (SiO2, MgO, CaO, FeO and

Al2O3) separate into a slag (Davenport et al., 2002; Eric, 2004; Andrews, 2008). The slag is tapped

from the furnace at a temperature of approximately 1 600C.  A set of water sprays direct a large

flow of quenching water onto the molten slag.  This quenching of the slag granulates it to an

amorphous glassy mineralogy with a particle size varying from 10 m up to 4 mm (Figure 3.1).

Slag composition is dependent on the nature of the initial feedstock material.  Amount of slag

generated depends on amount of silica as a major oxide component in the feedstock.  Over two

million tonnes of slag is stockpiled currently at this operation.

Figure 3.1 Granulated slag.

The project involved providing some alternatives for the management of furnace slag derived from

the smelting process of platinum production together with obtaining relevant permits from the

environmental regulator.  The strategy employed was to target clean, energy efficient alternate

products, in accordance with the physical and mineralogical properties of the material.  Most

importantly though, was the brief to think laterally.

The scope of the project involved in the first instance a detailed characterisation of the slag

material.  This included comprehensive geochemical analyses of the slag in addition to determining

its physical and mineralogical properties. In this way, the nature of the material was understood

and any potential risk with using the material could be reduced.  (The average major element

composition of the slag is dominated by SiO2 47%, MgO 23%, CaO 5-11%, Al2O3 4% and FeO

11%). From this, selecting the appropriate material preparation method for the slag was possible.
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If the slag could not be used ‘as-is’, what crushing, dry or wet milling and particle size would be

adequate for reduce, reuse and recycle applications (Figure 3.2)?  Once the material was prepared,

then what process would be appropriate from high temperature, dry and wet process techniques?

Importantly too, the product stream selected would drive onward product specifications.  The work

that followed had to take the smelter processes and slag properties into account to prioritise

products that met safety, health and environmental requirements.  From here, the market could be

assessed and possible contractors identified.

Figure 3.2 Product innovation approach followed in Slag, Gypsum and Housing projects.

Project implementation involved identifying product development opportunities with the project

client and prospective contractors; establishing relevant commercial linkages; and meeting

stakeholders on the lifecycle viability of such products.  The project was to be considered

completed once a prioritised product had been tested, market potential assessed and

recommendations made for an implementation strategy. Components to be included were product

certification, business planning, and long term sustainability of the potential enterprise.

Meetings were held on site and with local stakeholders.  Additional meetings were held with

regulatory and potential business stakeholders, interested and affected parties, and material

specialists.  Various uses for slag were identified; these were analysed in terms of viability thus

identifying major process routes: as-is, wet processes, dry processes and high temperature
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processes.  Aside from using the slag as-is, the most practicable material preparation involves wet

processes from which building and mining products can be produced (Figure 3.3). High

temperature processes for the use of slag in building materials such as castable insulation slabs,

castable profiles and insulation rock wool (or mineral fibre) need further evaluation and

development particularly in view of the high energy inputs required.

Figure 3.3 A sample of products made using slag (Photo M. Symons).

The conventional approach used when beneficiating material such as slag into saleable products is

to conduct full-scale testing to allow for certification and appropriate licenses per product.

Permitting applications were submitted but by April 2010, the alternate uses had not been

permitted. Of note, new regulations have been recently promulgated addressing the need to reduce,

reuse and recycle waste, the National Environmental Waste Management Act, No. 59 of 2008

although the guidelines were not available in the course of this study; this Act should facilitate such

permitting procedures.

There are viable technical solutions to reduce, reuse and recycle slag derived from the process of

concentrating platinum ore. The biggest potential consumer of slag is the mining and construction

industry.  Off-takes of large volumes of slag for use in road cover in open-cast mines are a viable

alternate use for this material.  For use within mines in road cover, slag does not require material

preparation but more importantly, there are no indications of any significant environmental impacts

from road trials. In view of large volumes of material available, multiple off-takes for slag must be

considered.  Using milled slag and wet process techniques enabled the development of a suite of

products including rock support and bricks. As a consequence of product development, the slag



88

requires milling; this could present an opportunity for PGM recovery which is otherwise not viable

(with PGM4E grades less than 0.4gpt).  Slag can be used as a substitute for silica but is itself

vulnerable to substitution and hence, it is necessary to continuously improve and understand the

material and possible new uses in advanced composites.

Research and development successfully identified alternate uses and applications for slag, however,

these have not translated into commercially viable opportunities.  Bankable business plans though

could not be finalised as more focus had to be given to commoditisation aspects (a function outside

of core business). These commoditisation requirements meant a change of scope, more time and

financial resources to continue with this work.  Excessively long delays in approval of the permit

applications for the stockpile effectively halted full-scale testing, certification and appropriate

licensing for reuse and recycling applications in building products (road cover, bricks and housing

systems) and further research and development work in mining products (such as rock support and

ventilation seals).

The large stockpile with more than two million tonnes of slag cannot be reduced in one step. The

need to move large volumes of slag from site through multiple off-takes highlighted a different, but

significant concern.  This was how to manage the numerous parties that would require access to

material for off-take and how this would impact routine production at the plant.  It is also critical to

co-ordinate, liaise and manage many interactions with different parties to develop multiple

products, to determine which can be commoditised and which can be viable socio-economically for

commercialisation.  Quality assurance for each product, regulatory and legal constraints together

with identification of appropriate business structures had to be understood and catered for to ensure

the sustainability of proposed ventures. The business proposition focussed on sustainable

development opportunities that can benefit from a readily available large volume of low cost, good

quality slag.  The slag feedstock is located in an area targeted for development with a concomitant

need for housing and employment opportunities. Funding was made available to continue with an

adjusted scope to follow the permitting process, to work toward the commoditisation and

commercialisation of one prioritised product, Housing and to propose an enabling framework to

facilitate the entrepreneurial opportunities, Residue Beneficiation.

The second initiative in this cluster – Gypsum – related to the minimisation of secondary residues

derived from solid residues from a water treatment plant of coal mine effluents.  The complex

adaptive system in which this experiment occurred is a mine water treatment plant within the

context of mining operations.  In this system, the technological dimension focused on the need to

identify reuse and recycle opportunities for gypsiferous sludge generated by neutralising acidic

sulphates in the mine effluent.  This technological component formed the platform for institutional,

economic, social and demographic dimensions to emerge.  The specific intent, to achieve the ideal
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of zero waste residues, required the identification of alternate uses of the gypsum. Opportunities

that held the potential to maximise profits were optimised.

The incremental steps to the ideal of zero waste residues were slow but highlight the significance of

the technological dimension.  Understanding the nature of the gypsiferous sludge through research

and development allowed for its reuse and recycle potential to be assessed.  The alternative option

is to stockpile this material which requires rehabilitation, monitoring and management.  The

technological step methodology previously developed for the minimisation of primary residues –

slag – through product development was adapted to evaluate this secondary residue. While such

opportunities as use of the sludge for manufacturing could lead to socio-economic benefits in the

local communities, profit-maximisation allows (financial) economic benefits to accrue to the

operation.  This study illustrates a technological transition with some generative steps to deal with

economic, social, demographic and institutional dimensions in steps of varying sizes, longevity and

location.

The Emalahleni water treatment plant, located in the Witbank coalfields of Mpumalanga province,

desalinates rising underground water from three operational and one defunct colliery.  This

prevents polluted mine water from decanting into the environment and local river system.  At the

same time, it enables mining operations to proceed and reduces safety challenges.  Commissioned

in 2007, the plant produces 25 Ml per day of potable water, using reverse osmosis desalination

technologies.  Most of the treated water is pumped directly into the municipality’s reservoirs,

meeting some 20% of its daily potable water requirements.  Additionally water is piped to adjacent

collieries.  This project is a public private partnership jointly undertaken between two multi-

national mining corporations and the local municipality (Anglo American, 2011).

The reverse osmosis process used at this reclamation plant generates treated water together with

gypsiferous sludge and brine as by-products.  The latent value in the gypsiferous sludge waste

stream is the focal point of this second of three studies on waste minimisation. This investigation

differed from the Slag project in that it related to a different stage of the mining life cycle, and

where there was as yet no significant gypsiferous sludge stockpile.  It dealt with minimisation of

waste derived from a secondary beneficiation process, namely, treatment of mine water while the

previous discussion focussed on the minimisation of a primary beneficiation waste residue.

Gypsum, CaSO4.2H2O, a hydrous sulphate, is generally abundant (Hurlbut & Klein, 1977).  The

loss of the water molecules causes the gypsum structure to change and to transform into the

anhydrous sulphate, anhydrite, CaSO4. In the Gypsum project, the analysis of the gypsiferous

material revealed it was of high grade and suitable for re-use. Subsequently this gypsum was

transformed into building products (exemplified by wall boards), mining products (such as
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ventilation seals) and agricultural products (for example fertiliser) as part of the research and

development initiative.

The business proposition targets sustainable development opportunities that can lead to not only

lower disposal costs but also reduced environmental liability of having waste facilities.  Further,

this provides a value-add opportunity for the generation of a revenue stream through the direct sale

of the material by the operation. One example of the potential for the sale of gypsum is

documented in mineral commodity summaries by Crangle (2008 & 2011).

The third initiative of this group, Housing, involved deliverables from the previous two studies,

Slag and Gypsum. Both Slag and Gypsum projects resolved to prioritise building products for the

construction of housing systems; this decision was not made on a financial basis, rather, on the

basis of sustainability drivers to address the need for shelter and employment. Secondary

beneficiation of mining waste residues leading to innovative products used in housing systems

reflects the next step in the evolution of sustainability.  In this project the emergence of an adaptive

system to determine the viability of manufacturing housing systems derived from using primary

and secondary upstream mining waste residues was the specific intent. The focus on a housing

system, and not simply bricks, was to maximise the opportunities for employment and sufficiency

that could be generated.  A turn-key housing system solution included consideration of how to

establish material preparation, product manufacturing, system installation and logistics facilities

while also utilising the slag and gypsum residues.

Accordingly, directed transition steps in the technological dimension were the starting point.

However, to address the need to commoditise and build a prototype of one prioritised innovation

product, in this instance a housing system, required economic, social, demographic and institutional

dimensions be considered.  Questions pertaining to sustainability can be considered in this way, in

an integrated and orderly manner within each dimension.  The need to address sustainability

beyond mine closure and sustainability in the vicinity of the mines, justified the identification of

alternate possibilities for employment and entrepreneurial activities were such reduce, reuse and

recycle options to be made available.  The beneficiation of mining waste residues derived from

primary and secondary mining processes proffer a range of opportunities in housing systems.

While the business proposition considers the proximity of the materials to areas targeted for

growth, the availability of feedstock and access to energy, the commercial feasibility remains weak

based on current economic metrics, including those of the Green Economy. If transformed into

(less) commercially viable ventures such value-add products could be the foundation of new

economic activities in the surrounding communities. The exploitation of these resources, Slag and

Gypsum, with some material preparation and recombined into higher value-add products such as
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illustrated through the Housing project provides the focal point for creating secondary sustainable

extraction, production and manufacturing opportunities.

The aim of this sustainability project was to identify opportunities to commoditise one value-add

product, a Housing system, using slag generated through primary beneficiation of platinum-rich

ores and gypsum generated as a waste residue from secondary beneficiation of mining

contaminated water.  The laboratory-scale products made were produced using a range of

technologies, encompassing both simple and complex. Research prototypes of the housing systems

developed have been constructed (Figure 3.4).  This enabled aspects of the economic, social,

demographic and institutional dimensions to be considered in addition to that of the technological

dimension.

Figure 3.4 Research prototypes constructed through secondary beneficiation of upstream
residues (slag) in energy efficient housing.

3.3.1.2 Beyond mine boundary – Residue Beneficiation

The fourth project related to minimisation of mining waste residues, termed Residue Beneficiation,

evolved from the previous three projects and focused on developing an integrative system for

secondary beneficiation of upstream mining waste residues. Although this experiment evolved

within the context of the mining trans-national corporation, the specific intent was to address

sustainability beyond mine closure.  The methodology developed in the earlier projects identified a

range of alternate possibilities for employment and entrepreneurial activities.  Such activities could,

if aggregated, form the basis of a new local economy, less dependent on mining.  A further
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adaptation could lead to the establishment of a new industrial sector in secondary beneficiation of

upstream mining waste residues.

The focus of the project was on the realisation of entrepreneurial opportunities in secondary

beneficiation of upstream mining waste residues but in a sustainability orientated manner.  Waste

residue stockpiles remain behind after the mine or metallurgical plant has closed.  These stockpiles

require environmental rehabilitation in addition to long-term monitoring and management.

However, if an alternate use can be found for these materials, a degree of independence from the

previous mining activities is achieved.  It can lead to greater local sufficiency through the

opportunity for the generation of socio-economic well-being beyond mining.  This allows for the

evolution of activity clusters in secondary beneficiation of upstream residues operating in fields

such as manufacturing, materials preparation and research.

Knowledge derived from the earlier work about minimisation of mining waste residues, formed the

basis for the development of an overarching and integrating system for the development of

secondary beneficiation of upstream mining residues.  Such a system framework would be

independent of site specificity and therefore portable across the mining trans-national corporation.

In using a single business opportunity identified through residue beneficiation of upstream waste

residues we were able to understand some of the complexities in making such a transitional step.  It

was believed that the implementation of the business opportunity had to be systematically

undertaken.  The effect of a business opportunity of this potential on people who were jobless after

mine closure and mine retrenchments has to be managed.  An additional factor in the demographic

dimension is the impact of opportunity on the great numbers of people living precariously in the

penumbra of the economic success of those with employment from the mines.

Mining waste residues are available in all areas where mining activities currently occur or have

occurred.  Although there are some business activities at the interface between core and non-core

operations, these activities are conceptualised in the same mould of profit maximisation with little

or no attention to socio-demographic dimension.  The reuse, recycle and reduce principles of

cleaner production and beneficiation are spurred on by the opportunity to develop non-core

businesses which do not interfere with the routine of current mine production.  The entrepreneurial

opportunities were evaluated from a technical, legal and financial viewpoint.  Specifically, the

business model for these opportunities was premised on the principles of minimising risks and

liabilities, profitability, sustainability, technological innovation and transformation (to address the

needs of the South African Mining Charter).  The current paradigm of a neoclassical market

economy focuses on maximising profits.  However, for the entrepreneurial opportunities to realise

sustainability benefits, there has to be shift in economic paradigm.  The target of a sufficiency

economy means modest profits for such an interface company with options for activity available in
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various fields broadly categorised as technical, regulatory, business and political.  For the

envisaged integrating system to succeed there has to be an alignment with government’s

developmental targets.  To this end, collaboration in terms of a form of public private partnership

between industry, government and neighbouring communities (society) was envisaged.

The work carried out for this project involved conceptualising the integrated framework then

having it translated into a legal framework.  The next task involved identifying partners who shared

the same vision in terms of the need for sustainability beyond mining, to address different

functions, for example, materials and mining waste residue specialist technologists, technology

manufacturers, service providers, financial service providers and strategic partners such as Eskom,

and universities.  In parallel, engagement with government authorities, namely, Department of

Environmental Affairs, Department of Science and Technology and Department of Mineral

Resources, proceeded in regard to regulatory and technical aspects of the materials under

evaluation.  The commoditisation of the prioritised research prototype material, housing systems,

required business related steps.  A business strategy was prepared for the prioritised product which

involved assessing franchising, branding and marketing, an understanding of intellectual property

constraints, accounting and taxation implications in terms of risks and liabilities.  Work on these

different tasks was straightforward and was completed.

However, the last two planned tasks, relating to communications, mandates, protocols and

authorisation and to internationalisation, and including further discussions with Government were

not addressed.  This was as a result of monetary constraints after the 2008/2009 global financial

crisis, which brought this research project to a close.  These final tasks, effectively related to actual

implementation, would require a far deeper level of commitment from the company – for which I

did not have the mandate.  Although I was able to have a technical involvement with government, I

was only able to outline the strategy for commercialisation of mining waste residue products such

as the housing system but not able to implement it.

3.4. Experiments in Sustainability

Experiments in sustainability”  is what I have termed the six projects outlined in the previous

sections when I reviewed them from Gell-Mann’s perspective of what transitions would be needed

in seven dimensions of the biosphere to achieve greater sustainability.  The research and

development projects described in Sections 3.2 and 3.3 become conflated as sustainability

experiments because they are seen as part of the larger complex adaptive system in which mining

operates.  From a systems viewpoint though, the experiments reveal limited success in terms

sustainability because they were originally undertaken without consideration for the

interconnectedness of all the dimensions in the biosphere.
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3.4.1 Sustainability through Transitions in Seven Dimensions

The sustainability experiments are presented in six graphic illustrations as schematic trees (the

biosphere) arising out of the mining sector.  Gell-Mann’s (1994) suggested areas in which

transitions must happen towards sustainability (seven dimensions) are depicted as branches on the

trees in Figure 3.5. The smaller branches represent briefly and schematically the component sub-

systems of the seven dimensions. These illustrations of the experiments are necessarily schematic

and consequently reductionist, but they can be conveniently compared and contrasted in the figure.

This is to provide an introductory overview of where in seven dimensions the projects, despite

meeting their stage gates were short in the attainment of the goal of sustainability.  The branches of

the dimensions are all of equal importance in the flows of materials and energies which define

sustainability according to an expanded definition.

Figure 3.5A and B reflect the trajectories towards improved air quality, and Figure 3.5C and D

towards the minimisation of waste residues. In Figure 3.5C the three projects concerned primarily

with the technological dimension – Slag, Gypsum and Housing – have been grouped and are

represented in one schematic diagram. There follows a brief explanation after the figure

highlighting the systems and sub-systems in each dimension in which adaptations/transitions

occurred.  Where there was development in certain dimensions from an initial dynamic equilibrium

to a new dynamic equilibrium it is also highlighted.

The dimensions of the biosphere are presented in sequence from top to bottom – ideological,

institutional, economic, social, demographic, informational and technological. The roots represent

the trans-national corporation in which the definition of sustainability is – the triple bottom line –

while above ground is the interconnected biosphere in the form of a schematic tree evolving toward

sustainability.

The tree representing the biosphere in Figure 3.5A has the Spontaneous combustion project drawn

in red on it; Figure 3.5B shows the Regional air quality project in red.  Both Figure 3.5A and B are

what I have termed the projects which deal with Air quality (atmospheric emissions reduction).  In

Figure 3.5C in the biosphere three projects are represented but they are conflated – Slag, Gypsum

and Housing – I call this experiment Minimised waste residues. These three projects are shown

disaggregated in Figure 3.6. Figure 3.5D shows the biosphere and what I have called the Residue

beneficiation experiment.

