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ABSTRACT 
 
 
The mining industry in South Africa is complex.  It encompasses different 

types of mining operations, given the wide spectrum of operations from 

underground and open cast mining to the processing of the ore.  The mining 

industry has become increasingly aware of the need to activate sustainable 

mining operations and to reduce the environmental impacts of operations. 

This realisation was specifically brought about by the changes to 

environmental legislation.  

 

Companies within the South African mining industry should recognise that 

their long-term future and sustainability is inescapably linked to their ability to 

reduce their environmental impacts and continuously improve their overall 

environmental performance.  Being aware of their environmental costs (and 

benefits), company’s exposure to potential environmental problems can assist 

managers in their strategic planning and help them to reduce the company’s 

exposure to future environmental risks and liabilities.   

 

There is, however, an apparent lack of documentation of and accounting for 

environmental costs in a systematic and detailed manner and opportunities for 

cost savings are lost.  This study analyses and compares how mines are 

currently managing environmental costs and how this practice could be 

improved.  

 

The main problem, which is involved in attempting to carry out systematic 

identification of the potential for materials efficiency improvements lies in 
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traditional cost accounting systems, which are unable to provide relevant 

information on the company’s physical structure or materials flow. 

Environmental management accounting (EMA) is able to address this 

problem. 

 

The research method followed during this project is a combination of a model-

building study and a comparative study, using four case studies, to compare 

methods currently used by the selected mines and to refine the existing theory 

and model. Obvious differences between the various case studies are the 

different commodities mined and the different mining methods used.  The 

results show a number of similarities between the case studies in terms of 

what limitations were found in existing systems.  

 

Results indicate certain environmental costs, for example water, energy and 

consumables, were hidden; commonly accumulated in overheads by the 

current accounting systems.  Consequently these costs were being allocated 

in a manner that did not necessarily reflect their actual use. Failure to properly 

account for environmental costs meant that opportunities for improved 

financial performance had been overlooked.  Fairly minor or low cost changes 

to existing accounting systems could lead to substantial operational 

improvements. 

 

Building on the existing EMA framework developed by the international 

renowned experts, and following on the analysis of existing practices at 

selected mines, a framework has been developed for the mining industry. The 
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framework takes into account the unique characteristics of the mining 

industry. 

 

In summary, implementing EMA results in better decision-making.  

Environmental performance will be enhanced with less negative 

environmental impacts.  This will have overall potential cost savings resulting 

in better competitiveness and better legal compliance.   
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GLOSSARY 
 
 
Accounting The process of identifying, measuring and communicating 

information to permit informed judgements and decisions 
by users of the information. 
 

Activity An event, task or unit of work with a specific purpose.  
 

Activity based costing Approach to costing that focuses on individual activities as 
the fundamental cost objects.  It uses the costs of these 
activities as the basis for assigning costs to other cost 
objects such as products or services. 
 

Asset  A resource controlled by the enterprise as a result of past 
events and from which future economic benefits are 
expected to flow to the enterprise. 
 

Benchmarking The continuous process of measuring products, services or 
activities against the best levels of performance. 
 

Budget The quantitative expression of a plan of action and an aid 
to the co-ordination and implementation of the plan.  
 

Capital budgeting The process of making long-term planning decisions for 
investments. 
 

Contingency A condition or situation, the ultimate outcome of which, 
gain or loss, will be confirmed only on the occurrence, or 
non-occurrence, of one or more uncertain future events. 
 

Cost  Resource sacrificed or forgone to achieve a specific goal. 
 

Cost accounting Measures and reports financial and other information 
related to the organisation’s acquisition or consumption of 
resources.  It provides information for both management 
accounting and financial accounting. 
 

Cost-benefit approach Primary criterion for choosing among alternative systems 
or projects, which is how each system or project achieves 
organisational goals in relation to the cost thereof. 
 

Cost driver Any factor that affects total costs.    
 

Design of products, 
services or processes 

The detailed planning and engineering of products, 
services or processes. 
 

Direct costs Costs that are related to the particular cost object and that 
can be traced to it in an economically feasible way.  
 

Direct labour costs Compensation of all labour that is considered to be 
specifically identified with the cost object and that can be 
traced to it in an economically feasible way. 
 

Direct material costs The acquisition costs of all materials that eventually 
become part of the cost object and that can be traced to it 
in an economically feasible way. 
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Eco-efficiency The efficiency with which ecological resources are used to 

meet human needs. 
 

Effectiveness  The degree to which a predetermined objective or target is 
met. 
 

Efficiency  The relative amount of inputs used to achieve a given level 
of output. 
 

Economics A social science concerned with how people, individually or 
in groups, attempt to accommodate scarce resources to 
their wants through the processes of production, 
distribution, substitution, consumption and exchange. 
 

Environment Surroundings in which an organisation operates, including 
air, water, land, natural resources, flora, fauna, humans, 
and their interrelation. 
 

Environmental aspect Element of an organisation’s activities, products or services 
that can interact with the environment. 
 

Environmental costs Comprise of both internal and external costs relating to all 
environmental protection and environmental damage. 
 

Environmental 
economics 

The application of the principles of economics to the study 
of how environmental resources are developed and 
managed. 
 

Environmental impact Any change to the environment, whether adverse of 
beneficial, wholly or partially resulting from an 
organisation’s activities, products or services. 
 

Environmental 
management 
accounting 

The management of environmental and economic 
performance through the development and implementation 
of appropriate environment-related accounting systems 
and practices. 
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Environmental 
management system 
 

The part of the overall management system that includes 
organisational structure, planning activities, responsibilities, 
practices, procedures, processes and resources for 
developing, implementing, achieving, reviewing and 
maintaining the environmental policy. 
 

Environmental policy A statement by the organisation of its intentions and 
principles in relation to its overall environmental 
performance which provides a framework for action and for 
setting of its environmental objectives and targets. 
 

Expenses  Decreases in economic benefits during the accounting 
period in the form of outflows or depletion of assets or 
occurrences of liabilities that result in decreases in equity, 
other that those relating to distributions to equity 
participants. 
 