The four experiments – spontaneous combustion, regional air quality, minimised waste residues,

residue beneficiation, show steps to greater sustainability.  If the four experiments are compared by

looking at the extent of the evolving sustainability in the seven dimensions drawn in red, it will be

clear that the development is more prominent in some dimensions than in others.
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The technological dimension was developed in all experiments because they happened in a mining

context as illustrated in Figure 3.5. My explanation of the sustainability experiments in the figure

begins with the technological dimension.

3.4.1.1 Technology dimension

In all four experiments, Figure 3.5A, B, C and D, the technological component is subdivided into

sub-systems, namely, product innovation and cleaner production. Cleaner production branches

out further into a monitoring system and an audit system.  This cleaner production branch is most

developed in Figure 3.5A with a monitoring and audit system with no development in product

innovation. In contrast, Figure 3.5C shows minor development in the cleaner production branch

while Figure 3.5D illustrates more evolution in this cleaner production system. The product

innovation branch is advanced in Figure 3.5C and D.  In Figure 3.5B the technological dimension

is the least developed has not developed far into cleaner production or product innovation.

3.4.1.2 Informational dimension

The informational dimension represented in the four schematic trees is subdivided into three sub-

systems – awareness, knowledge, skill.  In Figure 3.5A, C and D the informational sub-system is

shown to have changed. The awareness sub-component has further extended in those trees, but the

knowledge sub-system is only fully developed in Figure 3.5A and partly in Figure 3.5D.  The skill

sub-component shows good progress in Figure 3.5A and small progress in Figure 3.5D.  There has

been no development of the informational dimension in Figure 3.5B.

3.4.1.3 Demographic dimension

In the demographic dimension there are two sub-systems – urban and rural.  A further branch

emerges from the urban sub-system, namely, peri-urban.  In the experiments, the demographic

dimension shows progress in Figure 3.5B, C and D. There is no evolution in the demographic

dimension in Figure 3.5A. The urban sub-component showed some transition in Figure 3.5B and

further, through the peri-urban branch in Figure 3.5B, C and D.  The rural sub-component shows

some transition in Figure 3.5D.

3.4.1.4 Social dimension

The social dimension is divided into three sub-systems – communities, colleagues and third parties,

in these experiments. Figure 3.5A shows the progress in the social dimension in the colleagues

sub-component only. Figure 3.5B shows some development into communities, colleagues and

third parties. Both Figure 3.5C and D progressed more fully in the sub-system of third parties, and

with colleagues and communities.
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Figure 3.5 Evolutionary and goal oriented transitions to sustainability in seven
dimensions, drawn in red, to improved air quality (A, B) and to minimisation of mining waste
residues (C, D).  The biosphere is represented as a tree in seven dimensions, drawn in black.
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Figure 3.6 Evolutionary and goal oriented transitions to sustainability in seven
dimensions to minimisation of mining waste residues in Slag, Gypsum and Housing conflated
into one schematic diagram Minimised Waste Residues.

There are only minor differences between the three component experiments in the above figure.

3.4.1.5 Economic dimension

The economic dimension is only developed in the experiments illustrated in C and D in Figure 3.5.

The economic dimension is subdivided into sub-systems – institutional and neoclassical

paradigms.  The neoclassical subcomponent branches out further into reformed neoclassical from

which the global market system emerges.  The projects were conceptualised from within the

reformed neoclassical paradigm (triple bottom line). Both experiments, Figure 3.5 C and D,

showed development from the neoclassical to the reformed neoclassical paradigm.

The further evolution of the reformed neoclassical subsystem economic dimension is partly

addressed in Figure 3.5D through the global market branch.

3.4.1.6 Institutional dimension

In the institutional dimension the experiments are subdivided into three sub-systems – global rules,

country rules and organisational rules. The institutional dimension is not developed in the

experiment illustrated in A in Figure 3.5. However, the institutional dimension is developed in the
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experiments illustrated in B, C and D in Figure 3.5.  The organisational rules sub-component is

developed in all three trees while the country rules sub-system shows a paltry development in the

move to sustainability. The global rules sub-component is not developed in Figure 3.5B and D.

The global rules sub-component is also paltry in development compared to the organisational rules

in Figure 3.5D.

3.4.1.7 Ideological dimension

The ideological dimension in the experiments illustrated is subdivided into three sub-systems –

personal ethic, organisational ethic, political ethic. Only Figure 3.5D shows development in the

ideological dimension.  Development is more prominent in the personal ethic sub-system and

moderate in the organisational ethic with not much progress in the political ethic sub-system.

The four experiments presented in Figure 3.5 when considered as a whole, reflect seven years’

responses to sustainability.  But because sustainability was conceived as involving the triple bottom

line and not the whole biosphere, adaptations in sustainability were realised in relation to the goals

of mining.  For example, in a mining environment they could be expected to pertain to improved

air quality (Figure 3.5A, B and over time, to Figure 3.7) and to the minimisation of mining waste

residues (Figure 3.5C, D).  The technological dimension showed much development and

transition14; the technological drivers in the mines are internal and without those transitions the

impact on profit-maximisation could be serious for the industry.  These experiments prove that the

mining sector, represented here by a trans-national corporation, does indeed contribute to

sustainability, but according to a particular definition of the idea.  The specific improvements made

to air quality through changed standard operating procedures on the operations illustrate mitigation

inputs to the high-level climate change debate.  Initiatives to minimise mine waste residues through

beneficiation illustrate the systemic evolution within mining moving from the technological

dimension to address sustainability beyond mining in more dimensions.

3.4.2 Discussion of the Sustainability Experiments

If the four experiments are described in terms of an economic paradigm, then Figure 3.5A, B and C

reveal, along an imaginary continuum towards sustainable development, a reformist model of

sustainability in which the separate entities of economy, society and environment are drawn as

interlocking (see Figure 2.1) to indicate their mutual interdependence. This confirms the position

held by the trans-national mining corporations on sustainability. Only in experiment Figure 3.5D

was it apparent that a radical reinterpretation of the present dominant paradigm of sustainable

14 Given that the representations are both schematic and experiential, it is not possible in the scope of this
document to show that the technological development in mining covers a period greater than 100 years
whereas social development is a more recent concern in the industry.
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development was enacted by evolving to sustainability through transitions in seven dimensions

from the start.

The mining industry is enabled to subscribe to the weak sustainability paradigm because of the

kind of reporting it is expected to do.  The industry reports on progress through measurable

indicators of sustainability laid down by regulation and recommended by the Global Reporting

Initiative.  These guidelines, based on profit maximisation, confuse natural capital with human

capital.  The fallacy of this argument is not redeemed by resorting to strong sustainability, which

precludes mining entirely.

In reviewing the experiments it was noticeable that in the technological dimension “a small input

produces major predictable directed changes” (Holland, 1995:5).  Another way of describing the

experiments could be at their different stages on the way to sustainability as “predevelopment”,

“take-off” , “breakthrough” and “stabilisation”  (Rotmans et al., 2001); this conceptualisation

changes the perspective on the success of the experiments as sustainability experiments. If

transition is the shift from an initial equilibrium to a new equilibrium as a result of interacting

processes and innovation in a societal sub-system, the experiments reveal the processes are at

different stages in the different dimensions.  Considered holistically the air quality experiment

Figure 3.5A is at predevelopment close to take-off stage while the second air quality experiment

(Figure 3.5B) and the minimised waste residues experiments (Figure 3.5C, D) are at an earlier

predevelopment stage.  For example, in the technological dimension, processes are more advanced

in Figures 3.5A, C, and D than processes in other dimensions.

3.4.2.1 Improved air quality

Ideally the technological dimension should not be divorced in a simplistic way from the biosphere

as in a positivist perspective.  From a transition theory point of view, the socio-technical landscape

of “…heterogeneous, slow-changing factors such as cultural and normative values, broad political

coalitions, long-term economic developments, accumulating environmental problems, growth”

(Geels, 2004:34) is not traditionally considered in the mining sector.  The phenomenon of

spontaneous combustion is usually observed objectively as separate and separable from its broader

effects.  The concept of sustainability is not embraced in a radical way in this style of thinking.

Nevertheless, the impact on the environment in the case of better technological management of

spontaneous combustion is a positive contribution to safety, health and environmental management

and to production.  A description of what spontaneous combustion is as well as its effects outlined

in Section 3.2.1 elucidates this statement.

This first experiment in sustainability, to develop a practical, cost-effective methodology to control

and mitigate spontaneous combustion at an opencast mine and to reduce the mine’s adverse
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atmospheric emissions in line with regulations, grew from the technological into the informational

and social dimensions within the mine lease boundary, the delineated extent of the study area

(Figure 3.5A).  The “…dominant practices, rules and ensuing logic of appropriateness” (Kemp &

Rotmans, 2004:140) of the organisation gave impetus to the technological trajectory of the

experiment.  In any dimension, as in any system, the sub-systems will be at different stages of

beginning, middle and end: in Figure 3.5A this is represented schematically with shorter or longer

red lines.  The response-stimulus processes of interactions and connections initiated through

managed technological solutions and their implementation cannot be adequately represented in the

illustration and can better be described.  The rate of adaptation showed fast and slow development

resulting from interacting processes.  The elements of the networks which became adaptive agents

were particularly active in the social dimension as aggregate agents.  In turn these aggregate agents

themselves became adaptive agents in the informational dimension with a consequent evolution in

complexity.  Finally spontaneous combustion controls were implemented and in this way limited

sustainability demands were met through transitions from one practise to a more sustainable one

that achieved a goal in air quality (and safety in the work place).

The technological dimension as to be expected was successfully implemented although the

experiment failed to develop beyond the internal monitoring and auditing role.  Some actors

reverted to an older way of mitigating spontaneous combustion, that is, the ad hoc style.  Other

actors implemented the new integrated system.  With a change in actors, (the dominant practice and

rule of regular staff changes) came a loss of knowledge in the informational dimension and a

resistance to the implementation of an innovation to which that actor was not party. This

Spontaneous combustion experiment was delineated geographically at the level of a mine lease

boundary and was undertaken because of the mine’s direct economic interest.  The fact that

complex adaptive systems may have a memory, in this case, the mine had traditionally approached

the management and mitigation of spontaneous combustion in an ad hoc way, meant that this prior

management procedure influenced the experiment.  To implement the transition from ad hoc

measures to standard operating procedures which would serve sustainability, meant that the

complexity of the interlocking systems of the extractive mining activities and the behaviour of the

people engaged in all the levels of the mining, had to be considered.  But there was a lack of

fluidity in this system.  The dynamic network of multiplicity – local and inter-area connectivity – in

the mines refers to the professionals (engineers, scientists, and managers) and the operators (skilled

workers) in their complex roles.  Transition steps in the technological, informational and social

dimensions had to take place concurrently with mining.  Some of the transitional steps included

running regular courses on spontaneous combustion management and mitigation, distributing

spontaneous combustion alert notices and the public recognition of staff who effectively managed

and mitigated spontaneous combustion.  The result of changes in the technological dimension,
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resulting in turn from changes in the informational and social dimensions was that key performance

indicators related to spontaneous combustion control were introduced as a matter of routine.  The

management of spontaneous combustion was incorporated into standard operating procedures at

the mine; this was a new complex adaptive system in place.  However, the contribution of

atmospheric emissions from the mine to degraded air quality beyond the mine boundary was the

next sustainability question that emerged.

The second experiment in sustainability – Regional air quality – shown in Figure 3.5B – a public

private partnership between UNIDO as a multi-lateral organisation and Coaltech as an association

of industry, government, research institutions and labour was to minimise pollution at source rather

than treating the subsequent symptoms and cumulative impacts of pollution.  In the preparatory

phase of this sustainability experiment a detailed proposal for a public private partnership to

address air emissions, air quality and energy efficiency monitoring for prioritisation of pollution

prevention and public health in southern Africa emerged.

This experiment (Figure 3.5B) evolved from the World Summit for Sustainable Development and

the Johannesburg Plan of Implementation which highlighted larger social and environmental

obligations for the mining sector.  The experiment evolved to incorporate the technological,

demographic, social and institutional dimensions outside the mine lease boundary and extending

across the province of Mpumalanga and with a planned extension into Mozambique.  The niches

(where new things happen) affected were in four dimensions – the technological, demographic,

social and institutional.  Each managed step in each dimension was differently conceptualised,

differently executed and differently measured.  Like the developments in the first experiment

(Figure 3.5A) in the technological dimension, the planned steps in the institutional dimension

moved the experiment forward towards greater sustainability.

The transition steps in the institutional dimension showed that reaching agreement on contractual

obligations about the allocation of financial and human resources was necessary.  The transition

step from an inflexible resource allocation procedure (based on international agency rules) to a

more flexible process would have allowed a further evolution in the experiment.  However, because

the institutional dimension is itself composed of a multiplicity of complex adaptive systems,

irrespective of compliance with governance factors, the organisational sub-system could not

develop at the same pace as the technological one in Figure 3.5A.  The managed steps of the

transitions were accomplished to the end of a pilot phase investigation, but the experiment did not

evolve and transition to a new dynamic equilibrium. The multi-level nature of the network in

which the actors participated was shown to be bound in different states and the dominant sets of

practices, rules and ensuing logic of appropriateness in the institutional dimension precluded any

persistent collaboration.
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The sustainability experiments support sustainable development activities although there are

several limiting factors.  These limiting factors include, but are not restricted to, the demographic,

informational, ideological and institutional transitions referred to by Gell-Mann (1994:345-366)

(Table 2.1).   The focus remains on weak sustainability as implemented by the mining sector

although there was the potential for a move to greater sustainability in regard to the surrounding

communities.  Although technological, demographic, social and institutional dimensions were

considered, it was the institutional dimension which determined the extent of the experiment. More

consideration given to all dimensions of the biosphere would have made this second experiment in

air quality more sustainable by allowing enabling conditions to develop.  Then effective

partnerships and transitions to sustainability can become possible.

The temporal component of the air quality experiments, schematically drawn in Figure 3.7, reflects

the independent nature of the Spontaneous combustion and Regional air quality projects (shows the

potential to evolve toward sustainability but a black swan event (Taleb, 2007) in the form lack of

consensus precluded further evolution).

Figure 3.7 Temporal nature of evolutionary and goal oriented transitions to
sustainability in seven dimensions to improved air quality from 2002-2004 (Figure 3.5B) and
2004-2006 (Figure 3.5A).
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3.4.2.2 Minimisation of mining waste residues

In the following sections a distinction is made between the first and second projects on

minimisation of mining waste residues.  The discussion ranges over the transition steps revealed in

the sustainability experiments.

The experiments, Minimised waste residues illustrated in Figure 3.5C and Residue beneficiation in

Figure 3.5D, show how transitional steps from stockpiled material to minimised mining waste

residues were accomplished.  The first beneficiary of this experiment was the mine itself.  The

series of teleological/directed adaptations in the technological dimension produced major,

predictable, directed changes in reducing mining waste residues through beneficiation technologies.

One of the evolving transitions was the future benefit to the community in the vicinity because they

would have work, housing and opportunities.

The first experiment – Minimised waste residues, to identify and develop a practical, cost-effective

methodology through beneficiation to reduce, reuse and minimise mining waste residues while also

reducing the environmental footprint of mining in line with regulations, evolved from the

technological into the informational, demographic, social, economic and institutional dimensions

focussed outside the operation’s lease boundary (Figure 3.5C). In any dimension, there are sub-

systems.  Each of these is at different stages of a beginning, middle and end. Figure 3.5C

represents this loosely with shorter or longer red lines.  In these stages, the response-stimulus

processes of interactions and connections initiated through managed technological solutions and

their implementation caused elements of the network to become adaptive agents.  These adaptive

agents became active in the social dimension as aggregate agents.  In turn these aggregate agents

themselves became adaptive agents in the informational dimension with a consequent evolution in

complexity which showed itself as a minimisation of mining waste residues.

This experiment, although delineated geographically at the level of the operation’s lease boundary,

had as its goal to address regulatory obligations in terms of corporate social responsibilities and

legislation as well as the mine’s indirect economic interest.  Three individual projects in research

and development – on electric furnace slag, gypsiferous sludge, housing systems – contributed to

this experiment on the minimisation of mining waste residues through beneficiation technologies

(Figure 3.6).  All three studies extended beyond the operation’s lease boundary into the

surrounding areas.

Complex adaptive systems may have a memory, in this instance the operation had traditionally

approached the management of mining waste residues through stockpiling of this material.

Historically that approach has been successful.  Such historically successful solutions are primarily

technological because they relate directly to the primary beneficiation activities of mining.  This
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prior management procedure influenced the experiment through the technological dimension.  To

implement the transition from stockpiling to beneficiation to serve sustainability, meant that the

complexity of the interlocking systems of the extractive mining activities and the behaviour of the

people engaged in all the levels of the mining, had to be considered.  From the point of view of the

experiment there was a lack of fluidity within and across this system.  The dynamic network of

multiplicity – local and inter-area connectivity – in the mines, refers to the professionals (engineers,

scientists, managers), in the local authorities to the decision-making professionals, in third party

engagement to the professionals and businessmen – in their complex roles.  Transition steps in the

technological, informational, demographic, social, economic and institutional dimensions evolved

differently within the three individual studies that constituted this experiment. A directed

adaptation and transition in the technological dimension is illustrated in the undertaking of

materials characterisation and its subsequent preparation for use in other applications as standard or

innovative products.  The prioritisation of the alternate use of such material in housing systems in

alignment with government priorities reflected initial steps of adaptation in the social, demographic

and ideological dimensions.  The submission of permit applications to the regulator for reduce,

reuse and recycle through beneficiation of the mining waste residues in other products shows an

adaptation in the institutional dimension. The alternate use of such material is illustrated through

prototyping of house building (Figure 3.4) and the potential to initiate business opportunities for

the communities shows directed adaptations and transitions also in the economic dimension.

The evolution of sustainability in this experiment, Figure 3.5C, shows the series of transformational

steps and adaptations in response to stimuli.  Such stimuli emerged as a consequence of

developments from within the technological dimension into the other dimensions.  Each step in

each dimension had to be differently conceptualised, differently executed and differently measured.

In considering the minimisation of mining waste residues as a contribution to socio-economic

development in the vicinity of the operations, one of the emergent phenomena that was identified

was the persistence of the activity outside mine involvement and beyond mine closure.  An

important consideration was the need to distinguish the role of the mining industry in primary

beneficiation of minerals and metals in respect from its role in secondary beneficiation.  In

secondary beneficiation, particularly of upstream mining waste residue, transformations and

adaptations would be needed as this is a non-core activity for the trans-national corporation and

does not attract direct operational involvement. Further transitions and adaptations are needed in

the regulatory procedures to move them from being restrictive to being enabling to encourage

secondary beneficiation of upstream mining waste residue.

The third experiment in sustainability, Figure 3.5C, was to identify and develop a practical, cost-

effective methodology through beneficiation to reduce, reuse and minimise upstream mining waste
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residues while also reducing the environmental footprint of mining in line with regulations.

Alternate uses were identified for the materials evaluated – furnace slag and gypsiferous sludge –

using existing technologies and product innovation methodologies.  The product matrices generated

presented a series of opportunities for the establishment of upstream waste residue beneficiation

activities (see Figure 3.3 for some products). The identified opportunities though would need to be

further developed to commoditise the product and realise the potential business venture. In this

regard, directed adaptations in the technological dimension contributed to transitions in the

economic, social and demographic dimensions.  The construction of research prototype housing

systems (Figure 3.4) illustrates this. The demographic dimension is evidenced in the decision to

prioritise the development of housing systems.  Technological elements such as design,

manufacturing plans, certification and documentation, have provided inputs to the economic

dimension for assessment of, for example, business plans and market off-take commitment while

inputs from the social dimension are reflected in the design element.

The experiment evolved from within the operation’s lease boundary inthe technological dimension

into the informational, demographic, social, economic and institutional dimensions focussed

outside the lease boundary.  Where institutional (in this instance, external factors related to the

regulatory process) delays emerged as the limiting factor in realising the envisaged benefits from

sustainable development interventions in the minimisation of mining waste residues, what was

revealed was that mining, the  primary extractive process, remains the default focus.  The focus

remains to provide a service to mining and associated activities that contribute directly to the

primary beneficiation function, as it should, despite the move to greater sustainability.

Mining waste residue stockpiles are considered waste, not valuable and consequently are treated as

a liability.  Although each mining waste residue is derived from a different process, in the proposed

model these materials all represent an opportunity for development located in mining districts

across different geographic locations.  From the model, upstream mining waste residues are not at

the end of their life-cycle and instead represent a natural resource (feedstock). Cleaner production

benefits expected to arise relate to sustainable development gains and financial advantages.  Value

can be unlocked from the mining waste residues by turning a liability into a value-add commodity.

The emergent product development methodology can be used across different commodities and

regions with minor adaptations to address local circumstances.  Materials which have been viewed

as an environmental and post-closure liability can be reduced, reused and recycled.  These

materials can be incorporated into commodities for use in the mining and building industry.  By

identifying secondary sustainable extraction and production or manufacturing prospects, it is

possible to unlock value for the trans-national corporation and surrounding community

stakeholders.  Such innovation clearly targets sustainable development goals for the mine; these
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can lead to lower disposal costs, reduced environmental liabilities and value-add options to

generate new revenue streams and reflects the potential for an operational public private

partnership.  Of note is the improved prospect for sustainability beyond mining for the surrounding

areas.

The fourth experiment on sustainability shown in Figure 3.5D an overarching framework for the

minimisation of mining waste residues was assessed. Ricard (2004:719) deduced that the

functional organisation of the overall system “ …cannot be understood from the sole analytical and

reductionist/ approach.” With this in mind, an overarching integrating system was prepared from

which to establish clusters of upstream waste residue beneficiation activities.  Such activities could

lead ultimately to the establishment of an industry in secondary beneficiation of upstream mining

waste residues confirming a move toward greater sustainability, to develop longer term

opportunities to ensure sufficiency sustainability beyond mining.  Demographic, institutional,

ideological and informational factors were considered in addition to technological, economic and

social dimensions (Figure 3.5D).

In terms of the complex adaptive system in which this experiment evolved, the maladaptation

represents a failure from within and outside the system. Once the first phases of research were

completed, the non-core nature of this activity raised internal organisational barriers.  Within the

corporation, the unwillingness to engage in sustainable development activities beyond mining is a

disorderly transition (it halts the project). The core focus remains mining and activities that

contribute directly to this primary beneficiation function.  The regulatory constraints, external to

the corporation, have a similarly catastrophic effect and led to a disorderly transition (it halted the

project).  The intent to address the implementation of sustainability in a more integrative manner,

to create the fabric within which corporate social responsibility projects interconnected, coincided

with the global financial crisis.  This led to the withdrawal of research and development funding

and termination of the project.  The global financial crisis, resulted in the company restructuring

and as sustainable development projects are not core to the business (mining is with sustainability

integral in so far as it affects compliance), led similarly to a disorderly transition (it halted the

project).

Sustainability activities, particularly of a technological nature, only occasionally extend beyond the

initial phases of implementation. This lack of persistence can be attributed to insufficient

integration of the systems into which such projects are placed.  Projects of a technological nature

are successful where the mine has a direct interest in this success.  Hence the miner is often a major

shareholder, and its staff manage the activity.  This allows full project management principles to be

followed, backed by a profit motive.  Such activity is related directly to primary beneficiation of
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minerals and metals, the core business of mining.  In contrast, secondary beneficiation of mining

waste residues, as a non-core activity, is unlikely to attract direct operational involvement.

The longer-term vision envisaged a stepped transition toward the establishment of an industrial

sector in secondary beneficiation of mining waste residues.  This provided an opportunity for a

multi-layered, multi-faceted measure of sustainability via a “flow of materials and energy between

human activities and the environment and both constantly interact with each other” as illustrated in

Figure 2.1 (Giddings et al., 2002).  However, to implement such a vision in this instance requires a

changed paradigm.  It would mean the introduction of a different way of doing business with low

monetary profits but high sustainability benefits and sufficiency.  This would operate in parallel to

the market economy with its high profit motives and low sustainability benefits.  The paradigm

shift would be a step or an orderly transition toward pluralism in economics.  It would in this way

contribute to re-introducing democracy into the ideology of economics (Söderbaum, 2008b).

In this experiment (residue beneficiation), the reformed neoclassical view (adjusted neoclassical

paradigm) informed the thinking on sustainability.  This broadened definition adjusts the business-

as-usual model of three separate and non-interacting entities, economy, society and environment

and places it firmly within that of interlocking bodies which address environmental and social

problems facing humanity.  Consequently, organisational and management systems were drafted to

enable this sustainability.  Although this experiment was conceptualised from within the reformed

neoclassical paradigm (triple bottom line) in its development it might be said to reflect changed

thinking in the direction of the institutional economic paradigm.

The transformational steps to achieve greater sustainability considered in this experiment included

technological, economic and social issues.  However, demographic, institutional, ideological and

informational dimensions were not thought to be so important. The attention to the market niche

exacerbates the already oversimplified and highly abstract schema by which the complex adaptive

systems of the biosphere and human activities are represented. While considering the seven

dimensions in which sustainability transitions would have to take place, the oversimplification and

extreme abstraction that obscures the interconnectedness and the logical levels of society,

economics and the environment, became apparent. Financial metrics is not an appropriate measure

for every dimension.  This can be seen, for example, in Table 3.4 in the ideological dimension

where one measurable contribution to sustainability by the trans-national mining corporation is it

being a signatory to the global alliance of the World Business Council for Sustainable

Development.
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Table 3.4 Contribution to sustainability by the trans-national corporation.

Transitions Measurable contribution to sustainability

1 Ideological
Participates in global market economy and constructs
e.g. by being signatories to global alliances such as WBCSD

2 Institutional
Addresses corporate governance
e.g. by ensuring legally compliant with business and regulatory
guidelines

3 Economic
Generates economic (financial) wealth
e.g. by production which generates profit and taxes

4 Social
Prepares annual corporate social responsibility reports
e.g. by funding community engagement activities at operations

5 Demographic
Provides remuneration for labour
e.g. by employing staff and providing health and social security
benefits

6 Informational
Provides staff training and bursaries; reports
e.g. by funding Chairman’s Fund1 activities

7 Technological
Supplies primary beneficiated product
e.g. by applying low, medium and high level technologies

1More information on Chairman’s Fund in TSI (2011).

The contribution to sustainability in each of the dimensions is not only appropriate to its nature but

can be measured by metric appropriate to its scope in the biosphere. The sustainability experiments

have contributed albeit through small adaptations to sustainability as listed in Table 3.5.

Table 3.5 Contribution to sustainability derived from experiments.

Transitions Measurable contribution to sustainability from experiments

1 Ideological
Participates in global market economy and constructs
Nil

2 Institutional
Addresses corporate governance
e.g. by ensuring legally compliant with business and regulatory guidelines

3 Economic
Generates economic (financial) wealth
e.g. by reducing environmental liabilities

4 Social
Prepares annual corporate social responsibility reports
e.g. by making available inputs on activities at operations

5 Demographic
Provides remuneration for labour
Nil

6 Informational
Provides staff training; reports
e.g. by providing information and reports on activities at operations

7 Technological
Develop improved energy efficient technical methodologies
e.g. by carrying out research and development
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The experiments in sustainability showed evolution in certain dimensions at different times and not

in others, as would be expected.  The temporal component of the experiments on minimisation of

mining waste residues, schematically drawn in Figure 3.8, reflects the interconnectedness of the

Slag, Gypsum, Housing and Residue beneficiation projects.  The evolution of projects, from

different mining waste residues (Slag and Gypsum), to an overarching framework (Residue

beneficiation) to a product (Housing) show the potential to evolve toward sustainability.  Openings

were identified in four areas, (i) technical related to the feedstock materials including preparation

and product manufacture; (ii) regulatory which considers permitting and certification among

others; (iii) commercial which includes commoditisation of products; and (iv) political – lobbying

and liaison with politically economic organisations.

Figure 3.8 Temporal nature of evolutionary and goal oriented transitions to
sustainability in minimisation of mining waste residues from 2006-2009.

The main activities of the experiments on minimisation of mining waste residues are illustrated

schematically in Figure 3.9.  Even though the planned activities from 2010 onwards were not

executed, this diagram also reflects the interconnectedness of the Slag, Gypsum, Housing and

Residue beneficiation projects.
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Figure 3.9 Main activities in minimisation of mining waste residues research and
development projects from 2006-2009 and planned activities from 2010 (not executed).

3.5. Conclusion

If sustainability is to be taken seriously these experiments show that for sustainability (not simply

financial sustainability) to happen successfully, it would have to happen in this case beyond

mining, and in an adjusted economic paradigm in which dimensions other than those traditionally

emphasised in mining would have a place.  In this chapter, in the four experiments conducted in a

mining context it was shown that the the processes are at different stages in the different

dimensions. Processes in the technological, informational and economic dimension are more

advanced than processes in the remaining ideological, institutional, social and demographic

dimensions.  The experiments described reflected the interaction of networks in multiple

dimensions in a dynamic environment (McQuade & Butos, 2009:78-79).

The development in the technological dimension is in alignment with the economic dimension of

mining institutions.  Beneficiation in the current paradigm is separate from other dimensions

because mines are not conceptualised as complex adaptive systems operating in a research and

development environment.  Further, transitions are not given equal value in all dimensions. In the

decision to persist with any sustainability experiment, the organisation falls back into default mode

of profit maximisation to the exclusion of other consideration; any efforts to move the experiment

into another economic paradigm are truncated.

In conclusion, reviewing the experiments shows the potential for sustainability in the mining sector

is restricted by its focus on the technological nature of the core business activity.  As a result,
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technologically based sustainability projects in a research and development ambit mostly conclude

at project milestones as planned.  To encourage the adaptations in the dimensions towards

sustainability requires that a different concept and model be pursued.  Sustainability within mining

is hampered by the very nature of mining activities.  In such activity, sustainability as duty of care

through cleaner production remains clearly the responsibility and role of the sector.  The

obligations of mining in ensuring sustainability beyond mining would be better addressed if

considered in a structure outside that of its core activities.

To do so, a series of adaptations in the technological dimension produced major, predictable,

directed changes in air quality.  These changes were observed, documented and evaluated from a

complex adaptive systems theory perspective.

If experiments are considered as a series of transitions in seven dimensions, it is obvious that it is

within the technological dimension that most development happens.  Because mining involves

extractive technologies and process activities, the remaining six dimensions are subservient to the

technological component.  Hence the technological component becomes the most crucial.  The

reality is the technological dimension is the most evolved as evidenced in all industries.  This

evolution, at the expense of people and environment, is a characteristic of the 21st Century.  It

supports the argument for directed change.  While the mining sector does intervene in the other

dimensions, these are not considered important.  Each experiment reflects how the other

dimensions are neglected.  It is this neglect which has led to the negative impact and perception of

the mining industry.

When business is conceptualised as business-as-usual only and not inclusive of sustainability in its

multi-dimensional context, defined here in seven dimensions, sustainability is completed primarily

by implementing the technological and economic dimension.  Although consideration is given

briefly to the social component, by not addressing or engaging on all seven dimensions from the

outset returns business-as-usual. This is where community problems arise as the global

consciousness, the ethic and integrity of business is questioned.

The mining industry is unable to implement the multi-dimensional transitional steps in ensuring

sustainability outside mine lease boundaries with good reason.  The sector is successful precisely

because the nature of its core function, in extractive industries, requires a technological focus.

Consequently, the sector has adapted its technological focus to align with the economic model

within which it operates, a neo-classical paradigm adapted to include social and environmental

metrics in a global market economy.  In order for the mining sector to be effective in addressing

sustainability beyond mining there has to be a change in mindset.  Sustainability needs to be
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considered holistically, in multi-dimensions within which subsystems are at different stages in

order to adapt in transitional steps, to a new order.

Where the transition starts and where it goes to is different every time because it is part of a

complex adaptive system.  This is because the boundaries of a complex system have to be made by

the observer.  The transitions happen within the dimensions.  Flux of ideas and differing end goals.

In the mining industry, unless it is regulated, there will be no memory.  Further, the complex

adaptive systems studied in each instance represent nested complex systems where its components

are themselves complex systems each with own networks and interactions.  In addition, the systems

contain both positive and negative feedback loops.

The systematic and systemic integration of the transitions in each dimension shows the regimes,

that is the “…dominant practices, rules and ensuing logic of appropriateness” (Kemp & Rotmans,

2004:140) of the mining sector, to favour profit maximisation.  This is in line with the neoclassical

paradigm in which the mines have long operated.  The activity of the mining sector in primary

beneficiation is now in a state of dynamic equilibrium that has persisted over an extended period.

Any novel activities outside primary beneficiation, such as secondary beneficiation, represent a

core transition from the extractive focus.  The triple bottom line as executed uses scorecards and

targets to address corporate social responsibility aligned to the guidelines as set by the Global

Reporting Initiative, the International Council on Mining and Metals and the World Business

Council for Sustainable Development.  Such information is then made available in annual corporate

social responsibility reports by the mining companies.

If sustainability is to be taken seriously, it is suggested in Chapter 4 that implementation of a series

of small transitions, such as are elaborated in my proposed sustainability collaboration model,

could go some way toward initiating greater sustainability in relation to the mining sector.  Such a

model is located outside the ambit of mining; either as a post-mining development or as a

development during life of mine to support an alternative economic activity in an effort to better

understand “…the intricate web of interactions between human and natural processes” (Ndubisi,

2002:239).



113

CHAPTER FOUR

In this chapter a sustainability orientated model is offered for the development of

a new industrial sector in South Africa.  The purpose of the chapter is to articulate

a model of how sustainability, theoretically conceived in terms of the seven

dimensions described in Chapter 3, can be given substance in the industrial

sector, beyond mining.  There is a situational analysis to provide the context for

the model and a rationale is given for the model.  There is a discussion about what

transitions are needed to move from the “ triple bottom line” orientation of the

existing system, to a system that is more sufficiency and sustainability orientated.

The scope of the chapter is to communicate the conceptual model and to furnish

preliminary adaptations for the implementation of the model.

4. A Sustainability Orientated Model – Beneficiation beyond Mining

4.1. Introduction

The projects in sustainability in mining within a trans-national corporation, outlined in the previous

chapter, when conceived as sustainable development projects, were short-lived.  Although they met

their targets in mining industry terms, they were limited to primarily technological success.  These

technological developments were measured as successful because they supported the corporation’s

economic sustainability.  But the projects could be viewed also from a complex adaptive systems

perspective.  That perspective enables an interpretation of the projects as sustainability experiments

in seven dimensions, with varying degrees of success in the attainment of sustainability goals.

The implementation of sustainability principles in the dimensions which are not traditionally the

concern of mining, is addressed currently in a limited and regulated way, for instance, in the way

stockpiling of mining waste residues is managed.  The stockpiling is monitored closely and

described as “materials stewardship” (discussed in Section 2.5.1).  The argument appears

fallacious when there is no mention of the fact that all seven dimensions of the biosphere are

inextricably linked; stewardship would need to go beyond stockpiling to include conservation of

the biosphere, among other things, on all its levels if sustainability was really the focus.  The steps

suggested are recycling, re-manufacturing and re-using as the practical outcome of the idea of

stewardship.  Stockpiling mining waste residues meets one of the moral obligations stewardship

lays on the mining industry, but it does not address other obligations (Tippett et al., 2007). Process

stewardship is accomplished (through primary beneficiation), but product stewardship (through

secondary beneficiation of mining waste residues) is not.
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The proposition developed in this chapter is that the potential for secondary beneficiation of

upstream15 mining waste residues as an element of product stewardship could be undertaken, but it

should best be done outside the ambit of the mining industry.  The consequence of this type of

stewardship could be the emergence of a local economy weaned of direct interaction with the

mining industry. A model for sustainable industrial development is proposed, informed by insights

from the preceding analysis of the limitations in the current implementation of sustainable

development. The model is a representation of the processes required to create a new industrial

sector, comprising a government, industry, and appropriate community joint venture, in which the

value of the enterprise is measured in multiple dimensions, including, but not driven by, economic

return to external shareholders. The metrics for valuing the output of the collaborative venture are

informed by a close reading of Gell-Mann’s suggestions about what transitions are necessary in the

seven dimensions to move towards sustainability.  The new industrial sector would operate within

the current systems because that is its starting point.  The ideological and economic paradigm for

companies in the new industrial sector, however, would be different from that of the prevailing

triple bottom line.  The conceptual structure of the model is illustrated with examples from the

sustainability experiments (Figure 3.5 above).  To give form to the conceptual model reference is

made to a potential application of a industrial operation within the sector of mining waste residue

beneficiation.