Externalities 
 

Externalities arise whenever the value of a production or 
consumption function depends directly upon the activity of 
others.  Externalities are unintended or incidental. 
 

Financial accounting Focuses on external reporting that is guided by generally 
accepted accounting principles. 
 

Fixed cost Cost that does not change in total despite changes in a 
cost driver.  Cost that remains unchanged in total for a 
given period of time despite wide changes in the related 
level of total activity or volume. 
 

Impact assessment A technical, quantitative and/or qualitative process for 
classifying, characterising and assessing the effects of 
resources required for production and any associated 
environmental loading. 
 

Indirect costs Costs that are related to the particular cost object but 
cannot be traced to it in an economically feasible way. 
 

Information  Purpose oriented data. 
 

Infrastructure costs Costs that arise from having property, plant equipment and 
a functioning organisation. 
 

Investment  Resources or assets used to generate income. 
 

Key success factors Factors that directly affect customer satisfaction such as 
cost, quality and time. 
 

Lifecycle assessment An objective process to evaluate the environmental 
burdens associated with a product, process or activity by 
identifying and quantifying energy and materials used and 
wastes released into the environment, to assess the 
impacts thereof and to evaluate and implement 
opportunities to affect the environmental improvements. 
 

Lifecycle costing System that tracks and accumulates the actual costs 
attributable to each product from start to finish. 
 

Management The application of accounting and financial management 
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accounting principles to create, protect, preserve and increase value 
as to deliver that value to stakeholders or enterprises. 
 

Non-product Outputs which do not leave the organisation as saleable 
products e.g. waste.   

Operating costs All costs associated with generating revenues, other than 
costs of goods sold. 
 

Opportunity costs The contribution to income that is forgone (rejected) by not 
using a limited resource in its best alternative. 

Planning  Choosing goals, predicting results under various ways of 
achieving those goals and then deciding how to attain 
these desired goals. 
 

Prevention costs Costs incurred to prevent defects from occurring during the 
design and production of products or services. 
 

Probability  Likelihood or chance of occurrence of an event.  
 

Product  Any output sold to a customer that has a positive sales 
value (or an output used internally that enables an 
organisation to avoid incurring costs). 
 

Production  The co-ordination and assembly of resources to produce a 
product or deliver a service. 
 

Provisions 
 

Provisions are recognised as liabilities because they are 
present obligations where it is probable that a transfer of 
economic benefits will be required to settle the obligation. 
 

Purchasing costs Costs of goods acquired from suppliers, including freight 
and transportation costs. 
 

Qualitative factors Outcomes that cannot be measured in numerical terms. 
 

Quantitative factors Outcomes that are measured in numerical terms. 
 

Revenues  Inflow of assets received in exchange for products or 
services provided to customers. 
 

Scrap  Product that has a minimal (frequently zero) sales value. 
 

Source documents The original records that support entries in a system.  
 

Stakeholders  Any individuals or groups having an interest in a company 
because the can affect and/or be affected by the 
company’s activities. 
 

Standard  Carefully predetermined cost or characteristic. 
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Sustainability Society and industry should not use more natural 
resources that what the natural environment can 
regenerate.  
 

Sustainable 
development 

Development that meets the needs of the present 
generation without compromising the ability of future 
generations to meet their own needs. 
 

Total cost assessment A decision-making tool that derives the total cost of 
conducting business in a particular manner, by including 
environmental costs traditionally placed into the overhead 
operating budget of an organisation.    
 

Uncertainty  The possibility that an actual amount or event will deviate 
from an expected amount or event. 
 

Unit cost Computed by dividing some total cost (the numerator) by 
some numbers of units (the denominator). Also called the 
average cost.   
 

Variable cost Costs that change in total in proportion to changes in the 
cost driver.  
 

Variance  Differences between an actual result and a planned result. 
 

Waste Materials that have been purchased and paid for but which 
have not been turned into marketable or saleable products. 
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CHAPTER 1: INTRODUCTION 

 

1.1 Introduction 

 

Mining by its very nature is financially expensive, environmentally invasive 

and socially intrusive, yet many countries have successfully managed to 

convert their mineral endowment into national wealth, providing the country 

with the economic means to address its environmental problems and social 

aspirations (UNEP, 2002:7). 

 

UNEP (2002:7) further states the mining industry (recently) has been 

experiencing a spate of accidents, intense social conflicts and political debate.  

In both developed and developing countries attention has been focused not 

only on the mining industry as a business, but on its financiers, investors, 

lenders, insurers and other stakeholders as the costs of mitigating 

environmental and social damage can be enormous.  Environmental, social 

and, increasingly, reputational issues are just a few of the many financial risks 

to be assessed by the mining industry. It is, therefore, important to assess 

thoroughly environmental performance as part of the normal credit appraisal 

process. 

 

There is a growing realisation amongst environmental scientists, as stated by 

various authors (Schaltegger & Burritt, 2000:54; IFAC. 2005:10; Copeland, 

1999:10), that sound environmental practices can influence a company’s 

profitability over the long term. This underpins the need for an investigation of 
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environmental management accounting and the urge for the mining industry to 

take action. 

 

The introduction and development of environmental management accounting 

is likely to mean that environmental costs become material considerations for 

company annual reporting.  There is also a further need to determine how to 

integrate non-financial environmental information into financial accounting 

systems because, as explained in IFAC (2005:20-22), an organisation must 

collect not only monetary data, but non-monetary data on material use, 

personnel hours and other cost drivers in order to assess costs (and material 

quantities) correctly. The existing environmental accounting models need 

refining to demonstrate that environmental management can be profitable and 

to develop an understanding of the links between environmental capital and 

sustainable development. 