The procedure followed in this chapter, is to present a situational analysis in the seven dimensions

in which the emergent sustainability orientated model would arise.  A rationale for the model is

offered.  The model is a realisation of a methodology I conceived about the possible

implementation of sustainability – it is represented schematically.  Following the situational

analysis and rationale is a description of what transitions would be needed to move from the triple

bottom line of the existing system, and for a new emerging system to come into existence that is

more sufficiency and sustainability orientated.

Guidelines for directed and managed adaptations and transformations are suggested to facilitate the

emergence of the new industrial sector.  These are guidelines for the implementation of a

sustainability orientated model to move to sustainability beyond mining.  Importantly, such

implementation would need to be disjoined from mining.  It cannot be defined in a neoclassical or

reformist economic paradigm of business-as-usual.  The implementation of this sustainability

orientated model in seven dimensions requires several efforts to be initiated and in place to

facilitate the emergence of the new industrial sector.  In the ideological dimension – the will to

engage and to accept pluralism; in the institutional dimension – collaborative structures between

15 Upstream is understood as mining waste residue material originating from the extraction and process
stages of primary beneficiation.
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government and industry with the aim of improving social well-being in society; in the economic

dimension – adaptations to institutional sufficiency and sustainability.  This is important to enable

the measurement of non-monetary value in addition to monetary (financial) value.  A collaboration

based on a different paradigm would not replace existing systems, instead, it would contribute to

pluralism in the economic dimension.

4.2. Situational Analysis in Seven Dimensions

This section contains an introduction to how the complex adaptive systems theoretical base is

understood in relation to the seven dimensions of the biosphere.  There is a description of the

landscapes in which the sustainability orientated model would have to operate were it to be

implemented currently.  Those landscapes are divided for the sake of discussion into the seven

dimensions, although the biosphere is inextricably interconnected, so that the arbitrary

disassociation of the dimensions must be understood as artificial.

4.2.1 Resumé of complex adaptive systems ideas

Systems and subsystems in the biosphere are extremely complex.  Within the systems and

subsystems there are relationships of varying strengths and at different levels, the internal

structures of the components are tighter or looser, the relationships of different entities and

components are stronger, weaker, complicated by their history and so on (Manson, 2001).  It is

impossible to track every relationship, structure and history of the systems and subsystems of the

biosphere.  Even more difficult is tracking all emergent behaviour in the dimensions in their

systems and subsystems.  However, by providing a discussion of the history of changes and

adaptations and the key changing relationships between entities and components, it is possible to

sketch the context into which my model has to fit.

When Manson (2001:409) reviews the characteristics of an aggregated complex adaptive system

(such as the biosphere), he offers an example from the economic dimension to show some of the

matters to be considered when describing a complex adaptive system: “Economic entities form

sub-systems according to their relationships in space, competitive niches, and shared consumer

preferences”. The examples from the other dimensions can be multiplied and extended.  The

entities of each dimension are appropriate to their dimension; for example, economic entities have

consumer preferences, ideological entities have belief systems.  But it is possible to generalise

about the systems. The environment and the components of the systems and subsystems in every

dimension are in a significant relationship to one another but their boundaries are not clear cut. A

further matter to bear in mind is that because a complex system “…shapes, reacts[to] and

anticipates” (Mason, 2001:410) its environment, systems and sub-systems can accommodate

information from the environment and so are said to have learned and can remember – this ability



116

enables new behaviours to emerge.  Complex systems change and grow.  In the light of this brief

resume of aggregated complex adaptive systems, the key factors which are highlighted in the

situational analysis in each of the dimensions can be summarised as: (i) the key entities and

components (institutions, organisations and individuals) in the dimension; (ii) what their

relationships are and how they relate to one another; (iii) what the entities’ and components’

boundaries are like; (iv) entities’ and components’ ways of shaping, reacting to and anticipating

their environments; (v) what has been learned and remembered; (vi) what the new behaviours are

which have emerged over a period of time (history).  In such a complex description of the

dimensions it is not possible to discuss more than the most significant issues.

For sustainable development to serve sustainability principles in the current landscapes in mining,

for instance, a number of transitions would be necessary, as was shown from the sustainability

experiments in the previous chapter (see Figure 3.5).  These transitions can in some instances be

managed and directed, as I attempted to do when the experiments were research and development

projects.  But some transitions happen in response to a “black swan” event (such as the end of

funding).  Some transitions are emergent phenomena beyond our predictability horizon and often

on time scales which are not immediately evident to us.

The mining industry as an actor globally and nationally, in South Africa, executes its understanding

of sustainability goals which privilege the economic and technological dimensions at the expense

of most other dimensions. There are continuous transitions happening in the industry as it is

compelled to adjust its modus operandi in response to factors such as financial reporting

requirements and legislative changes.  To change the understanding of sustainability in mining to

incorporate the other dimensions can be achieved through directed transitions in all dimensions.

Manson (2001), reflecting on the use of complex adaptive systems theory by scholars outside of the

biological field, suggests that its chief value lies in the challenge it offers to conventional ideas of

stability and change.  Thinking about the projects as experiments in a complex adaptive system did

challenge other conventional ideas as well.  Some of these conventional ideas were about the

temporal component.  Conventional thinking assumes that the issuing of permits, for instance is

driven by the time constraints of the project.  However, permits can take as long as a decade to be

issued long after the funding for the project has terminated (as happened with Slag).  Emergent

behaviours are not predictable, contrary to what project managers tend to believe.  For instance, in

the minimised waste residues experiments (Figure 3.5C), one of the components (Gypsum) of the

system evolved separately from the planned outcome.  As a longer term consequence the

experiment Residue beneficiation (Figure 3.5D) ceased to evolve (due to complex internal

relationships within the trans-national corporation).
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4.2.2 Detailed situational analysis

This situational analysis is arranged from a complex adaptive systems perspective but embedded in

the current economic paradigm where the new industrial sector would be placed. The situation in

the systems and sub-systems of all the dimensions cannot be fully described. However, the

interconnectedness of the dimensions in these systems and sub-systems is taken for granted.  The

analysis emphasises those components and entities that will have the most impact initially in the

implementation of the model.  Also certain actors, entities and components in the various

dimensions are presently thought of as having the potential to be managed towards adaptive steps

to serve a larger conception of sustainability than they have previously done.

The economic dimension as it currently exists is where the new industrial sector will find its home.

The key entities and components in the economic dimension are government, private sector and

economically active individuals.  Whatever their individual goals might be as components and

entities in the dimension, from a global point of view government and the private sector subscribe

to the triple bottom line ideology of sustainability (see Section 2.5.2).  The dominant economic

paradigm from a business perspective is reformed neoclassical focussed on the triple bottom line

and globalisation (see Section 2.5.3).  This neoclassical economic paradigm is learnt, remembered

and anticipated.  In trans-national mining corporations, for instance, the neoclassical economic

paradigm is not confused with more than (financial) sustainability to maintain the business of

mining.  The same economic paradigm is used in South Africa’s market-driven economy to reflect

on the growth and development of the country.  Socio-economic wealth is predominantly

understood in financial terms as economic growth and is at the core of many growth and

development initiatives.  Developmental plans, for example, to reduce levels of global poverty have

not been as successful as anticipated – the gap has widened between rich and poor.  This is

illustrated by the record highs in global unemployment figures which are expected to persist (ILO,

2011).  For business, growth represents a bigger market, more consumers to attain or maintain the

consumptive lifestyle of the market economy.  This lifestyle will be accompanied with a

concomitant decrease in available resources (WBCSD, 2010).

The relationships between the actors in government and the private sector are much stronger,

particularly between the trans-national mining corporations and financial institutions, than those

with economically active individuals.  The relationship which is strongest in the economic

dimension is within the private sector itself between banks, stock exchanges and so on.  The goal of

an actor such as a trans-national corporation in the economic dimension is to be financially

sustainable and to provide a return on (financial) investment for the shareholders.  This contrasts

with the role of government mandated by the electorate to facilitate and provide opportunities.  An

illustration of the displeasure at this not being achieved has manifested as service delivery protests
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in South Africa, termed by Peter Alexander as a “ rebellion of the poor” , searching for “the

material benefits of full social inclusion” (Alexander, 2010).  These protests cross-cut other

components of course, including the social and demographic dimensions.  The protests have also

spread across different geographies including in the vicinity of mining activity.

The South African Government is providing a managed and directed transition through the legal

framework to facilitate a complex transformation from a prior state to a new, adapted economy that

is green, low carbon, resource efficient and socially inclusive, as noted in Section 2.6.1.  For this

adaptation to a Green Economy policy, fiscal and regulatory frameworks have to be established and

new behaviours learnt.  In this way, the focus on growth of the Green Economy serves to add to the

existing economy and does not replace the existing economy.

The relationships which the economic entities and components have with those in the institutional

dimension are tight.  There are existing frameworks which regulate for example the business sector,

the mining sector, the financial sector, as well as numerous instances of collaboration.  Actors in

the institutional dimension include global entities, national government – the Department of

Mineral Resources, the Department of Environmental Affairs, Department of Trade and Industry,

Economic Development Department; local authorities and municipalities.  In the mining industry

the actors are labour, including the trade unions; financial institutions including banks and

investment companies (as institutions).  How they relate ultimately to communities is looser than

the relationships with the regulatory authority. The regulatory frameworks provide a knowledge

base in which the actors in the institutional dimension can negotiate the details of collaboration, the

legal requirements and business elements.  Adapting, learning, changing and evolving new

behaviours is a feature of the institutional dimension. For example, responses of the mines to the

promulgation of the Mineral and Petroleum Resources Development Act, No. 28 of 2002 including

the Mining Charter were adaptive.  The Department of Mineral Resources monitors compliance by

the mining industry.  As a consequence of this Act, the trans-national mining corporations had to

exchange their existing mining rights for New Order Mining Rights that include compliance with

the Mining Charter.

In response, trans-national mining corporations have reacted and in turn shaped their environment

to ensure compliance with requirements. The actions of a system create an outflow into the

environment, whether in the form of pollution or not, from a mining perspective.  The mining

waste residues are currently stockpiled, managed and monitored.  This practice continues despite

significant efforts to identify alternate uses for these materials by the trans-national corporation.

However, new regulation has recently been enacted; this should facilitate reduce, reuse and recycle

activities. By accommodating information from the environment, the system and sub-systems learn

and remember and then new behaviours emerge. An illustration of this is the response of trans-
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national mining corporations to the Mining Charter.  Compliance with the charter and black

economic empowerment requirements has been integrated into the operations and is verifiable

through scorecards. A further example of mining as an adaptive system is RBPlat which was

created from the restructuring of the Bafokeng Rasimone Platinum Mine (BRPM) Joint Venture

between Royal Bafokeng Holdings and Anglo American Platinum Limited.  This resulted in the

ownership and control of the mining operations of the joint venture vesting in the Royal Bafokeng

Nation (RBN), through its subsidiary RBPlat (RBP, 2011).16 A different example, illustrative of an

adaptation in both the ideological and institutional dimension, is Debswana Diamond Company

(Pty) Ltd, a partnership between the Government of the Republic of Botswana and De Beers

Centenary AG (Debswana, 2011).17

Memory of progress, of decisions taken lies for example, in reports, in memoranda and in

memories of the individuals involved, not only in historical data.  Memory and learning when it

involves living individuals is most important in complex adaptive systems.  In the Slag project, the

actor role (industry and government) over more than a decade highlighted the importance of the

temporal component in obtaining necessary documentation.  Importantly, a complex system does

not emerge only from superposition but also from interactions with other components.  Emergent

phenomena cannot be anticipated.  For example, the extensive delays (ten years) in obtaining

regulatory documents needed to enable progress in the Slag project and to make operational the

Residue Beneficiation project four years later, could not have been foreseen at the start of the

project.

Cross-cutting through the economic and institutional dimensions of government, trans-national

corporations, the private sector, society, are the ideological system and subsystems which are

subscribed to.  The ideological system as a whole does not have a single goal.  As different

components of the systems have different individual goals, different obligations and powers, the

predominant ideology of neoliberal economics is expressed accordingly.  The actors remain related

to one another through their obligations, exchanges, ethics and principles. The actor role of a trans-

national corporation, for example, established to maximise financial returns for shareholders, is

different to government’s role, tasked as it is with providing opportunities for its people and

establishing the regulatory framework of the country in which the private sector including the

trans-national corporations operate.  A new industrial sector with the goal of providing work

16 The Royal Bafokeng Nation (RBN), which is a community of about 300 000 Setswana-speaking people has
substantial minerals-rich land holdings in South Africa’s North West province. Royal Bafokeng Platinum is a
mid-tier platinum group metals (PGMs) producer.  It is black-owned and controlled (RBP, 2011).

17 Debswana is a company in which the Botswana Government and the De Beers Consolidated Mines Ltd
each hold a 50% share. The De Beers Botswana Mining Company was formed in 1968 and ten years later
in 1978 De Beers Consolidated Mines Ltd and the Government of Botswana signed an agreement to
establish Jwaneng Mine (Debswana, 2011).
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opportunities for individuals could have a very different ideology and goal to that of the trans-

national or government.  In terms of the boundaries of the entities in the ideological dimension,

they could then be shown as fuzzy when it comes to internal aspects and system outflows of the

subsystem of the new industrial sector as it is embedded in the existing economic, institutional and

ideological dimensions.

Because ideology is such a powerful force in the economy and in institutions, a longer review of

South Africa’sideological landscape, which still bears the imprint of all its transitions over the past

century, is provided.  This takes the form of a rapid review of political South Africa which has

evolved out of its colonial past through a combination of adapted self-organised and self-organised

criticality transitions into the electoral democracy it is today.  Since the break with Britain (1910),

two forms of nationalism have emerged in South Africa, as elaborated by Mbeki (2011).

Nationalism is seen as a particular adaptation of society to its political environment.  Afrikaner

nationalism existed from 1910 to 1994, and African nationalism has been developing from 1912 to

date.  The ascendency of African nationalism was ensured by the transition to a democratic state in

1994.  The Afrikaner nationalist agenda involved the management of cheap labour, development of

transport and communications, development of education and health systems, investment and

development of state owned enterprises such as fertiliser, iron and steel, telecommunications, and

armaments.  Now transitions in the ideological dimension are directed to attitudes that favour unity

in diversity, encourage co-operation and non-violent competition among different cultures.  The

ideology of the African National Congress (ANC) democracy favours economics as a priority, and

expressly works towards redistribution of wealth, redistribution of political power to the African

and towards increased private consumption.  This has supported the neoclassical economic

paradigm and driven the de-industrialisation of the country with a focus on sourcing cheap

products.  Consequently, South Africa’s consumption as a percentage of Gross Domestic Product,

GDP, has increased to 72% in contrast to 55% in India, 50% in Russia and 35% in China (Mbeki,

2011).  The increased consumption in South Africa has been accompanied by increased

unemployment and increased spend on social welfare by the fiscus (Mbeki, 2011).

In this ideological landscape one of the most prominent transitions or changes and evolution has

been the political framework in which the trans-national mining corporations operate in South

Africa.  But the results do not only exhibit themselves as “ …increased unemployment and

increased spend on social welfare” (Mbeki, 2011) in the social dimension.  There are a multitude

of other interconnected consequences spilling into further dimensions as outflows into the

environment.

Although Gell-Mann includes political, military and diplomatic matters in the social dimension, I

consider these matters as ideological, and the population subsets as part of the demographic
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dimension.  In the social dimension the actors are individuals, families, tribes, colleagues,

communities, trans-national corporations and so on, and are related through tighter and looser

relationships. These are complicated by the internal structure of the relationships. The

relationships between the trans-national mining corporations and surrounding communities are

often contentious, especially because they do not have a common goal.  Communities in the

vicinity of mining districts have high expectations of the sector in view of their being adjacent to

the mines.  On the other hand, trans-national corporations consider their activities under corporate

social responsibility as sufficient to discharge their obligations in terms of sustainable development

in line with Global Reporting Initiatives (see Section 2.2.4).  The lack of persistence of corporate

social responsibility projects in these neighbouring communities once the mines have handed over

initiatives is an important factor when thinking of adaptations in this social dimension.  To exist,

the relationship between the system and its environment is important, albeit the boundaries between

the components (individuals, colleagues, communities) are blurred.

Theoretically from a sustainability perspective, self organisation, dissipative forces and self-

organised criticality should drive transitions towards equitable access and use of resources,

lessening extreme poverty.  In particular, self-organised criticality may lead internal structures to

the brink of collapse particularly where the rate of internal restructuring is almost too rapid but

absolutely necessary for survival.  This is exemplified by the extensive restructuring of some of the

trans-national corporations as a consequence of the global financial crisis in 2008 (Global

Economic Prospects, 2009). By learning and memory, a system is able to shape, react, anticipate

and remember and so adapt to novel situations.  Although directed and managed transitions exist as

exemplified through the roll-out of medical interventions such as AIDS awareness programmes,

emergent transitions are often unpredictable, evidenced by such unexpected outbursts as service

delivery protests.

There are two senses of “society”  and “demographic” in this study.  Firstly, there is the general

population with its needs.  However, this subset of the population is not the responsibility of the

mining sector, instead, only those populations located adjacent to operations can be considered – to

some extent – the responsibility of the mining sector.  Secondly, the institutions of society –

represented by business, education, health and civic organisations (including universities, research

centres) are part of the demographic dimension.  Peri-urban and industrial zones near mining

activities are increasingly characterised by fewer opportunities.  Closely allied to the social

dimension is the demographic. The demographic dimension as it exists as a complex adaptive

system at present includes the actors who constitute trans-national corporations, private sector and

communities.  These actors, related to one another through their obligations, exchanges, ethics and

principles, do not have a common goal although each of the actors has goals.  The actor in a
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community can be described as entities and components consisting of individuals directly

dependent, indirectly dependent on mining and those hoping to become economically viable

through direct and indirect dependence on mining. In terms of the boundaries of the entities in the

demographic dimension, they are fuzzy in internal aspects and system outflows.

The informational dimension which might be described as the lifeblood of all the dimensions

currently in South Africa is vexed by levels of illiteracy and innumeracy which are extremely high,

for example, in the adult population over the age of fifteen, illiteracy rates currently stand at around

18% (SAinfo, 2011). However, initiatives related to public understanding of science using existing

community systems are available. An illustration of the situation – existing liaison systems in the

mines are used to assist in the dissemination of information.  Sustainability and its ramifications are

not well understood and although there is an attempt to bring it to the notice of everyone, a look at

the recycling efforts of ordinary households shows that the information is not being received by

those who might put sustainability into action at a personal level.

Although the situational analysis is from the perspective of components and entities that will have

the most impact initially in the implementation of the model, this is not the case with the

technological dimension. The complex adaptive system that is the technological dimension in

South Africa is well evolved in industry, including especially the mines.

4.2.3 Rationale for a new way to implement sustainability

After the discussion of the situation in which the new industrial sector would have to function, a

brief description of the rationale for a new way to implement sustainability through the

establishment of a new industrial sector beyond mining is presented.  The situational analysis has

highlighted the key actors in the dimensions.  If the dimensions have to accommodate a new

industrial sector it would mean conceptualising a way for the adaptations between current entities

in the dimensions and entities and components in the new industrial sector to interact.  After the

analysis of the situation, some reasons are offered which suggest it is a good time to propose a new

industrial sector.

Local economies in the vicinity of mining districts are driven through mining, a primary

beneficiation activity. There is a need to reduce the dependency of a community on mining as

discussed in detail in Section 2.1.2. As outlined, the sustainability of the community requires an

intervention in three areas: first, post-mine closure; second, when there are staff retrenchments;

and, third, in relation to the inward migration of people seeking employment.  For sustainability

beyond mining the mining sector is obliged, through regulation, to submit social and labour plans

that outline alternate opportunities for affected communities.  Such compliance reduces both risk

and liabilities to the mining sector and the regulator.  However, the social and labour plans and
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corporate social responsibility projects undertaken often do not persist beyond the mine’s direct

intervention.

There are a finite number of employment opportunities at a mining operation.  This becomes a

source of social discontent in view of the inward migration of people seeking opportunities for

employment. Such migrants most often have low levels of education. The availability of an

alternate source of economic activity would provide different opportunities for employment (other

than mining).  The activities that are related to the emergence of a new industrial sector are varied.

Such a wide range of activities would help to reduce the levels of poverty by providing

opportunities for employment resulting in improved levels of sufficiency and sustainability.

As a developmental state South Africa needs to address the role of social expenditure, systemic

unemployment and affirmative action (see Section 4.4).  There is a need for more employment in

South Africa and a reduction in poverty levels.  At the same time sustainability in terms of

conserving the biosphere is an urgent consideration.  Implementing sustainability through research

and development projects for sustainable development makes little sense as the only way of

addressing the problems.  A way of adding an impetus to sustainable development and so to

sustainability goals is to use mining waste residues outside the mining industry, by establishing a

new industrial sector.  This sector would specifically address development goals – shelter,

employment, sustainability.

Society is rethinking economic models and increasingly there is political will to act and work

differently towards social equity. Valuing non-monetary components would enable a wider range

of employment initiatives to be set up to address sufficiency and sustainability. The South African

government has indicated that it is ready to do so and has called on the private sector and organised

labour to join in this venture as reflected in presentations from the Minister in the Presidency

(2009) and the Economic Development Department (EDD, 2010 & 2011).  This has led to the

preparation of strategy documents – for instance, an economic transformation strategy, a national

beneficiation strategy, the mining charter, a national research strategy, hydrogen economy

innovation, advanced manufacturing for South Africa to name a few, to develop growth

opportunities (dti, n.d.; DMR, 2011a; DMR, 2011c; DST, 2002; DST, 2007; DST, 2011).

Beneficiation (see Section 2.5), specifically secondary beneficiation, has been identified by

Government as one area in which the mining sector could collaborate to address questions of

poverty and unemployment (DMR, 2011a).

The need for new thinking in economics has been referred to frequently by members of the

government in South Africa as reported on in various popular news articles.  In an interview with

Mr Blade Nzimande, the Minister of Higher Education and Training, Wits Business School Journal



124

quoted him as saying “We have a crisis of ideology, there aren’t any perspectives being advanced

on how to overcome the developmental challenges we face, beyond the perspectives of narrow

business technocrats” (Grange, 2009:37).  In comments in the State of the Nation Address debate

in the National Assembly in February 2011, Minister of Economic Development Ebrahim Patel

stated that “The State will clearly play an important role in the New Growth Path but we can only

achieve the five million new jobs if we unlock the employment-creating capacity in the private

sector” (EDD, 2011).  Clearly the State envisages a role for itself and, importantly, sees a role in

rebuilding the productive sectors of the economy “…to support a new growth path and to connect

policy, resources, institutions and partnerships into a coherent package”(EDD, 2011).

Multilateral organisations are supportive of a re-focus of socio-economic-environmental models

and sustainability particularly as Millennium Development Goals are not being reached.  This has

resulted in calls for the simplification of regulations, both nationally and globally including a more

equitable access to markets and improved utilisation of natural resources.  However, there can be

no transition of any economy without the private sector although these have invested in specific

industries and hence are unlikely to innovate, accelerate and introduce new technologies.  This

enables new actors to enter the scene.  It is on them that changes in the economy, employment

opportunities and business-unusual will depend.  The World Bank maintains that it is committed to

mainstreaming the environment into growth initiatives.  An example of this is the World Bank

driving a low carbon economy focus in developing countries by requiring that 50% of any lending

has a clean energy focus.  Robert Zoellick, president of the World Bank, has also called for the

reform of how economists approach development “…with an improved understanding of how

economic transformations occur…”, its implementation and structure in a recently published article

(Reuters, 2010:1).

The starting point for the new industrial sector is within the existing system but occurs outside

mining. The socio-economic climate of any country is complex and this is particularly true of

South Africa with its history of colonisation and subsequently apartheid.  Although the need for

socio-economic redress is regulated, South Africa operates on an international stage in which

globalisation is dominant. This is reflected in the existence of the trans-national corporations,

multi-national organisations and multi-lateral organisations active in the country.  Transitions in

response to these multi-level drivers, national and international, result in varying degrees of

participation in industry by government (Figure 4.1).  Typically, industry prefers to participate in a

free market economy environment where there is little government participation.  In South Africa,

the government is increasing its influence on industry through the regulatory process especially in

the mining sector.  An example of this is the establishment of the state owned mining company,

known as the African Exploration Mining and Finance Corporation with an initial focus on
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ensuring the state-owned electricity utility, ESKOM, has enough coal (DOE, 2011).  The

willingness of government to participate in the mining industry reflects a transition to active

involvement in the development of industrialisation opportunities South Africa.  This represents an

opportunity for the mining industry, especially the trans-national corporations, to explore new areas

of collaboration with government on sustainability beyond mining to contribute to seeding a new

industrial sector. A new industrial sector would improve the access to opportunities and introduce

“democracy”, i.e.choice, in that way empowering political economic persons and encouraging an

alternative option to and pluralism of economic systems.

Figure 4.1 Transitions in seven dimensions impacting on industry, particularly mining, in
South Africa.

In terms of a rationale for a new way to implement sustainability through the establishment of a

new industrial sector, the fact the drivers of industry are moving from a market economy with a

low degree of participation towards a higher degree of government involvement is significant.  This

suggests that it is an ideal time to present an alternative collaboration model to government

provided that the transitions needed could be managed and directed in seven dimensions.
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4.2.4 Contributions to the new model derived from the sustainability experiments

The sustainability experiments in Chapter 3 are described using aggregated complex adaptive

systems theory.  The use of complex adaptive systems theory to concretise the interconnectedness

of the dimensions of the biosphere is a perspective which helped me to see which adaptations

towards sustainability in the sustainability experiments could be managed and directed.  The

sustainability experiments showed that the technological and economic dimensions were dominant,

while the ideological, institutional, social, demographic and informational dimensions were largely

ignored.  These findings provide the basis for the model’s architecture.  The architecture is

specifically based on a systemic multi-dimensional approach.

The use of aggregated complex adaptive systems theory has provided a tool for the

conceptualisation of sustainability beyond mining because in implementing what transformations in

systems are necessary for secondary beneficiation of mining waste residues in a new industrial

sector, a long term view is needed.  When the nature and scope of the different dimensions of the

biosphere with its living and non-living interacting entities is measured by a single yardstick, either

an economic one, or a project time-limit measure, an opportunity is lost for innovative ways to

achieve sustainability.  The temporal aspect of the experiments showed that in the complex

adaptive system of industry many changes towards sustainability can take infinitely longer than

anticipated or planned for.  This is an important element in designing a new model – time factors

cannot be handled simplistically (too optimistically).  Change and stasis can be viewed as integral

to the nature of a dynamic system within and across the systems and subsystems of the dimensions.

The multiplicity of relationships and levels at which complex adaptive systems operate compels a

different understanding of what is needed to drive entities in different dimensions towards

collaboration for the sake of sustainability.

Reflecting on the sustainable development projects which were the basis of the sustainability

projects in comparison with the experiments, emphasises several facts.  Technologically based

sustainability projects are generally located within the industry – government – community space

as illustrated in Figure 4.2.  These projects are managed as (in)dependent, generally site-specific

stand-alone activities.  But, these activities are likely to fail as such projects are not conceived as

existing in the biosphere.  The disconnection between the environment which contains and is

compelled to support the man-made constructs of the economy and society informs the

understanding of what is the role of industry, government and communities.  The idea of

collaboration between these entities is flawed at its inception.  For a generative collaboration each

element or individual of the whole system would need to be accountable and responsible. The lack

of interdependence isolates the entities in the complex adaptive system and subsystems of industry,

government and communities and does not serve a larger sustainability goal (Figure 4.2).  For
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instance in regard to what might serve a sustainability goal in the community adjacent to a mine –

the trans-national corporation’sstrategy might call for the building of schools, which although

valuable in themselves, has not taken the integrated development plans for the area into account.

Figure 4.2 Illustration of isolated networked elements of complex systems in the larger
complex adaptive system: industry – government – community.

The sustainability experiments showed that for sustainability to become the focus of an agenda

which includes support for communities neighbouring mines, the efforts cannot be undertaken only

in mining through corporate social responsibility and sustainable development projects.  This is

because the nature of mining is geared to targeting financial sustainability and not to achieving

developmental goals.  Sustainability can be served by moving beyond mining to set up a new

collaborative model which enables sustainability to inform its goals.

The model as proposed does not discharge the trans-national corporations in the mining sector or

other mining companies, from meeting their regulatory obligations for sustainability within mining

lease boundaries.  The model as presented enables a series of adaptations within and across the

dimensions from one system to another, different system.  Such a system is by definition, focussed

on sufficiency and sustainability to achieve improved levels of social well-being.

The main conclusions from the sustainability experiments used to inform the new collaborative

model can be summarised as follows:

(i) There is need to make room for transitions and adaptations in different dimensions in an

interconnected biosphere.
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a. Some transitions can be directed;

b. Many transitions evolve unpredictably;

(ii) The metrics for each dimension should be appropriate for the nature of the dimension;

monetary and non-monetary value must be apportioned;

(iii) The economic dimension is where the model would be placed – hence its industrial focus;

(iv) The industrial sector would exist beyond mining, but focus on establishing a new sector

in secondary beneficiation of mining waste residues;

(v) Timeframes cannot be simplistic or arbitrary – they should be appropriate to the

dimension;

(vi) Industry, government and society (the communities) need to be accountable and

responsible, understanding that their actions are cross-cutting through all dimensions.

(vii) Internal structures of a new model organisation would need to be established in such a

way as to facilitate the emergence and evolution of different relationships between actors.

4.3. The Proposed Sustainability Orientated Model for Sustainability beyond Mining

In the sections that follow, the aim is to present the model of a new sustainable industrial sector

(Figure 4.3, and later Figure 4.6).  The purpose of this proposed model is to provide a toolbox that

industry could use to extend the definition of sustainability through a series of directed adaptations

in multiple dimensions to a sustainability orientated ideal which is different from the one currently

in use. The procedure is to adduce a refined notion of sustainability which allows for orderly

transitions through several managed and directed adaptations to meet government’s own

developmental objectives cost-effectively and acceptably. The scope of the section includes

numerous discussions about the model and the industrial sector. The model has three key

assumptions: (i) The new industrial sector would result in a more equitable dissemination of socio-

economic wealth ensuring greater sufficiency for communities adjacent to mines; (ii) The new

industrial sector would be created outside the ambit of mining; and (iii) Post closure obligations for

mines would be met. The assumptions of the model are discussed in more detail in this section.

The components of the model as well as the collaborative structures are explained.  The directed

and managed transitions “to a more sustainable world” (Gell-Mann, 1994) and “towards pluralism

in economics” (Söderbaum, 2008a) are discussed.  In respect of the new industrial sector which the

model could facilitate to emerge, a set of preliminary guidelines is provided.

The proposed model is presented in Figure 4.3.  At the heart of the model is a tri-lateral network

and hybrid organisation.  This is the tool for the development of a new industrial sector with a

sustainability goal which is focussed beyond economic sustainability.
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Figure 4.3 Illustration of proposed model of networked elements of complex systems in
the larger complex adaptive system: industry – government – society.

The proposed model of networked elements in the larger complex adaptive system of the biosphere

would enable sustainability.  Industry and government would be partners and negotiate with the

hegemonic structures in the communities adjacent to the mines (Figure 4.3). Then a collaborative

public private venture between industry and government, established and operating at a national

level, would create a new industrial sector to meet developmental goals for the benefit of society.

A common understanding of sustainability between Government and the large-scale private sector

is important for this model to work.  Transitional steps along a continuum to greater sustainability

are suggested to address social and economic dimensions in terms of monetary as well as non-

monetary measures.

4.3.1 Assumptions

The model assumes that seven dimensions of the biosphere – ideological, institutional, economic,

social, demographic, informational and technological – are sufficiently representative of the

complex adaptive system in which industry operates.  Adaptations and transitions in these

dimensions can be managed and directed to a greater sustainability that includes environmental and

ecological aspects.



130

Spontaneous order or self-organisation is the spontaneous emergence of order out of chaos.

Spontaneous ordering as mutable networks are distinct from organisations; they are created,

controlled, and controllable by no-one.  On the other hand, organisations are created for a purpose

and coordinated by the commands of the organiser.  The evolution of language, the biosphere itself

are examples of complex systems from which such spontaneous order has emerged.  Organisations

include constructs such as the business firm (Hayek 1973:36 cited in Walsh, 2009:54-55).  Walsh

(2009:54-75) argues the Mengerian theory of the origin of the modern business firm and notes the

distinct border between spontaneous orders and organisations as it applies to the business firm, is

blurred and that within the state, its regulatory system influences the nature of the firm being

established.  The role of the state in the origin of the firm should be small because firms are not an

invention of the state.  The state can have a role in its relationship with the firm after it has already

emerged as an economic institution.

The increased societal expectations from the private sector about sustainability beyond mining

suggests the mining industry will have to re-assess the effectiveness of its role in sustainable

development.  This includes the re-evaluation of the very definition of sustainable development and

its implementation in the mining sector.  The triple bottom line definition of sustainability favoured

by industry and encompassing environment, social and economic dimensions, is classified under

the banner of social and ecological modernisation of neoclassical economics (Söderbaum, 2008a).

The focus remains therefore on economic growth and not on social well-being.  To meet the

requirement of sustainability, which includes environmental and social well-being, the evolution

toward planetary consciousness would have to accommodate diversity and pluralism. In the first

place it would require a re-examination of the definition of sustainability and hence, sustainable

development.  To implement sustainability, such a definition would need to consider the complete

system, the whole environment which is composed of actors – entities and components of a

complex adaptive system.

My assumption is that there is a need for a new construct of the business firm, to align both

monetary and non-monetary benefits.  There is a need for a hybrid system in which industry and

government come together to form a new type of public private partnership and the goals of which

are not only market-economy driven. In terms of the economic paradigm, both monetary and non-

monetary value is measured with non-monetary impacts non-reducible to money (Söderbaum,

2008b).

The new model assumes that negative disruptions in the seven dimensions can be avoided while

optimising the benefits of change.  It is assumed that using the model would facilitate an orderly

change through a series of complex interrelated steps. Growth in such circumstances would not be

at the expense of social well-being and its sustainability.
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It is assumed in the model, as a complex adaptive system, that it is well adapted to the surrounding

environment because there is no prescriptive formulation on who and what institutions are included

and excluded.  This allows for the emergence of new and adjusted schemata.  Such schemata, or

subsystems can grow or cease to grow depending on the nature of the interconnectedness in the

dimensions.  The model takes into account seven dimensions as all dimensions are significant in

the biosphere.  There is a need to consider all seven in the initial conceptualisation stage of any

collaborative activity.

It is assumed that the transitions and adaptations to greater sustainability are measured for success

differently in each dimension.  For example, in the social dimension factors that contribute to the

well-being of society include education, health, employment, the control of own finances and legal

control of self.  Hence, an effective metric would be the availability and access to opportunities for

employment, education, healthcare, legal advice.  A measure of success in the ideological

dimension would be the introduction of an alternate ideology through pluralism; to have a

pluralism of systems not a ‘monolithic’ neoliberal system.  Success in the institutional dimension

would be exemplified through the establishment (acknowledgement) of political economic

organisation that assesses sustainability from a wider perspective than the triple bottom line.  The

metric of success in the demographic dimension would be whether populations have redress for

some of their old problems – urban / rural split (where the urban population are wealthy and the

rural, poor) and apartheid inequalities.  In the informational dimension success would be reflected

through access to information about improved health issues; health and safety compliance levels

improved.  In the technological dimension measures which showed support for diversity, not only

triple bottom line goals would mean success.

The assumptions of the model can be summarised:

(i) There is a meta-level agreement between the relevant parties about the economic

paradigm to be followed.  This requires low profit margins (to external shareholders) and

that non-monetary values be honoured;

(ii) That Government is serious about its Green Economy initiative;

(iii) That the Green Economy is flexible enough to define sustainability in dimensions other

than the economic alone;

(iv) That the mining industry agrees to enter into an agreement about the use of mining waste

residues as feedstock;

(v) That all seven dimensions be considered;

(vi) Collaboration goals are the shared for all the actors;

(vii) Transitions lead to some predictable outcomes; and

(viii) Timeframes agreed on as appropriate to the dimension.
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4.3.2 Components of the model

The model proposed consists of active components; interactions between actors, entities and

components within the dimensions enabling the implementation of a persisting but mutable

network-like structure.  This structure is adaptable to the character of its environment.  It is highly

sensitive to that environment.  It is important to note that the model, based on the idea of complex

adaptive systems, is not exclusively reductionist, being a model, but is understood to be multi-

dimensional, able to encompass emergent phenomena and adaptive reactions at systems level.