 

 

1.2 Background and motivation 

 

The mining industry in South Africa is complex.  It encompasses different 

types of mining operations, given the wide spectrum of operations from 

underground and open cast mining to the processing of the ore (Fuggle & 

Rabie, 2003:340-351). Commodities mined in South Africa include, coal, gold, 

platinum group metals, diamonds, copper, zinc, manganese, vanadium and 

heavy minerals such as magnetite and zircon (Fuggle & Rabie, 2003:351-

355).  From a general point of view, the major environmental problems caused 



 
 
 

3 

by mining include air pollution, noise pollution, soil contamination as well as 

surface and subsurface water pollution (Ripley et al, 1996:89; Warhurst, 

1999:54; Fuggle & Rabie, 2003:355; Peck, 2005:6).  Subsurface water 

pollution is the most extensive and also contributes the most to environmental 

issues. 

 

The South African mining industry, according to the Chamber of Mines of 

South Africa (2005:8), has become increasingly aware of the need to activate 

sustainable mining operations and to reduce the environmental impacts of 

operations. This realisation was specifically brought about by the changes to 

environmental legislation (National Environmental Management Act, Minerals 

and Petroleum Resources Development Act).  

 

The changing environmental legislation in South Africa forces companies to 

become environmental responsible. As countries tighten environmental 

regulations and public concern about the mining industry grow, pressure 

increases on companies to minimise their environmental impacts and pay 

greater heed to local social issues. Compliance with increased environmental 

regulations and social expectations may increase companies’ capital and 

operating costs. This can impact on cash flow and profitability, a borrower’s 

ability to meet loan repayments and the value of the entire operation (UNEP, 

2002:7).  

 

For managers and operators to establish an understanding of environmental 

issues, they need to relate the environmental issues to the financial structrure 
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of a company.  Environmental management accounting (EMA), as a 

management tool, can improve business decision making by recogniting the 

increasing environmental challenges and opportunities facing companies. 

According to IFAC (2005:24) EMA supports:  

(a) environmental protection via cost-efficient compliance with environmental 

regulation and self-imposed environmental policies; 

(b) the simultaneous reduction of costs and environmental impacts via more 

efficient use of energy, water and materials in internal operations and final 

products; and 

(c) the evaluation and implementation of cost-effective and environmentally 

sensitive programme ensuring an organisation’s long-term strategic 

position. 

Bennett, Rikhardsson & Schaltegger (2003:6) also confirm that EMA has three 

value propositions as a management tool, namely: 

(a) the internal value of ‘pointing the flashlight’ towards the environmental 

issues of effectiveness and efficiency and of increasing the quality of 

management decision making; 

(b) the external value of addresing the potential for environmental impact 

reduction as a result of better decisions; and 

(c) the value of integrating monetary and environmental information and 

issues into decision making. 

 

‘Environmental accounting’ was rare little more than a decade ago.  As stated 

by Gray (2001:9), the term now relates to a widespread and exceptionally 

diverse range of activities that are neither easily defined nor codified. 
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The broad approach according to Howes (2001:37) is to identify where a 

company is in term of its environmental impacts, to determine appropriate 

sustainability targets or standards to aim for, and to work out the most cost-

effective way for that company to close the sustainability gap.  An 

environmental management accounting model should be capable of assisting 

mining companies to set targets, define policy and enable them to track their 

progress.  Complete monetary triple bottom line accounting may be 

impossible and numerous obstacles must be overcome (some real, some 

perceived), but the development of an environmental management accounting 

model could provide the information stakeholders need to facilitate the 

transition towards a more sustainable economy. It must be emphasised, as 

stated by IFAC (2005:25), that although management accounting traditionally 

supports internal decision making as its primary goal, many practitioners also 

view EMA as a support tool for external reporting to stakeholders interested in 

organisation-level environmental performance.   

 

Environmental, health and safety (EH&S) managers must be able to 

demonstrate their contribution to the financial bottom line.  Without a well-

grounded financial message, EH&S managers might struggle to obtain 

management commitment and resources (McDanniel, Gadkari & Fiskel, 

2000:126). 
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1.3 Problem statement 

 

There is an apparent lack of documentation of and accounting for 

environmental costs in a systematic and detailed manner and opportunities for 

cost savings are lost.   

 

This study analyses and compares how mines are currently managing 

environmental costs and how this practice could be improved.  

 

 

1.4 Hypothesis 

 

The implementation of an environmental management accounting (EMA) 

system will assist in strategic decision making on sustainable development. 

 

1.5 Aim and objectives 

1.5.1 General aim 

 

The aim of this study is to demonstrate that well documented environmental 

monetary and non-monetary information can contribute to better decision 

making.   

 

1.5.2 Specific objectives  

 

This study will also demonstrate that: 
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1.5.2.1 A well managed environmental programme, which includes true 

environmental costs, could make a positive contribution towards the 

triple bottom line of a company;  

1.5.2.2 Managed in a more structured way, environmental costs will assist 

in identifying potential areas of environmental improvement;  

1.5.2.3 Structured and accurate environmental information, monetary as 

well as non-monetary, can contribute towards more accurate 

information incorporated into sustainability reports. 

  

1.6 Previous research 

 

During 2001, KPMG surveyed 19 companies from the following industry 

sectors; mining and metals (7), parastatals and utilities (5), oil and chemicals 

(4) and motor manufacturing (3) (KPMG, 2001).  The findings of the survey 

suggest that there is a growing awareness of the significant financial 

implications of environmental performance and that environmental accounting 

practices are gradually increasing.  The (current) application of environmental 

accounting, however, was shown to be at extremely low levels.     

 

The survey findings show that only seven companies (37%) claimed to have 

any environmental cost savings information, while only five companies (26%) 

responded with actual financial data on environmental costs savings, cost 

avoidance and revenue.  This probably reflects the current lack of formal 

environmental accounting systems, which would enable such information to 

be constantly tracked and easily accessible (KPMG, 2001:5).   
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As early as 1991, the Chamber of Mines of South Africa, considered sending 

out a questionnaire to obtain data on mine expenditure on integrated 

environmental management.  To determine if a questionnaire requiring 

reporting of environmental management costs (divided between working costs 

and capital expenditures) could be completed without difficulty and provide a 

breakdown of costs comparable between mines, interviews with mine 

managers and persons responsible for environmental management were 

conducted.  Some of the responses, as indicated by the Chamber of Mines 

(1991:1), were: 

• Environmental costs are not generally itemised in traditional mine 

accounting systems.  Availability of data varies greatly, and the extent to 

which expenditures are underestimated is unknown.  It will be difficult, if 

not impossible, to derive a reasonable total estimate of expenditure from 

environmental costs reported by mines. 