However, it is not so general that no consideration can be given to lower level interactions which

drive the system.  For example, one low level business driver of the complex adaptive system of

coal mining, is spontaneous combustion.  Mitigation and management of spontaneous combustion,

a component of the technological dimension, is a low level system driver in the business system of

coal extraction at one individual mine.  This individual mine and others like it form the next level

of system drivers in the complex adaptive system of coal mining.

In the Figure 4.4 the transition stages are conceived as different points along a trajectory toward

greater sustainability.  Some, such as the economic transition in terms of primary beneficiation and

the technological transition, are relatively close to the sustainability core while other transitional

steps, such as ideological and social, are less developed.

Figure 4.4 Schematic representation of sustainable development projects in mining at
start; sustainability experiments at termination showing degree of sustainability achieved.

(Modified after Geels, 2004:38 – refer to Figure 2.4 for interpretation of the schematic).
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Adaptations and transitions within the dimensions of the system in the proposed model are also

cross-cutting.  While the adaptations and transitions within and across the dimensions are directed

and managed, the emergent system is differently characterised.  This emergent system operates in

parallel with existing systems, in a landscape of different regimes and niches.  The temporal

component is variable too, both within and across the dimensions in the landscapes. In such a new

system the ideological, institutional and economic dimensions are adapted to operate in an

environment where the understanding of sustainability is broader.  The shift to accommodate more

than neoliberal ideals allows for choice and more democracy.  For secondary beneficiation of

upstream mining waste residues, a new emergent organisational framework would best operate

beyond mining.  This because the core focus of such an organisation is fundamentally different

from those activities currently undertaken.  An adaptation of the existing systems toward pluralism

in economics through a variety of transitions could facilitate new entrants into the market space

leading to sufficiency and social well-being.  Adaptations and transitions in the social,

demographic and informational dimensions would lead to greater levels of social well being and

sufficiency.  In particular, secondary beneficiation of upstream mining waste residues considers the

sustainability of populations living in the vicinity of mining operations by offering an alternative

beyond mining.  The technological dimension, used effectively by the mining industry to address

primary beneficiation, can be extended to address secondary beneficiation, specifically of upstream

mining waste residues.  This enables the establishment of alternate industries in the vicinity of the

mining operations.

4.3.2.1 Collaborative structures

The aim of the model is to initiate a new collaborative system between the mining sector and

government ultimately to benefit society through the emergence of a new industrial sector.  The

reference to society is to politically economic persons located adjacent to mining districts; these

populations would benefit through improved levels of sufficiency and social well-being were

alternatives to the mining industry available.  Such collaboration takes the complexity of the socio-

economic fabric into account in multiple dimensions and over varying timeframes.  It necessitates

in the first place, a broader definition of collaboration to include both private and public sector

interests of profit in terms of monetary and non-monetary returns. Importantly greater weight

would be given to social well-being. In the second place, it requires regulatory support, the

availability of a natural resource and an appetite for risk to do things differently.  Thirdly, many

directed and managed transitions are required to initiate the emergence of a new industrial sector.

There is consideration of the surrounding environment because there is no prescriptive formulation

about who and what institutions are included or excluded (Mulligan, 2010:82).  Although not all

seven dimensions evolve equally – some activities developing over different time spans, others

evolving rapidly and so on – all seven in the initial conceptualisation stage should be considered as
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representing the biosphere in which the model would be executed.  For example, if in an

ideological dimension, government and industry agreed to collaborate, the technological details

which would emerge, on different, appropriate levels, would not necessarily be dependent on

ideology but the ideological dimension would be where the evolution would begin – that is in a

changed mindset.

Developmental strategies are normally the responsibility of government and business strategies are

typically the function of the private sector.  My conceptual representation allows for a collaborative

partnership of private and public sector to address societal interests.  Such a partnership can

facilitate growth transition to social well-being through this new enterprise.  But, the enterprise

would ideally be structured in a developmental agenda.  The envisaged collaborative public private

partnership is predicated on the use of a triple helix model, adapted from the research sector and

customised to local conditions.  Research institutions, the private sector and the public sector,

increasingly collaborate on research and innovation projects.  Etzkowitz and Leydesdorff (2000)

have developed the theoretical system that describes the concept of the triple helix model (see

Section 2.3.1) that allows for “ …multiple reciprocal relationships among institutional settings

(public, private and academic) at different stages in the capitalization of knowledge”.  Such

collaboration allows for the emergence of a networked, adaptive system represented by three

factors, the actors, the institutions and the regulations.  In this way, a complex adaptive system of

social order emerges through the interactions and interconnections among the instrumental

institutions (Mulligan, 2010).

4.4. Preliminary Adaptations Required in Systems, specifically Ideological, Institutional

and Economic.

In this section there is a brief overview of the relationship between industry and society so as to

contextualise the adaptations envisaged as necessary when the sustainability orientated model is put

into practice.  The situational analysis provided a broader view, but the relationship between

society and industry has a particular history which is presented briefly to support the discussion of

some of the adaptations suggested.  Because the society which will benefit by the model’s

implementation most are those people geographically close to the mine, it is that society to which I

refer specifically.

Over time, from the late 19th Century till the present, societal expectations of the private sector

have grown.  As early as 1898 Crookes, President of the British Academy of Sciences, called on

science and technology to address the crisis of food sources dwindling in the world.  By the time of

the First World War (1914-1918) business, and science and technology had become deeply

enmeshed (Hager, 2008:4).  There have been new considerations for business to contend with since

the 1900s (Figure 4.5).
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Figure 4.5 Increasing societal expectations (Modified after Hitchcock & Willard, 2006:12).

Business though, including trans-national corporations in the private sector, has been set up as

entities to make a return on investment for their shareholders.  The focus of activity within the

private sector remains at the core, the profit-making components of business.  The organisational

structure supports the corporation in meeting this aim and if for example, the core business is to

extract a product through mining, then environmental protection and sustainable development

activities are effectively non-core to the business.

In this section, the adaptations required in the systems of the ideological, institutional and

economic are arranged in the following way.  The model is redrawn to show which are the key

entities to be targeted for directed adaptations in this example.  The primary components of the

model whose boundaries are clear (solid line in the illustration) are briefly discussed (Figure 4.6).

It is not possible to discuss the outflows and inflows of energies at the fuzzy boundaries of the

complex adaptive systems suggested in the model.

In this sustainability orientated model, the complex adaptive system that is the mining industry, the

state and society forms the basis of a new collaboration, illustrated in Figure 4.6.  The

collaboration, between the mining industry and the state, is based on a mandate from society in

return for the state ensuring social well-being.  Society in this instance refers specifically to the

communities in the vicinity of the industrial mining complexes for whom the exercise of being

politically economic persons is currently totally dependent on extractive mining.  The model is

drawn as a series of complex sub-systems within the multi-dimensional landscape that is South

Africa, itself a complex adaptive system.  The collaboration between the mines, the state and

industry is used to describe the complex system from which a new industrial sector in secondary

beneficiation of upstream mining waste residues can be established at a national level. Society, in

return for its mandate, anticipates benefiting in terms of social well-being and sufficiency.
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Government on the other hand, facilitates access to funding and establishes the regulatory

framework to benefit society through addressing developmental targets.  The mining industry

benefits largely through having its responsibility for sustainability beyond mining obligations

handled by a third party, in return for funding, and a reduction of its financial and environmental

liabilities.

Figure 4.6 Proposed sustainability orientated collaborative model between the mining
sector and the state to facilitate the emergence of an industrial sector in secondary
beneficiation of upstream mining waste residues, ultimately to the benefit of society.

4.4.1 Directed and managed steps required

In this section, the directed and managed steps required to instantiate an industrial sector are

discussed and a set of starting guidelines provided.  The procedure is through directed steps and

adaptations.  The scope of these adaptations is limited geographically to what will impact areas

adjacent to mining districts in all seven dimensions through using mining waste residues to produce

useful products.  The experiments in Chapter 3 revealed that in the seven different dimensions

some transitions can be directed and managed.  Using complex adaptive systems theory goes some

way to avoiding the ludic fallacy of applying an overly simplified model to a complex situation

which pertains in the economic and other dimensions in relation to the mines (Taleb, 2007).

There are two levels of action required to initiate the new industrial sector, the first is to obtain

buy-in and secondly, there is the actual implementation.  The directed adaptations are at many
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levels but only the initiating adaptations on the two levels are discussed in a general way.  A

detailed presentation of the innumerable adaptations needed is beyond the scope of this chapter.

The nature of the interconnectedness of all the dimensions is assumed as is the fact that some

directed adaptations have a dissipative effect.  The consequence of the dissipation of one set of

relationships can enable a self-organising entity of another kind to emerge.

4.4.1.1 State – Industry - Society

The first adaptation assumed would be at a meta-level.  A meta-level collaboration agreement and

joint venture would need to be established between the mining industry and government. The

entities involved would be government, trans-national corporations, Chamber of Mines, labour

unions and hegemonic structures in the community.  Legislation to ensure that the model is

implemented on a national scale and not in small uncoordinated efforts to serve a sustainability

agenda is one of the reasons for drawing in government.

The outcome of social well-being, sufficiency and sustainability is anticipated by the proposed

model.  In the model “politics is no longer outside economics”with both activities part of a

complex system that is democratic and allows the emergence of choices (Söderbaum, 2009:77).  A

plurality of approaches to economic paradigms is best sustained in a democratic society.  In this

case, politics and economics are two sides of the same coin and the neoclassical economic

paradigm is not the predominant one.  Rather, a plurality of mindsets has been impetus for the

development of the model. The approach to sustainability is informed by how Giddings et al.

(2002:192) have qualified society, economics and the environment, namely, as “multi -layered and

multi-faceted”. In the business-as-usual model (as well as its adjusted version, the reformist

position) of sustainability, oversimplification and extreme abstraction obscure the

interconnectedness and the logical levels of society, economics and the environment.  An informed

view such as pluralism as a guiding principle in the adaptations directed amongst all the key actors.

The buy-in from state or government entities is key, specifically the Department of Mineral

Resources and the Department of Environmental Affairs in the beginning. The potential for an

industrial sector in secondary beneficiation of minerals is well understood and reflected in the

beneficiation strategy for the minerals industry of South Africa (DMR, 2011a & 2011b:5).  This

strategy defines secondary beneficiation as the transformation of a mineral (or a combination of

minerals) to a product of higher value.  This is further sustained by Government’s support of a

planned transition to an adapted economy that is green, low carbon, resource efficient and socially

inclusive, as noted in Section 2.6.1. The regulatory vehicle which government is currently

providing to address the difficulties outlined by Netshitenzhe (2010 & 2011) includes the Green

Economy.  The Green Economy is seen by governments, including the South African Government,

as a potential engine of development and industrialisation (DEA, 2010; EDD, 2010 & 2011;
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UNEP, 2011a, 2011b & 2011c; World Bank, 2000).  It is understood to be a sustainable

development path based on addressing the interdependence between economic growth, social

protection and the protection of the natural ecosystem and refers to two inter-linked developmental

outcomes for the South African economy.  The first of these outcomes is the growth of economic

activity in the green industry sector, and the second, a shift in the economy towards cleaner

production sectors.  These outcomes are also linked to areas of rural development, service delivery

and security.

At the intersection of state and industry in the model (Figure 4.3), understanding the role of trans-

national corporations in mining is important.  These corporations are not simply businesses

involved in primary beneficiation of natural resources in view of their size and influence.

However, ownership is faceless and outside national boundaries with a profit-maximising intention.

The change in society’s expectations of industry, especially the trans-national corporations, has led

to a response in terms of Corporate Social Responsibility reporting.  Trans-national corporations,

though, continue to shed jobs and close operations often in one area while opening new operations

in other countries.  There the financial benefits appear to be more favourable allowing business to

focus on maximising economic profit.

The Chamber of Mines, as the industry body, is an important actor particularly as part of its role

would include communication and dissemination of information within the industry.  Because all

the actors in the industry-state-society collaborative model are embedded in the same neoclassical

economic paradigm, the metrics used are appropriate to it.  But each of the actors has a different

goal. The collaboration proposed would follow a business model that supports a sustainability

orientated paradigm and not the traditional neoclassical economic one.  Transition steps in the

economic dimension are crucial to move toward economic pluralism, that considers aspects of

institutional as well as neoclassical economics, to better address sustainability.

At an ideological system and subsystems level the variety of approaches is coloured by political

considerations too.  These politico-economic goals are expressed according to the form and

function of the differing entities of the systems.  The adaptations in the ideological dimension

which would be needed would be addressed through agreement that the apportionment of metrics

for non-monetary value would be in addition to monetary value.

The relationships between the economic entities and components with the institutional dimension

provide existing frameworks which regulate all sectors – these regulatory frameworks provide the

knowledge base in which the actors in the institutional dimension can negotiate the details of

collaboration, the legal requirements and business elements.  All of these would have to subscribe

to an ideology which values the monetary and the non-monetary in the interests of sustainability in
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all dimensions.  The actors in the institutional dimension are numerous: global entities, World

Council of Business, to mention a few, national government (including the Department of Mineral

Resources, the Department of Environmental Affairs, Department of Trade and Industry, Economic

Development Department), trade unions, financial institutions including banks and investment

companies, local authorities and municipalities. Adaptations arising from a changed ideology

would inform the relationships of the actors in the institutional dimension.

The agreement between state, industry and society is purposively established for the

implementation of an industrial sector to operate beyond mining.

In the demographic dimension the sustainability of the community in terms of social welfare, its

structures and its income in the vicinity of a mine once the activity has closed, requires an

intervention in three specific places. To repeat, first, when the planned primary beneficiation

operations in mining and process terminate; second, when there are staff retrenchments; and, third,

in relation to the inward migration of people seeking employment in what is conceptualised by

them as an urban hub.  The finite number of opportunities on an operation is a source of social

disgruntlement.  A managed adaptation to this situation is conceptualised in the model.

The technological dimension in South Africa is well evolved in industry, including especially the

mines.  The focus of activity in the mining sector is on primary beneficiation of minerals into

saleable products or commodities.  A contribution to sustainability is the reduction of the

environmental footprint of any mining operation.  This can be achieved in a number of ways;

through continuous improvement of systems such as extractive and process systems, and through

reduction of mining waste residue and waste rock streams.

4.4.1.2 Trilateral networks and hybrid organisation

In terms of the adaptations needed to be directed and managed for the model to eventuate in a new

industrial sector, the trilateral networks and the hybrid organisation envisaged would aim to take

the flexibility and portability issues of the model into consideration.  Adaptations towards the

development of common goals in sustainability would need to be developed.

The economic dimension is where the new industrial sector would emerge as outlined in the

situational analysis.  Government, private sector and economically active individuals are the key

entities and components in this dimension where the current dominant economic paradigm is

reformed neoclassical focussed on the triple bottom line and globalisation (see Sections 2.5.2 &

2.5.3).  The neoclassical economic paradigm however, does not allow its actors to readily measure

non-monetary value, subscribe to the sustainability effort in all seven dimensions, nor does it

necessarily allow them to see as obligatory those stewardship commitments as going beyond
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processes.  For that reason the institutional dimension is important for reviewing what adaptations

are necessary. The role of state owned enterprises in South Africa has resurfaced in nationalisation

debates currently.  A current exposition of the problem can be read in the political commentary of

the politician Netshitenzhe (2010; 2011). In these discussions on nationalisation, a developmental

state is understood as the State being responsible for enterprises which provide public goods.  The

private sector, meanwhile, including monopoly capital, is a potential partner but one which needs

to be regulated (Netshitenzhe, 2010:4). Government’s role is not that of the private sector.

An adaptation to the growing concerns of the developmental state is included in the model.  It

proposes that the overarching coordination of such a secondary beneficiation activity be

implemented through an independent company established as a collaborative venture (in the form

of a triple helix agreement of public private partnership, for example) between the mining industry,

government and society, at a national level.  (Such entities are not established to make profits in the

same way that private sector is as they provide a necessary service – employment opportunities

being one). That independent company would be guided by a grasp of sustainability as it happens

in a complex adaptive system.  In this adaptive system, the transitions from an initial dynamic

equilibrium to a new dynamic equilibrium would be understood as both fast and slow, directed and

non-directed developments in the interacting processes.  There would be consideration of

adaptations to response feedback stimuli.

Business in the private sector does not have a national mandate.  For business to operate a

commercially viable venture requires a measurable return on investment for its shareholders to

ensure economic sustainability.  However, regulatory drivers together with the changing role of

business in development requires from those in positions of power a different, more holistic and

integrated approach which takes the broader socio-economic needs into account.  This is

particularly the case in South Africa with its emerging economy and increasingly higher levels of

community activism.

Although the ideal of a developmental state is to combine the positive elements of the private

sector and government, in South Africa the starting point needs to address a number of

qualifications including the role of social expenditure, the interventions to deal with systemic

unemployment and affirmative action. If South Africa is to transition to a developmental state, it

will have to define its own pathway because “ …there are no ready-made templates to follow”

(Netshitenzhe, 2011).  Japan, considered a developmental state for many years, has a history as an

interventionist state which dictated the direction of development in a capitalist economic

environment with a highly regulated private sector involved in the development of the country

(Bolesta, 2007).  Another developmental state, Thailand, looks to a carefully planned sufficiency

economy from which to prosper.  Sufficiency economy is a philosophy that stresses the middle path
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as an overriding principle for appropriate conduct by the populace at all levels.  "Sufficiency"

means moderation and the need of a self-immunity mechanism to enable protection from impacts

arising from internal and external changes (Piboolsravut, 2004).

There have been key changes in the legislative framework in South Africa that act as regulatory

drivers for instituting new policies and programmes including the implementation of beneficiation

through reduce, reuse and recycle policies (see Section 2.6.3).

Directed adaptations in the institutional dimension are also important to nudge the collaborative

framework and the regulatory components toward sustainability.  Work in one dimension often acts

to make a concatenation of changes just as adaptations in the technological dimension lead to

adjustments in the informational dimension.

4.4.1.3 Unconventional business operations

Flexibility in the system to deal with unexpected events, change: The use of complex adaptive

systems to describe the landscape in which industry beyond mining operates in seven dimensions

enables discussions, planning and most importantly, provides scope for unexpected changes.  For

example, consequences of a new input can be readily accommodated as part of an adaptation to

processes of stimulus-response stimuli.  Examples of such new inputs include adjustments in

response to the current drive to a Green Economy; changes within a political party; the impact of

the economic crisis in the global financial markets; natural disasters; and uprisings such as the

recent Arab Spring.  These adaptations result in the emergence of new niches which in turn, lead to

unexpected consequences.