• Unless specified in detail, definitions of terms vary from mine to mine.  

Even where data are available, comparability may be a problem.  

• Mine expenditures are only part of the picture.  To ascertain industry 

expenditure on environmental management, related research, head office 

expenditures not budgeted mine by mine, joint activities with government 

and industry, as well as academic research would have to be included. 

The Chamber of Mines (1992a) sent a questionnaire to gather information on 

environmental management costs. (Annexure 1.)  Some of the comments 

received were: 
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• It would be very difficult for [these] mines, especially the smaller mines, to 

obtain the relevant data for environmental costs as their present costing 

system do not allow for this 

• It would be possible to obtain some estimate, which could be regarded as 

a reasonable reflection of these costs 

• The difficulty is to extract cost figures from the operating accounts that will 

result in comprehensive and meaningful figures to cover the individual cost 

headings which relate to the various activities 

• Cost information may be available from: 

(i) historic records of project costing undertaken before a change in 

practice was introduced; 

(ii) annual budget estimates of the cost of each activity on the mine; 

and 

(iii) estimates of capital expenditure on major projects. 

• The information, if any exists, which is collected by the mines is not in a 

format that easily reveals the specific data being sought 

• Information collecting and storage systems are so different from one mine 

to another that any general purpose questionnaire is bound to create 

confusion with the personnel at the mine 

• When mine personnel do not properly understand the nature of the 

information required to complete the questionnaire, or the relevance, 

importance and purpose thereof, the information that is returned is often of 

limited value, and its validity may be in question. 
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The issue of a questionnaire to gather data on integrated environmental 

financial costs and expenditures was discussed during the following couple of 

Environmental Management Sub-Committee meeting at the Chamber of 

Mines.  The members could not agree on the primary purpose of the 

questionnaire or a definition of the different environmental costs.  During the 

September 1992 meeting, it was proposd that the entire matter should be 

reviewed.  According to the Chamber of Mines (1992(b):7) it was decided at 

the December meeting that the item ’Questionnaire: Financial implication of 

integrated environmental management’ should be removed from the agenda.  

The result was that after eighteen months of discussions, the mine still had 

not reported on any environmental costs and expenditures. 

 

To the author’s knowledge, the survey done by KPMG is the only formal 

survey on environmental accounting practices in South Africa, to date. None 

of the mining companies in South Africa have as yet implemented 

environmental accounting systems.  

 

Documented international environmental management accounting practices 

documented are from industries in the following sectors: education, plastic 

manufacturing, office services, wool processing, financial institutions, paper 

and pulp, energy, forestry as well as chemical and oil companies (Shields, 

Beloff & Heller, 1996; Gale, 2001; Jasch, 2002; Deegan, 2003).  The United 

States Environmental Protection Agency (USEPA) undertook the first 

significant studies starting in 1995 and included organisations such as Ontario 
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Hydro and also the electroplating industries (USEPA 1995, 1996, 1997).  No 

international case studies looking at the mining sector could be obtained. 

 

It is evident that, on an international level, only a few companies within certain 

industrial sectors have implemented, or started to implement environmental 

management accounting.  

 

The importance of the mining industry’s involvement and implementation of 

EMA is that for the past five years, approximately 10 large companies have 

dominated the global mining industry whose total market capitalisation was 

approximately US$92 billion for 2002 (UNEP, 2002:8).  And while minerals 

and metal products are important for a technological society, mining itself has 

a huge impact on surrounding communities, leaves a large environmental 

footprint and is controversial largely because of issues related to economic 

rent and high external costs. 

 

In the South African context, mining, according to Baxter (2007a), remains a 

key pillar of the South African economy. In 2006 the mining industry: 

• Accounted for 7% of Gross Domestic Product (GDP) directly, although the 

indirect multiplier effects take the contribution to about 18.4% of GDP in 

total. The indirect multipliers include backward linkages (e.g. transport, 

professional services, etc.), forward linkages (e.g. electricity generation) 

and the induced effect via mining generated incomes 

• Directly accounted for 6.5% of total fixed investment in the economy and 

for 9.1% of total private sector investment, versus 6.3% and 8.7% 
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respectively in 2005. If the multiplier effect is taken into account, mining 

helped generate about 16% of total investment in the economy. The 

reason for the rise in the contribution of mining is because of the 

encouraging recovery in real mining investment, which grew by 14.5% in 

2006 following declines of 20% in 2004 and 13.2% in 2005 

• Contributed R140-billion to SA exports, representing 32.3% of the 

country’s total merchandise exports and accounting for 25.2% of the 

country’s total foreign exchange earnings. In terms of foreign exchange 

earnings per unit of GDP, mining is the most foreign exchange generative 

sector of the economy 

• Directly employed an average of 458 600 workers in 2006, versus 444 132 

in 2005.  On an indirect basis it is estimated that another 152 800 workers 

are employed in associated industries that either supply products to, or 

use products from the mining industry (the multiplier linkages of the 

industry).   Around five  million people are directly dependent for their daily 

subsistence on mine employees 

• Accounted for 6.3% of the people employed in the non-agricultural formal 

sector of the economy and 8.1% of the total private sector of non-

agricultural employment in 2006.  If the multiplier and induced effects of 

the mining industry are used, the contribution to employment as a result of 

mining rises to about 20% of total non-agricultural formal sector 

employment in South Africa 

• Paid R40 billion in wages and benefits to employees, which accounted for 

about 5.4% of the total compensation paid to all employed people in the 
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country in 2006.  This contributed substantially to domestic demand in the 

South African economy 

• Paid R16.2 billion in direct taxes and a substantial portion of indirect taxes 

to the fiscus in 2006. Mining direct taxes accounted for about 12.4% of 

total company tax paid to government 

• Was the world’s largest producer of alumino-silicates, chrome, ferro-

chrome, gold, platinum group metals, vanadium and vermiculite.  The 

industry was also a significant supplier of aluminium (world rank 9), 

antimony (7), coal (5), ferro-manganese (4), ferro-silicon (6), iron ore (7), 

manganese ore (2), nickel (9), phosphate rock (10), silicon (8), titanium 

minerals (2), uranium (11) and zirconium (2). 

 

1.7 Research method 

1.7.1 Method 

 

The research method followed during this project is a combination of a model-

building study and a comparative study, using case studies, first to compare 

methods currently used by the selected mines and, secondly, to refine the 

existing theory and model.   

 

The method used includes the following basis: 

• Normative – a model for EMA is proposed 

• Qualitative – it is not based on questionnaires, but on action research 

• Inductive – the results of the case studies are generalised to a model 
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• Multi-disciplinary – economic, technical and environmental issues are 

reflected in the analysis and proposed model.  

 

An hypothesis was formulated after a thorough literature study on existing 

principles and procedures of environmental management accounting as a 

management tool.  Current international practices were studied and the use of 

environmental management accounting in the mining industry investigated. 

 

Against the background as discussed in the first few chapters, this research 

study was undertaken and the existing EMA model refined and finally an EMA 

model developed for the mining industry in South Africa.   

 

1.7.2 Site selection 

 

Three mines were selected according to the following criteria: 

• Two different sectors (gold and coal mining sectors) 

• Different types of mines (open cast and underground mines) 

• Different life of mine 

• Different understanding of EMA by the mine personnel 

• Different stages of environmental management system implementation. 

 

The willingness to co-operate by the mine environmental managers also 

played a major role regarding in the final site selection. 
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1.7.3 Workshops and meetings 

 

Preparatory meetings were held with the environmental managers at all the 

selected sites to explain the project and arrange the confidentiality 

agreements to be prepared.  These agreements were necessary, as some of 

the financial information used was not published and therefore confidential. 

 

After the confidentiality agreements were signed the first workshops were 

held.  The environmental manager, accountant, engineering manager and 

process engineer as well as the project team attended the workshop.  The aim 

of these workshops was to explain the project to everybody present and to 

start the information gathering process. Two more follow-up workshops were 

held to discuss the mining process and all the costs associated with each 

activity.  The members present also discussed the percentage allocation of 

costs necessary.  The final workshop was to verify that all the necessary 

information was incorporated. Individual meetings with relevant personnel 

were arranged where needed. 

 

1.7.4 Information gathered 

 

Mine information was collected on the environmental issues identified during 

the workshop.  Information was compiled from publicly available sources, that 

is, annual reports, and other documentation from the mines themselves. 

Financial information of each mine, or business unit, was obtained in either 

electronic or hard copy.  These included the following (where available): 
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• Environmental Management Programme Report (EMPR) 

• Budget books 

• Trust fund information 

• Closure plan 

• General ledger. 

 

Available environmental related costs were extracted and put in the 

environmental management accounting matrix according to the United 

Nations guidelines.  The cost categories, as identified by the researcher, were 

compared to the cost allocation used by the companies. 

 

1.7.5 Compilation of the EMA model for the mining industry. 

 

The existing UN matrix was refined and the cost and revenue categories 

defined specifically for the mining industry. 

 

 

1.8 Difficulties and limitations encountered during the study 

The main difficulty encountered in carrying out this study was the collection of 

relevant, comparable and useful information about environmental costs.  The 

main challenge is that most South African mining companies are still, even 

today, in the process of developing environmental management and 

information systems.  This is the result of a number of factors including the 

comprehensive restructuring in the mining industry, increases in regulatory 

requirements relating to environmental management and a greater sensitivity 
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to environmental issues.  It must be stated that the difficulties encountered in 

collecting the information on environmental costs were not at any stage 

because of unwillingness on the part of the companies involved in this study.  

It was simply that they did not have the relevant information systems in place 

to be able to provide what was requested. 

 

The following problems were encountered during the study: 

• Data – not properly categorised 

• Access to data is controlled because of confidentiality 

• Data sources incomplete 

• Data inaccessible because of changing accounting systems 

• High staff turnover at the mines 

• EMA as new concept 

• Financial information regarded as confidential 

• Fragmented availability of data 

• Different departments/business units held different sets of data. 

 

Other constraining factors were: 

• Although there is a large amount of information available, there is a 

scarcity of uniform and comparable data on which to base the findings 

• The graphs indicating percentages are not weighted by mine employees 

or production values.  The graphs represent actual figures obtained from 

the mines. 
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Some information was unavailable to the author owing to the confidentiality of 

the information or fear by the mines that the information could be used 

inappropriately to identify potential environmental non-compliance.  However, 

this study demonstrates the feasibility of the analysis of existing environmental 

cost information, even though based on limited data sources. 

 

 

1.9 Outline of the thesis  

 

Chapter 1 describes the problem statement and hypothesis against the 

background of previous work done by the Chamber of Mines of South Africa, 

other institutions and other researchers. 

 

Chapter 2 introduces the reader to a brief history of mining in South Africa.  

Coal and gold as natural resources are described with the emphasis on the 

importance of these natural resources for the county’s economic growth.  The 

environmental impacts associated with mining are alluded to as background to 

the regulatory framework and environmental management tools discussed 

later in the thesis. 

 

Chapter 3 sets the South African regulatory framework for mining against 

international conventions and declarations.  General and specific legislation 

explains the importance of legislative compliance to minimise non-compliance 

costs.  This chapter also identifies environmental issues regulated by law, 

which have cost implication for the mines. 
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Chapter 4 focuses on environmental tools available to assist the altered 

management and organisational behaviour styles. The importance of 

managers understanding the basic concepts of environmental management 

and how it fits into the modern management framework towards sustainable 

development, and for them to be able to incorporate environmental 

management into their mosaic of managerial activities. 