Planned consideration of all seven dimensions from the start; although toward an ideal, want a

practicable approach: Adaptations are required in each of the seven listed dimensions to follow a

pathway toward sustainability that includes environmental and ecological concerns. The

ideological dimension proved the most important dimension from the review of the sustainability

experiments discussed in Chapter 3 – the understanding of sustainability and how sustainable

development can be implemented needs to be broadened to address its complexity.  Transitions in

the institutional dimension, including organisational and regulatory sub-components, are also

important to facilitate the implementation structures. The institutional framework in which such an

ideological role can operate would also have to be adjusted.  This would involve the emergence of

new collaborative hybrid organisations.  Such organisations are envisaged based on an adjustment

of the triple helix model developed for the private sector, the state and society.  This changed

system provides the space for engagement on a different form of business. In the economic

dimension, directed adaptation is required to consider the apportionment of metrics for non-

monetary value in addition to monetary value. There would be no major disruption to existing
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systems, on the contrary, this would facilitate the evolution of pluralistic economic systems within

the country’s economy. Such an adaptation would be one contribution to the provision of

employment opportunities. Demographic and social dimensions, although complex, can be

directed and managed. Some adjustment to the social dimension is required to promote a

sufficiency focus that aspires to satisfy people’s needs.  The demographic dimension would need to

adapt to ensure inclusivity in the economy. Adaptations and transitions in the technological and

informational dimensions are straightforward because of the technical nature of the industry

envisaged beyond mining but informed by technological developments in mining and industry.

Multi-level and multi-temporal networks – planned: The foundation for an effective

implementation lies the planning stages across all the dimensions.  Planning for the needs of

sustainability requires consideration of management and policy, public participation, ecological

integrity and an economically productive resource base and infrastructure (Tippett et al., 2007).

Participatory planning involves five stages – inform, design, consult, deliver and monitor – and

these should be considered from the outset.  Further, the model facilitates the development role of

well connected networks that contribute resilience.

4.4.1.4 Various sites

From a mining point of view, the mining waste residues and waste rock are currently stockpiled,

managed and monitored.  These stockpiles are owned by the private sector, both large and medium

scale, by government through its responsibility for abandoned and derelict mines including the acid

mine drainage problem, and by state owned enterprises such as Eskom through ownership of power

stations.  Such stockpiles represent, for the most part, an available natural resource located in

different geographic regions across South Africa. Although there would be stockpiles that might

not be suitable for reuse because of their chemistry, most stockpile resources can be used as

feedstock for secondary beneficiation.

Initiatives leading to the minimisation of mining waste residues are a clear contribution to longer-

term sustainability.  The prospects for further activities once mines have closed are important as the

sector is obligated through legislation to initiate social and labour plans.  The establishment of

entrepreneurial opportunities for inclusion in these social and labour plans is important.  This

provides scope for effective implementation of corporate social responsibility with a positive return

in terms of a license to operate and a preferred partner.

4.5. Emergence of a New Industrial Sector

In this section, one set of suggested guidelines on the directed adaptations required is broadly

illustrated through one example.
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Value-add opportunities through beneficiation of natural resources have often been targeted as

vehicles for economic growth. In South Africa, this has been linked historically and currently to

primary beneficiation of natural resources mainly related to the extractive mineral industries.

Secondary beneficiation has not developed to the same extent.  In the mining sector, the attention to

date has focussed primarily on growing a number of downstream opportunities like transforming

platinum into jewellery and fuel cells.  There has been much less focus on upstream beneficiation

potential for instance, transforming slag generated from the smelting of platinum ore into

construction products.

The mining sector in South Africa is under increasing pressure for a range of reasons.  The fact of

resource depletion is only one problem. There are external factors such as increasing

environmental concerns, changes in market forces, technical innovation and community activism to

be considered. Mining companies are obliged by law to submit social and labour plans which

outline alternate employment opportunities once the mining activities come to an end.  To address

this, two strategies are suggested:

 One such strategy would be to move the focus from primary beneficiation to secondary

beneficiation in upstream waste residues.  Secondary beneficiation opens up an opportunity

for directed transition to continued sustainability, related to the mining and extractive

industry but not to be run or managed by the mining sector.

 Another strategy would be to take up the various opportunities in secondary beneficiation,

namely, downstream, upstream and side-stream value-add systems.  Were this to be done

according to a well-thought out programme, there is a strong possibility of a directed and

managed transition from a mining to a viable local economy beyond mining.  So far, these

opportunities in secondary beneficiation have materialised only in a limited way and

definitely not to the extent of establishing a new industrial sector.  To establish such a

sector, at national level, requires transformations of current systems.  But to launch such a

new industrial sector it is necessary to understand the context in which such activity has to

grow.  That context is one which includes trans-national corporations, multi-national

organisations, governments and society.

The benefit of the implementation of the sustainability orientated collaboration model lies in the

emergence of a new industrial sector.  In targeting an industry, rather than a single project allocated

near one specific operation, the series of knock-on economic activities that would be generated is

an advantage. Benefits can be direct, related to the industry, indirect related to supply industries

and induced through economic impacts from salaries and wages paid and from side-stream

industries.
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The implementation of the model in the ideological, institutional and economic dimension is

influenced by an evolutionary perspective.  In the social dimension the actors, individual and

organisational, are viewed as political economic persons and political economic organisations

respectively. Both market and non-market relationships exist between actors.  The conceptual

framework requires that in implementation of the economic dimension, the system must be

ideologically open in terms of efficiency and resource allocation to include aspects of institutional

economics.  In decision-making matching, appropriateness and pattern recognition is important as

is positional analysis and environmental impact assessments (in contrast to cost-benefit analysis

process).  Still in the economic dimension, social and power relationships between market actors,

based on fairness, multi-functionality and with multiple commodities would be needed.  In the

demographic dimension, progress in society is ideologically open with various interpretations of

sustainable development among options.

4.5.1 One set of guidelines suggested for implementation of upstream secondary
beneficiation

Were the model to be applied, the pre-condition for its implementation, the meta-level

collaborative agreement between the mining industry, government and society needs to be in place.

Downstream secondary beneficiation in the mining sector is very much at a nascent stage.

Upstream secondary beneficiation in collaboration with the large-scale mining sector is a realisable

opportunity without too much delay in the near-term.  The resource material under evaluation is not

being extensively used by the mining sector, instead it is a stockpiled waste residue from its ore

treatment processes. These material resources represent only the upstream opportunities as there

would be other, side-stream opportunities that would evolve such as the provision of financial

services that would accompany development.

It is important that all the dimensions are considered from the start although not all of them will be

dominant at the same time (Figure 4.7).  Adaptations and transitions are required at macro- and

micro-level in all seven dimensions.  The meta-level collaborative agreement in place defines the

transformations in the ideological dimension.  Through this agreement, the definition of

sustainability is broadened and includes working toward the emergence of a new industrial sector at

national level in secondary beneficiation of upstream mining waste residue through directed

adaptation.
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Figure 4.7 All the dimensions are considered from the start although not all of them
(dashed lines) are dominant (solid lines) at the same time during implementation.

The meta-level agreement is between the institutional actors – government, the mining industry and

society, however, the actors will be different at local level. The institutional dimension defines the

collaborative structure and takes the regulatory and legal fields into account.  There are various

platforms and interactions between governments and industry; this is also the case in South Africa.

An example of this is the National Economic Development and Labour Council, NEDLAC, in

which government meets with organised business, organised labour and organised community

groupings on a national level on topics of social and economic policy (NEDLAC, 2011). The

model proposed however, bases a collaboration between the mining industry and government on an

adaptation of the triple helix model (Figure 4.3).

Such a collaboration (Figure 4.6) of the mining industry, government and society with overlapping

institutional responsibilities leads to the emergence of hybrid organisations at the interfaces,

continuously responsive and adaptive to changing scenarios. Step transitions are required in the

institutional dimension to define the mechanism of the collaboration structures on a macro and

micro level.  Directed adaptations in networks need to evolve at more than just a national level, to

encompass the local scale. Such networks, once established, provide the linkages on which to

grow. Currently functioning mining operations are not set up to transact with many individuals and

companies that may want access to mining waste residue material.  A hybrid organisation can be

established as the single contact point for the mining operation.  This enables the mine to continue

uninterrupted with its routine activities. The benefit of such a collaboration for the trans-national

corporations and for government lies in the reduction of risk related to rehabilitation and the

successful provision of alternate economic opportunities for local communities, reducing the

dependency on mining.
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Adaptations in the economic dimension, framed in the broadened definition of sustainability, move

toward a measure of non-monetary value that better reflects social well-being.  Consequently,

fewer monetary inputs and outputs are required.  In the economic dimension feedstock resources

have to be identified.  One example is the availability of a slag stockpile of >2 million tonnes

briefly discussed in Chapter 3.  (This increases the life of mine by the time it takes to re-processes

the more than 2 million tonnes).  At a micro-level, the off-take mechanism and potential needs to

be defined.  This requires a link to the technological dimension through materials studies and to the

institutional dimension detail at a micro-level.  In this instance also, there is a link back to the

regulator in terms of permits and approvals.  It is important to structure the institutional

arrangements through one organisation as a mining operation should not have to deal with a

multitude of off-take requirements and different organisations that are not part of the core business

of mining.

The technological dimension is the most developed and understood in view of the technical nature

of mining.  However, there are still aspects to be studied where the technology is to deal with

products that will have a non-mining reuse.  The technological dimension would have to be

expanded on a micro level detail to scope and verify research and development requirements for

energy efficiency and low environmental impact, to confirm product viability, manufacturing

requirements, etc.  This links with the social dimension through for example, social acceptability

studies.  Linkages from the technological dimension to the institutional dimension that ensure

regulatory compliance are also required.  The interaction in the economic dimension relates to

understanding and subsequently establishing the demand for mineral and non-mineral product into

different uses including agricultural, industrial and manufacturing.  Opportunities in research and

development, processing plant and equipment manufacture and supply, production and distribution,

for tooling and maintenance and for skills development are available.  These opportunities can be

transformed into sufficiency sustainability business entities through a broader focus on both

monetary and non-monetary value.

The inclusion of the social dimension at micro level means employment and entrepreneurial

opportunities for communities beyond mining.  Value-add opportunities concatenate in multiple

industrial and services development.  The social dimension links to the technological dimension

through for example, product preferences such as opting for housing (and assisted by trans-national

mining companies such as Anglo Platinum’s agreement to facilitate the purchase of 20000 houses

by its staff).  Further input to the social dimension is required in design, finishes and similar issues.

The link to the economic dimension is in terms of metrics for social well-being and a re-focus on

non-monetary value.  People employed, housed and fed mean that ultimately the political economic

person is capacitated and communities that are viable are established.  The link from the social to
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the demographic dimension is established as the demographic addressed is located adjacent to

operations.  This provides a viable, longer term alternative to mining and contributes to one option

for sustainability beyond mining.

The awareness, skill and knowledge component of the informational dimension is addressed from

the demographic, social and technological dimensions especially.  This allows for adaptations in

many different speciality fields to emerge, for example, materials research. The reuse of upstream

materials presents itself as one way of not extracting more of nature’s capital.  Reusing these

resources, instead of stockpiling them, enables new business and financial options to grow social

well-being, sufficiency and sustainability. These can be by using mining waste residues in

secondary mineral beneficiation (as in the extraction of chrome from slag) and in non-mineral

beneficiation (such as the transformation of slag into housing systems shown in Figure 3.4).

Some suggestions of what these adaptations are have been made provided that the intervention and

subsequent deliverable is from a long-term view.  This long-term view must be flexible because

adaptations may also emerge as undirected and unmanaged transitions.  The schematic

representation of how the new industrial sector could move towards greater sustainability (the

green circle) reflects the fact that it should be considered from the point of view of all seven

dimensions (Figure 4.8). The biosphere is in balance at any point on the green oval in relation to

sustainability (the ideal). The arrows suggest movements in time which are different for different

dimensions.  Some arrows will diverge and not lead to sustainability.

4.5.2 Expansion potential

There is expansion potential for the industrial sector.  The secondary beneficiation sector as

proposed, using upstream residue and waste rock stockpiles generated from mining and its

associated primary beneficiation processes, can be extended across South Africa.  Further,

expansion into the abandoned and derelict ownerless mines is also possible.  This would align with

Government’s strategy to rehabilitate the abandoned and derelict mine sites (Coetzeeet al., 2008;

DMR, 2009).  Similarly, this concept could be extended to contribute one solution to the acid mine

drainage problems both in the Witwatersrand Goldfield and in the Witbank Coalfields while

unlocking entrepreneurial options at the same time.

It is also extendable into the neighbouring countries of SADC, Southern African Development

Community, and northwards into Africa to countries where there is mining and similar problems

are faced.  Other industrial sectors also provide scope for growth in terms of secondary

beneficiation as this approach can be expanded into all industries that generate residues as part of

their production processes for example, opportunities to use cellulose residues from the food sector

in binders.
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Figure 4.8 Schematic representation of new industrial sector at start with adaptations to
increasing sustainability over time.

(Modified after Geels, 2004:38 – refer to Figure 2.4 for interpretation of the schematic).

4.6. Conclusion

A rationale for a new model for the implementation of sustainability was presented in this chapter.

The inputs from the sustainability experiments discussed in Chapter 3 contributed to the

development of the conceptual sustainability orientated model.  The proposed sustainability

orientated model comprises the complex adaptive system that is sustainability beyond mining and

its emergent adaptations in seven dimensions of the biosphere.  This articulates sustainability as

interconnected between and within dimensions.  One of the ways that sustainability can be

achieved is through using upstream mining waste residues to seed the emergence of another locus

of development in the surrounding economy.

The scope of this chapter was a conceptual discussion of the sustainability orientated model

developed.  In the discussion, the transitions in seven dimensions needed to move from the triple

bottom line of the existing system to emerge as a system that is more sufficiency and sustainability

orientated were presented. A suggestion of how the sustainability orientated model could be

implemented is described also from a complex adaptive systems perspective of the biosphere in

seven dimensions.
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Guidelines for directed and managed adaptations and transformations are suggested to facilitate the

emergence of a new industrial sector.  These are guidelines for the implementation of a

sustainability orientated model to move to sustainability beyond mining.  The conclusion is that the

model can be implemented.  Several general conclusions have been derived from this study.  The

implementation of a model like this in South Africa would serve the country well.  This because of

a drive to a developmental economy.  In the past, such a developmental drive led to the

industrialisation economy of the 20th Century under the guidance of Dr van der Bijl (see

Section 1.1).  South Africa has not considered sustainability in all the seven dimensions as

evidenced by talk on the Green Economy.  Government focus on the Green Economy though

shows the willingness to adjust and facilitate the regulatory framework.

The dependence of the local economy on the mining sector can be reduced through the emergence

of an additional focal point of development in the local economy.  Such a focal point, a new

industrial sector beyond mining which supports sustainability objectives, is grounded in the

experiments reported on in the previous chapter. The interpretation of the research and

development projects in sustainable development to address questions of sustainability, were rooted

in the mining industry.  However, these interpretations can be attributed to business in general.  In

the proposed sustainability orientated model, those interpretations and insights gained are used to

generate solutions to remediate limitations in sustainability. Such a new model allows for the

consideration of sustainability in seven dimensions. A new industrial sector in secondary

beneficiation can grow using upstream mining waste residues. But, the implementation of such an

industrial sector occurs outside the responsibility of the mining industry.  The mining projects like

the rest of industry were implemented in the larger context of a neoclassical economic paradigm;

the proposed model would operate in the same paradigm but has been conceived from an adjusted

economic paradigm that considers sustainability holistically.

A situational analysis of the seven dimensions in which the model would operate revealed the

complex adaptive system and subsystems of the biosphere to be capable of change and growth;

components and entities within the dimensions to be closely related and through their relatedness

capable of adaptation and transition.  This contextualises where the model would be placed.  The

reason for using complex adaptive systems is that it provides a mechanism with more detail to

reveal actors, entities and components.  The greater detail enables me to think about them

differently to evaluate the transitions I envisage.  One such example can be taken from the mining

context over the last 100 years.  Legislation has compelled mining to take responsibility for issues

beyond their core business.  That legislation reveals that the system of mining can grow and

change, in fact, adapt to new responsibilities. Adaptations result from the interactions between the

elements in response to environmental changes.  The emergent system while incorporating new



150

elements and interactions forms a network that is “durable but mutable structure”(McQuade &

Butos, 2009:78-79).

The model will have a better rate of success in terms of sustainability if all the dimensions have

been considered.  This allows the relationships between the actors, entities and components to be

assessed within the environment.  This also allows the possibilities for learning and growth to be

considered.  The feedback loop is important because it shows there is a good possibility mines will

react to the environment in several dimensions for example, building schools outside the mine

boundaries – a small step to social well-being.  But there are numerous steps to sufficiency and

sustainability.  The situational analysis suggests emergent behaviours in response to stimuli in the

landscape are possible in the mining and business world as well as in government. Adapting the

sustainability component beyond mining where it ceases to be the responsibility of the mines

enhances the potential for a new industrial sector.

The sustainability orientated economic model as proposed needs to be implemented in the real

world.  Most importantly, such implementation must be disjoined from mining.  It cannot be

defined in a neoclassical or reformist economic paradigm of business-as-usual.  The

implementation of this sustainability orientated model in seven dimensions requires several factors

to be initiated and in place.  In the ideological dimension – the will to engage and to accept

pluralism; in the institutional dimension – collaborative structures between government and

industry with the aim of improving social well-being in society; in the economic dimension –

adaptations to institutional sufficiency and sustainability.

The implementation of the model in the mining context, requires small adaptations or

transformations in the technological and informational dimension.  Changes in the economic

dimension require committed input. The model proposes that seven dimensions be used to achieve

greater levels of sufficiency and sustainability.  In a new collaboration, to initialise progress in the

economic dimension the economic system has to transition from neoclassical thinking to

institutional sustainability economics which also has to consider a role for sufficiency.  This is

important to enable the measure of non-monetary value in addition to monetary (financial) value.

A collaboration based on a different paradigm would not replace existing systems, instead, it would

contribute to pluralism in the economic dimension.

An important transition toward sustainability using secondary beneficiation of mining waste

residues would be achieved were the proposed sustainability orientated model to be implemented.