 

Chapter 5 forms the basis of the EMA argument and explains that the 

principal aim of environmental management accounting should be accounting 

for sustainability. This chapter also explains that without adequate and 

appropriate systems to account for such environmental costs, it is unlikely that 

companies will be able to meet the future expectations of their customers and 

stakeholders toward sustainable development and the requirements of more 

stringent environmental legislation. 

 

Chapter 6 contains all the results obtained from the different mines in the form 

of case studies.  The differences between the various case studies, bearing in 

mind the fact that different commodities are mined and different mining 

methods are used. The results also show that there are quite a number of 

similarities of the awareness and limited implementation practices of EMA.  

 

Chapter 7 comes to the conclusion that companies within the South African 

mining industry should recognise that their long-term future and sustainability 

is inescapably linked to their ability to reduce their environmental impacts and 
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continuously improve their overall environmental performance. An 

environmental management accounting model, based on the UN matrix, 

which is supported by International Federation of Accountants (IFAC), is 

recommended and areas for further research and development are identified. 
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CHAPTER 2: MINING AND THE ENVIRONMENT 

  

2.1 Introduction to mining 

 

Mining is a huge global industry.  The term ‘mining’ includes operations 

employing tens of thousands of people and moving millions of tons of ore and 

rock a month.  Mining is carried out in almost all conceivable locations, from 

tropical jungles to the high Arctic, from 4 000m above sea level to almost 4 

000m below surface.  A vast range of minerals is mined, requiring very 

different extraction and processing operations (MRF-environment, S.a.:1). 

 

The chronological development of mining technology bears an important 

relation to the history of civilisation. As one of the earliest enterprises of 

mankind, mining and its development link closely with cultural progress 

(DMTC, online).  It is no coincidence that the different ages of mankind are 

associated with minerals and their uses. Today, the mineral industry still 

influences the lives of all people. 

 

2.2 Mining in South Africa 

 

South Africa’s participation in mining can be traced to the Early Iron Age (300 

to 1000 AD) when copper and iron deposits were first mined at Phalaborwa in 

the history of mining in South Africa (Lang, 1989; Viljoen & Reimold, 1999; 

Chamber of Mines, 2001).  According to these authors, the first humans, in 

South Africa, to extract natural resources, were the cavemen during the Stone 
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Age.  Excavations in the Bomvu ruins in Swaziland date back 40 000 years 

ago and open cast mines discovered near Phalaborwa date to 800 BC.  A 

brief history of some of the South African mining activities is summarised in 

Table 2.1. 

 

South Africa’s exceptional mineral wealth, as described by Viljoen & Reimold 

(1999:14), is a consequence of its long and complex geological history. For 

more than 100 years, minerals have been the cornerstone of the South 

African economy. 

 

The mining and quarrying industry has always been, according to Statistics 

SA (2004:7-8) and the Department of Minerals and Energy (DME) (2005a:5), 

an important industry in South Africa’s economy (especially during the early 

stages of economic growth).   

 

Baxter (2007b) states that the economy is the way it is because of mining. 

Mining created a heavy engineering sector, generated the income that built 

South Africa’s consumer industries, and financed the manufacturing sector.  

The needs of mining drove the development of the country’s sophisticated 

capital markets and business law, a kindled and ability to handle large and 

technologically complex processes.  Johannesburg, one of the largest centres 

of production in the southern hemisphere, would not have existed without 

mining.  While all of this is of interest mostly to historians, the fact, as stated 

by Baxter (2007b), is that mining provided the critical mass for industrial 

development in South Africa.  
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Table 2.1. A brief history of mining in South Africa. Adapted from Malan 

(1968:65-73) and Lang (6-12).   

Year Activity Ore type 

1685 Discovery of copper deposits in Namaqualand Copper 

1840 Discovery of coal in Natal Coal 

1852 Establishing of the first copper mine near Springbok Copper 

1859 Discovery of coal in the north-eastern part of the Cape Coal 

1867 First diamond ‘Eureka’, weight 21,75 carats, discovered near Hopetown  Diamond 

1868 First documented gold discovery by Carl Mauch near the Olifants 

River  

Gold 

1869 Discovery of the ‘Star of South Africa’ a 82,5 carat diamond Diamond 

1871 Discovery of the De Beers and Kimberley diamond pipes Diamond 

1872 Discovery of alluvial gold near Sabie (Pelgrimsrus) Gold  

1875 Discovery of the Koffiefontein diamond pipe Diamond 

1879 Exploration starts at Vereeniging Coal 

1882 Opening of the power station near Kimberley.  Receive coal from 

Vereeniging 

Coal 

1883 Discovery of a major reef in the district of Barberton and 

prospecting starts 

Gold 

1886 Discovery of the Witwatersrand reef. Mining activities start Gold 

1890 Delivery of coal to the gold mines Coal 

1902 Discovery of the Premier diamond pipe near Pretoria Diamond 

1905 Discovery of the ‘Cullinan diamond’ a  3025,25 carat diamond Diamond 

1924 Discovery of platinum north-west of Rustenburg by Dr Hans Merensky Platinum 

1926 Discovery of alluvial diamonds near Lichtenburg and Ventersdorp Diamond 

1951 Sigma coal mine starts as well as the Sasol plant to produce petrol 

from coal 

Coal 

1952 Vaal Reefs Exploration and Mining Co. opened Gold 

1955 First fuel produced from coal Coal 

1960 Coalbrook mine disaster Coal 

1967 Establishment of Impala Platinum Mine Platinum 

1976 Opening of Rietspruit Mine near Ogies (open cast mining) Coal 

1990 Underground mining starts at Rietspruit Mine Coal 

 

Mining, according to Baxter (2007a, 2007b), remains a key pillar of the South 

African economy. In 2006 the mining industry accounted for 7% of gross 
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domestic product (GDP) directly, although the indirect multiplier effects take 

the contribution to about 17.2% of GDP in total. The indirect multipliers include 

backward linkages (e.g. transport, professional services, etc.), forward 

linkages (e.g. electricity generation) and the induced effect via mining 

generated incomes.  

 

Minerals development is often seen by many as an engine of economic 

development at a national level, while locally, communities look to the sector 

to provide employment, infrastructure and skills development to compensate 

them for the risks and impacts associated with mining (DEAT, 2007:46). While 

the total number of employees in the mining industry has declined over the 

last decade, average remuneration has increased and the fraction of mining 

revenue going to wages has decreased only slightly (DME, 2005a:10).  

 

The significance of mining in the South African economy, as shown above, 

forms the basis of this research project.  Gold and coal, being two of the most 

important commodities mined, were identified as the subjects to be 

investigated. 

  

2.3  Coal and gold as natural resources 

 

2.3.1 Coal 

 

Coal is one of the unsung heroes in the South African economy and provides 

about 70% of South Africa’s primary energy needs (Baxter, 2007b).  Baxter 
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further explains that the vast majority of South Africa’s coal production and 

sales are thermal coals with only limited coking coal production.  South Africa 

is the fifth largest coal producer and the sixth largest coal consumer in the 

world and has estimated recoverable reserves of approximately 34.2 billion 

tons or 4.4% of the world’s total reserves (Baxter, 2007b). 

 

The growing coal market, which South African coal producers will increasingly 

access through the expansion of the Richards Bay Coal Terminal to 91 million 

tons per annum, by 2009, plus expected increases in coal electricity 

generation by 2025, appear to provide significant opportunity for growing the 

coal mining sector (Baxter, 2007b). However, as stated by Baxter (2007b) 

around 87% of South Africa’s current coal exports go to the slow growth 

market of Europe, and the coal mining industry, therefore, faces a number of 

challenges.  

 

South Africa’s coal exports, according to Baxter (2007b), declined by 3% to 

68.9 million tons in 2006 as the combined effect of production disruptions in 

the first quarter of 2006 and some infrastructure challenges (derailments) 

hampered exports.  European demand for coal softened considerably during 

2006, mainly as a result of a relatively milder winter resulting in a decline in 

South Africa’s exports to Europe by 5.2% in 2006 (from 54.4 million tons in 

2005 to 51.3 million tons in 2006). 

 

Baxter (2007b) also points out that the average coal price received in the 

domestic market increased by only 7% to R92 per ton in 2006 and export 
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coals achieved an average price of R312 per ton — an increase of 5.5% on 

the 2005 price.   

 

South Africa’s collieries range from among the largest in the world to small-

scale producers with output in the range of 5000 to one million ton per month 

(Mining, S.a.:16).   

 

Geology 

 

The geology of the coal reserves is important as mining methods depend of 

the basic geology of the ore body, which ultimately determines the cost of 

mining and the environmental impacts associated with the mining methods.  

 

Coal reserves in South Africa are found in sediments of Permian age, which 

overlie a large area of the country.  They generally occur as fairly thick, flat, 

shallow-lying coal seams.  In the country’s most productive coal field, five 

major coal seams, numbered from bottom to top as No. 1 — 5, occur at 

intervals within a sedimentary sequence deposited during a 35-million year 

geological time period. Only two of the seams are mineable over most of the 

area. These are the No. 2 and 4 seams, which are usually separated by 

sediments of a total thickness in the order of 20 — 30 m (Hodgson & Krantz, 

1998; Viljoen & Reimold, 1999). 
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2.3.2 Gold 

 

Baxter (2007b) explains that while South Africa still retains its position as the 

world's largest gold producer, the country's gold production has declined 

sharply over the past decade. Increasing costs, volatile revenues and some 

ageing mines contributed to production falling in 2006 to the lowest level since 

1922.  

 

‘The South African gold mining industry has been through a tumultuous period 

of the past five years. In 2002 the sector was looking prosperous as the Rand 

price had risen to R104 000 per kg. The Rand appreciation a few years later 

(in 2004) forced the industry into an aggregate loss-making position (before 

capex). The scramble was then on for the survival of many operations, costs 

and capex were cut, unfortunate retrenchments had to be made and the 

decline in production accelerated, as less gold was viable to mine from 

underground.  2004 was the first year in over 45 years of consistent data that 

the South African gold mining industry made an actual overall loss before 

capex. In the period 2002 to 2006 gold production fell by an average of 6.8% 

per annum and the contribution of gold mining to the economy shrunk by 23% 

between 2002 and 2005. Fortunately, by 2006 the price had risen to R130 000 

per kg, and prospects were looking good again. Nevertheless, costs have 

escalated at an alarming pace to place the industry under pressure again’ 

(Baxter, 2007b). 

 

The industry will forfeit the short-term benefit of higher gold prices and the 
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companies will again be vulnerable to downturns in prices with mining costs 

(excluding capex) already escalating at 7.9% per annum over the past five 

years till 2006. All stakeholders will have to play a substantial role in 

moderating cost pressures (by productivity improvement of capital, labour, 

management and technology and by moderating input cost increases) 

(Baxter, 2007b).  

 

South Africa has an estimated 40% of the world's known gold resources. 

Estimates further suggest that 35 000 to 40 000 tons of gold are still in the 

Wits basin of which 25 000 to 30 000 tons are below the technology frontier 

(i.e. deeper than 4 000m), which leaves 10 000 to 15 000 tons as possibly 

accessible. Of this, and depending on the economic fundamentals of the 

industry, between 5 000 and 10 000 tons is economically recoverable. So 

South Africa still has a significant base of gold ore that could be mined, 

provided it is economically viable to do so (Clement & Forster, 2000:14; 

Baxter, 2007b). 

 

The development of the technical capacity to mine deep-level gold ore bodies 

has seen South Africa become a world leader in deep-level mining 

technology. This has led to gold mining becoming even more capital intensive. 