Changes in the ideological, institutional and economic dimensions are key to the implementation of

sustainability beyond mining as understood from the broader concept of sustainability. The model
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has its shortcomings; there would have to be more research in terms of the complex adaptive

system and its equilibrium and disequilibrium states.

4.6.1 Limitations of the model

There are limitations to the proposed sustainability orientated model.  There is an increase world-

wide in the number of response-stimulus feedback loops.  As a consequence of the globalised

nature of the current business world, such feedback loops generate ever more arbitrary, winner

takes all (such as Microsoft) or loser-takes-all (such as the 2008 financial crisis) events.  The

acceleration in number of feedback loops leads increasingly to events that cannot be predicted.  My

model is limited to what I know and intuit.  Human intuition developed for a simpler life in contrast

to the “ black swan”  type event that is unpredictable (Taleb, 2007).  The randomness of outlier

events which happen outside the known, the boundary of experience can have extreme

consequences.  An example of such an unpredictable event was the first outbreak of Avian flu.

Such an outlier has an extreme impact often with global consequences.  Even if an event is random

and an outlier, human nature concocts an explanation for the facts after the event because man

prefers events to be explainable and predictable.  This is termed “retrospective predictability” and

an illustration of this is the stock exchange (Taleb, 2007).  In contrast, a predictable event is

exemplified through mining as primary beneficiation activities have been carried out the same way

for over 100 years – extraction in one country but the bulk of the economic prosperity repatriated to

the colonial power later the shareholders.

The sustainability orientated model presented while based on the experiments in Chapter 3 through

reflection and retrospective analysis tries to take into account the global situation and that there are

“ black swan” events likely.  An unlikely example might be the overnight introduction of a new

global currency with a concomitant end to forex trading, for instance.

4.6.2 Significance of the sustainability orientated model

The sustainability orientated model offers an alternative approach from which to assess and

implement sustainable development in a way which is linked to increased social well-being and

sufficiency.

The landscape of the mining industry globally and nationally currently reflects the triple bottom

line approach to sustainability.  The proposed model, despite aligning with government’s stated

intention, is more forcibly driven by the need to conserve the environment and the ecology in

which mining happens and takes into account social dignity and equity, and the sustainability of the

biosphere.
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The implementation of the model takes into consideration the dominant practices and ensuing logic

of appropriateness in the current industrial (mining) and the emergent industrial sector that is

proposed but with certain important changes.  In a new industrial sector, meeting the present needs

in that sector cannot compromise the ability of future generations to meet their needs.  Within the

industrial sector of mining, the ability of future generations to address their needs is compromised.

One illustration of this is the process of stockpiling mining waste residues rather than encouraging

the reuse of these. The emergence of an industrial sector in secondary beneficiation of mining

waste residues provides the new industry with the possibility in the technological dimension to use

the skills current actors already have to build homes.  In the economic dimension, if the actors are

housed and employed then education is a realistic option addressing the cross-cutting social and

demographic dimensions.  There are opportunities available to the individual and therefore more

democracy.  The mining sector at present does not consider the biosphere holistically in different

dimensions.

Although the insights derived from the research and development projects conceived as serving

sustainability through sustainable development were related specifically to the mining industry,

they can be generalised to refer to business in a wider sense.  Such broader applicability allows for

a similar approach to sustainability and secondary beneficiation of their residues in other industries.
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CHAPTER FIVE

In this chapter, a conclusion is given followed by a set of recommendations.  They

are in line with the hypothesis of this study - sustainability can be approached

through the implementation of a new industrial sector, using secondary

beneficiation of mining waste residues beyond mining.  A model for the

architecture of the new sector informed the discussion.

5. Conclusion and Recommendations

5.1. Introduction

This study concentrated on sustainability in and beyond mining and the transformations required in

systems to initiate an industrial sector in secondary beneficiation of mining waste residues.

Directed and managed adaptations in systems and sub-systems can offer opportunities to benefit

people, the economy and the environment and contribute to sustainability through the use of

mining waste residues derived from secondary beneficiation.  The sustainability orientated model

proffered of such a directed development is placed in the economic dimension and in a neoclassical

landscape. The suggested steps to instantiating a new industrial sector in secondary beneficiation

of mining waste residues however, is informed by global consciousness in its understanding of

sustainability in the aggregated complex adaptive system of industry.  This view is further

illuminated by the need to identify practicable ways to extend the opportunities for employment, to

reduce poverty and improve social well-being in the current economic climate.  Transformations in

systems – outlined in the sustainability orientated model – to facilitate a new industrial sector in

secondary beneficiation of mining waste residues that involve government and industry, is an

innovative solution to a multi-faceted problem.

In mining, the experiments aimed at sustainability were limited in their success because of the

focus on the technological and economic dimensions to the exclusion of other dimensions, although

as sustainable development projects they met their stage milestones.  The ad hoc support given to

communities adjacent to the mines through corporate social responsibility initiatives does not lead

to their becoming sufficiency-orientated politically economic persons.  The innovative model

proposed for the use of mining waste residues in secondary beneficiation in a newly developed

industrial sector occurs beyond mining, beyond primary beneficiation.  The proposed model is

based on sustainability principles different from those expressed in the triple bottom line.  The

model arose from an understanding of the concept of sustainability embedded in a global

consciousness and referring to the whole interconnected biosphere rather than from the available

myriad definitions of sustainable development (weak or strong).  Sustainability and sustainable
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development has been understood in this study as a system of interactions between human activity

and well-being with the biosphere.

The sustainability experiments which were used as the starting point for the development of the

model were within the mining context.  They were funded through research and development

mechanisms and began as projects; they were grounded in a neoclassical economic paradigm; there

was no distinction made between sustainable development and greater sustainability and they were

not aimed at serving more than social and ecological modernisation (of the neoclassical paradigm).

However, they proved useful in showing progress in the evolution to sustainability when looked at

in different dimensions.  The resulting observations enabled the development of a nuanced

sustainability orientated model.  The model provides the mechanisms to pursue the idea of

sustainability in all seven dimensions in a limited industrial sector beyond mining and using mining

waste residues.  The chief characteristics of the model can be summarised as involving meta-level

collaboration, having portability and flexibility, and leading to the emergence of a new industrial

sector.  In using a less reductionist definition of sustainability the model can be seen as

ideologically open about efficiency and resource allocation.  Secondary beneficiation which serves

a sustainable development agenda is best placed outside the mining environment. Although the

feedstock material for this secondary beneficiation process is derived from upstream mining waste

residues, the new industrial sector occurs beyond mining.

5.2. General Conclusions

In coming to conclusions based on the theoretical background for this study, the conclusion which

stands out is that definitions of sustainability fail to take account of the complex adaptive system –

the biosphere – in which they are supposed to operate.  However, it is very difficult to reconcile all

the different elements of the biosphere, human agency, organisations, ideologies, or in short, what

Latour (1993) has called actors – human and non human.  So, for the sake of discussion the

biosphere has been divided into seven separate dimensions (after Gell-Mann, 1994: 345-366) and

the actors in the experiments and the model have been described as operating in those dimensions

in this study.

Sustainability and sustainable development were conceived as a system of interactions between

human activity and well-being with the environment as illustrated in the Fuzzy Boundaries model

(Figure 2.1). Once sustainability is not thought of as an add-on corporate social responsibility

activity and instead, as efforts by a range of actors occurring at different rates in different

dimensions, it changes our viewpoint.  Sustainability in a complex adaptive system can be

described from a long-term perspective which is one of the characteristics least considered in triple

bottom line scenarios.  Further, the multi-level quality and extreme diversity of the biosphere and

the actors acting in it can be described in terms of components and adaptations.  All the
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components react to stimulus-response processes in an interconnected, multivalent, multi-level and

multi-disciplinary way. These adaptations or trajectories are influenced by the socio-technological

regimes in which they are embedded. That means that the variety of developments which support

sustainability in any of the dimensions of the biosphere can be seen as smaller or larger

transitions/adaptations towards more or less sustainability.  Or, sustainability can be seen as an

emergent phenomenon.  This perspective facilitates a more encompassing view of sustainability

and at the same time enables directed adaptations to be discussed and managed differently than

they have been in mining waste residue disposal to date.

A further conclusion from the discussion of the theoretical framework of this study is that the

expansion of the regulatory framework to include sustainable development shows the commitment

by government toward sustainability but within the neoclassical economic paradigm.  This is

contrasted with industry’s commitment– industry is adapted to global perspectives and ignores

local conditions except when national regulatory legislation pertains to their local activities.

Sustainability is not viewed in the long-term by industry.  Degradation and failure to comply with

sustainability principles cannot be reversed by policing.  The regulations are promulgated in good

faith and are applied to the letter but not the spirit of the law because sustainability contravenes the

profit-maximisation imperative in the mining industry and old ideas about quick-fix solutions to

mine waste are applied to sustainability misdemeanours.

A next conclusion for this study resulted from the examination of the definition of sustainable

development as used within the industry, the triple bottom line. The definitions of sustainable

development can be grouped according to an ideological orientation and economic paradigm, a

neoclassical, a social and ecological modernisation of neoclassical and a radical orientation.  The

predominant view of sustainable development is in line with the neoclassical economic paradigm in

which mining functions and has always functioned. It is only recently that the triple bottom line of

reformed neoclassical economics has been considered as is revealed specifically through the system

of metrics used.  Ultimately, sustainability is understood in an extremely reductionist way, as the

intersection of three dimensions, social, environmental and economic.

What the reductionist definition of sustainability used in the mines meant was that the industry was

slow at anticipating communities’ needs once the mine had closed, or after organisational

restructuring and downsizing in the trans-national corporation had happened, or in dealing with the

influx of people into the area who had come to improve their economic/political opportunities.  The

slow response of the mines in some of the seven dimensions – ideological, institutional, social, and

demographic – while responding rapidly in the economic, informational and technological

dimensions, showed that the idea of what sustainability is, in a complex adaptive system, was not

available to the industry. The implementation of sustainability principles in the mines is affected
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by global protocols, directives, regulatory obligations and the vagaries of the market economy. On

sustainability, trans-national corporations are represented on the global platform by the World

Business Council for Sustainable Development which includes the mining industry.  In addition,

the International Council on Mining and Metals liaises with the World Business Council for

Sustainable Development on industry specific questions. Compliance is monitored and reported on

somewhat mechanistically in annual reports of corporate social responsibility in the mines.  The

politicisation of the idea of sustainability (Söderbaum, 2008a:52), particularly by linking it to the

shibboleth development, obfuscates the need to consider all the dimensions forming the complex

adaptive system in which mining occurs.

A brief look at the history of sustainable development in business led to the conclusion that the

concept of sustainable development had gained (and lost) momentum since the 1980s.  A positive

development in the implementation of sustainability was the inclusion of a role for the private

sector to contribute to addressing the Millennium Development Goals. But without real and

consistent poverty alleviation, the implementation of sustainable development activities cannot

persist.

In the mining context, the technological, informational and economic dimensions are better

developed than the other dimensions.  This reflects the focus of the core-business and reinforces the

role of business in a neoclassical paradigm.  The technological dimension is the most developed of

all the dimensions. When six projects executed in the research and development unit of a trans-

national corporation were assessed as sustainability experiments, they revealed clearly that

sustainability was subsumed beneath the engineering and science intensive activities to the

exclusion of other dimensions.  As an example, until the technological issues were understood,

there was some difficulty in reducing air pollution resulting from extractive processes of coal

mining (Figure 3.5A).  The fact that air travels beyond the mining lease boundaries was not

considered until the core mining problem was solved.  However, the experiments provided an

invaluable tool to determine and understand how long-term, and what length of time is required

within the dimensions for adaptations to sustainability outcomes to take place.  Despite managing

and directing adaptations (and contending with undirected consequences of the transitions in

several dimensions simultaneously) the reality is that except in the technological dimension, most

adaptations conceived as sustainability initiatives are not persistent while others take years to

achieve.

One of the sustainability experiments on minimised waste residues, Residue beneficiation (reflected

in Figure 3.5D) showed adaptations in all seven different dimensions and that was encouraging for

the development of the model proposed in this study. There was a fair amount of development in

the informational dimension, although not to the same extent as in the technological dimension.
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However, further adaptation could be managed in this dimension.  The economic dimension was

well-developed and appropriate in that it addressed the nature of the primary beneficiation business

activity of the firm. The experiment met the requirements of the neoclassical economic paradigm

and contained elements of the social and ecological modernisation or reformist neoclassical

economic point of view. This response is associated with the narrowest definition of sustainability,

namely, weak sustainability.

It was concluded that for adaptations towards greater sustainability to take place the role of the

ideological dimension had to be considered in the complex adaptive system of mining and industry.

The present neoclassical economic paradigm reflects the ideological orientation of the trans-

national corporations in mining as neoliberal with their focus on globalisation and the market

economy.  The role of Government as an actor in South Africa with its ideologically mixed

framework showing elements of neo-liberalism and institutionalism, made the development of the

proposed model complicated as Government provides regulatory frameworks, establishes industrial

policy, sets developmental goals among its many functions. In the institutional dimension the

actors include government, trans-national organisations and all of these would have to be

considered in the implementation of the model proposed in this study. The variety of roles each

actor has in complying with internal and external regulations would be only one of the factors to

manage in making adaptations towards sustainability.

The conclusions drawn from reflecting on the sustainability orientated model proposed is that it

could be a mechanism with which to serve sustainability.  For the model to work and enable a new

industrial sector to emerge, a pre-condition is a metal-level collaborative agreement which would

place great store on the portability and flexibility of the model.  As the model is portable and not

restricted to one commodity type and location, it could be situated in different areas, adjacent to

currently operational mines and in other areas.  That the model is portable means that it can be

implemented on a local scale and readily adapted to local conditions – this serves a sustainability

agenda very well.  Further, its portability serves the greater good of sustainability in that the many

areas where there are defunct mines can be given a new lease of life and have the local economies

restarted. A further characteristic of the model is its flexibility. This flexibility contributes to

sustainability by readily modifying networks, for example, of third party collaborators, to reflect

changes in the landscapes and regimes.

The proposed model was in itself a species of conclusion to the experiments.  However, in drawing

conclusions about it, an important consideration is that if it were to be implemented it would look

to sustainability in which political economic persons and political economic organisations take

responsibility. The model does not focus on (financial) economic growth alone – progress in an

ideologically open society can be measured in more than growth (Söderbaum, 2008a:45).  A profit
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maximising entity in the sustainability concept understood in this study includes non-monetary

value in addition to monetary value. When there is more than one way to measure value and more

than one ideological orientation, democracy is supported.  Democracy for an individual actor or the

political economic person means that the person is more than a unit of labour, more than a

dispensable commodity, more than a consumer.  Economics is inseparable from politics; if the role

of the individual or political economic person as actor is narrowly conceptualised as in neoclassical

economics then there can be no commitment to sustainability.  The political economic person has

to be empowered and capacitated to contribute positively to society and the ideals of sustainability.

In using mining waste residues which were stockpiled in the past and not used to initiate industrial

development, the study provides an innovative response to upstream secondary beneficiation, but it

would be beyond mining, outside the business of mining.  It would best be implemented through an

overarching coordination, namely a public private partnership between the mining industry,

government and society, at a national level.

For a successful outcome – the emergence of a new industrial sector in secondary beneficiation of

upstream mining residue – to serve sustainability, the actors implementing the model would need to

be alert to unexpected outcomes to managed and directed adaptations and developments in the new

complex adaptive system.

It is believed that the model would facilitate the emergence of a new industrial sector in mining

waste residue beneficiation, a secondary beneficiation activity.  The emergence of this activity in

secondary beneficiation does not interfere with current mining practice of primary beneficiation

and can be dealt with as one of a number of options in an economic system that favours pluralism

instead of the current hegemonic approach that favours neoclassical economics and its associated

metrics.  The model enables the political economic person – the individual – as it entrenches real

democracy.  This is as a result of establishing a sufficiency and sustainability orientated local

economy that allows individuals to have work and a home.  In this way it addresses the greater

good, global consciousness in terms of sustainability. Transitions in the economic dimension, to a

mixture of the current economic paradigm and institutional economics focussed on sufficiency and

sustainability, would function in a pluralistic way.  While it would run in parallel with other

existing models operating in society, the local economy would develop and progress to sufficiency

and sustainability.  In this way, a pluralistic approach to economics is encouraged.  In decision-

making, the model considers the appropriateness of the intervention in view of adaptations within

the socio-technical landscape on which socio-technical regimes function.

The hypothesis of this study was that sustainability, including the conservation of the biosphere in

all its dimensions, could be approached successfully.  However, this would be in one limited area
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using mining waste residues in secondary beneficiation through the implementation of an

innovative model beyond mining in a new industrial sector.  This study contextualised

sustainability enterprises in the mining sector in the current neoclassical economic paradigm.  In

contrast to that, by adopting an alternative adaptive model, ideological, institutional, social

(including social well-being), demographic, and informational dimensions could be addressed.

This would not be at the expense of the economic and technological components of the biosphere

which would be similarly addressed. Sustainability beyond mining is possible provided that there

are transformations in systems to enable secondary beneficiation

5.3. Recommendations

The successful implementation of the conceptual model is dependent on the emergence of a

directed systemic network in seven dimensions with multiple sub-components in a dynamic space.

If the sustainability orientated model were to be employed or implemented, the recommendations

as outlined would need to be considered:

 In the ideological dimension the actors, institutions – government and the mining industry –

would engage and agree on a broader definition of sustainability.  Such a definition shows

that the current representation (society, economy, environment) of multiple interactions

between human activity and well-being with the environment, as too reductionist.  Accepting

the degree of complexity requires a broadening of the understanding of sustainability.

Sustainability could be discussed fruitfully in the complex adaptive systems context to allow

a different perception of all the dimensions involved in using mine waste residues from

secondary beneficiation.  To take the complexity of the system (the biosphere) into account,

the system could be described in seven dimensions.  Transition steps in the system would be

towards democratic pluralism.

 In the institutional dimension the actors, institutions and the individuals – government, the

mining industry, society – would engage on the basis of the broader definition of

sustainability, in a collaborative venture (which could be in the form of a triple helix or even

a double helix structure).  Such an arrangement means that industry would no longer be

directly responsible for the implementation of sustainability activities beyond mining,

beyond its core business.

 In the economic dimension the actors, government and the mining industry, would engage on

the basis of the broader definition of sustainability and developments in the institutional

dimension, on the assignment and measure of monetary and non-monetary value.
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