Massive capital is required for ventilation, cooling, hoisting, underground 

tunnelling and surface processing plants, and the need for the mines to be 

operated by large numbers of workers, particularly in hard rock mining. In the 

case of gold mining, the depth of operations has increased to levels of four 

kilometres below the surface in some cases (Clement & Forster, 2000:14). 
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Unfortunately, South Africa is already the world's most expensive large-scale 

producer, as illustrated in Table 2.2 and Figure 2.1, and any further significant 

rise in costs will not only erode this competitiveness position, but will also 

undermine potential investment in the sector as investors seek lower cost 

alternatives. At a total production cost per unit level, South Africa was 6.3% 

more expensive than the developed country producers (Australia, Canada and 

the USA) and a significant 32% higher than the average of other major 

emerging market producers. South African mines are going deeper to access 

gold at deeper levels and this does have cost implications. However, certain 

input costs are a hindrance to competitiveness (such as steel), while other 

costs have been a benefit (such as low cost electricity) (Baxter 2007b). 

 

Table 2.2.  Gold production costs (US$) per country.  Source: GFMS as cited 

by Baxter (2007b). 

 

Gold producing countries Net cash cost / oz 

(2006) 

Total costs/oz (2006)  

[ave gold price $604 ] 

Australia 327 433 

Canada 323 433 

South Africa 381 459 

United States 357 430 

World Average 268 348 
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Graph 2.1 Gold production total cost trends for South Africa, the average of 

Australia, Canada and the USA and other producers versus the gold price. 

Source: GFMS as cited by Baxter (2007b). 

 

With labour costs accounting for over half of cash production costs and 

electricity accounting for 10% and steel about 10% of costs any substantial 

rises in the these costs will exacerbate local cost pressures, raise the cost 

structure and make the South African industry more uncompetitive (Clement & 

Forster, 2000:14; Chamber of Mines, 2006; Baxter, 2007b). 

 

The South African gold mining industry is at a critical crossroad. Failure to 

agree to a set of measures to prolong the life of the industry will surely result 

in an acceleration of the rate of decline in production to the detriment of the 

country as a whole. It is important for stakeholders to consider strategies to 

constrain cost increases, to improve the productivity of all inputs (capital, 
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labour, management and technology) and to improve competitiveness, grow 

investment and sustain production in the South African gold mining industry 

(Clement & Forster, 2000:14; Baxter, 2007b). 

 

Geology 

 

South Africa's main gold producing area is concentrated on the Archaean 

Witwatersrand Basin. The Witwatersrand basin, which has been mined for 

more than 100 years and has produced more than 41 000 tons of gold, 

remains the greatest unmined source of gold in the world. Unlike most other 

global gold deposits, the Witwatersrand ("Wits") is a gold placer deposit, with 

gold being hosted by conglomerates and grits. The Wits sedimentary basin is 

massive and stretches through an arc of approximately 400km across the 

Free State, North West and Gauteng provinces. The gold bearing 

conglomerates or reefs are generally tabular with varying dips. Most of the 

Wits basin is covered by later stage sediments of the Ventersdorp and Karoo 

groups, with the Wits outcropping in Johannesburg, which started the Wits 

gold rush over 100 years ago and resulted in formation of the city of 

Johannesburg (Hodgson & Krantz, 1998; Viljoen & Reimold, 1999; Mbendi, 

2003:1, Fuggle & Rabie, 2003.). 

 

2.3.3 Cost trends in the mining sector 

 

One of the challenges facing the global mining industry and thus also the 

South African coal and gold mining sectors, according to Baxter (2007b), is 
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rising input costs.  Inputs such as diesel, skilled labour, steel, cement and 

explosives, have all faced upward pressure in the last few years.  In South 

Africa key inputs are provided by monopoly service providers where prices 

may not be the internationally acceptable prices – this reduces the cost 

competitiveness of the mining sector. Costs have also risen because of 

shortages in key areas such as large capital equipment and consumables, 

e.g. large tyres (Baxter, 2007b). 

 

2.3.4 National resource accounts  

 

Mining, as described in chapter 1, forms an integral part of the primary sector 

of the South African economy. It should be clear that natural resources form a 

vital input in the economic process and it is not without reason that land 

(natural resources) is one of the important economic production factors in the 

country (Blignaut, 1995:27). 

 

Blignaut (1995:23) goes on to say that environmental accounting is one very 

important cornerstone of sustainability within the mining industry.  

Environmental accounting, as described by Blignaut, is the act of ascribing a 

value, a monetary unit, to what was previously conceived of as free (or as 

unimportant) – the environment and natural resources.  The real value of 

environmental accounting is that it transforms what was eroneously viewed as 

free and described only in terms of physical stock or in terms of physical 

quality indicators into monetary terms that are not only easily understandable, 

but comparable. 
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Aspects that have an impact on the value and therefore the valuation 

calculations of the natural environment, which include coal and gold as natural 

resources, are scarcity, defensive expenditure and depreciation.  Defensive 

expenditures, according to Blignaut (1995:96), are expenditures that can be 

attributed to unwanted impacts of industrial mining processes. Water, as input 

resource within the mining process, is also important when determining the 

value of the natural environment.   

 

The System for integrated Environmental and Economic Accounting (SEEA) 

was developed by the UN to provide a conceptual basis for implementing the 

1993 satellite system.  The SEEA describes the interrelationships between the 

natural environment and the economy. The main purpose of the SEEA is to 

support integrated social, economic and environmental policy by means of a 

combined information system (Statistics SA, 2004:4; OECD, 2006:23). 

 

The integrated physical and monetary accounts of the SEEA consist of flow as 

well as asset accounts. Flow accounts are established for products, non-

produced raw materials and residuals. Product flow accounts show the supply 

and use of products in terms of physical units (normally expressed in tons). 

Non-produced (raw materials) flow accounts give a picture of the origin and 

destination of the flows of material inputs from the natural environment to the 

economy. The flows of non-produced raw materials can be disaggregated by 

type of material. Residual flow accounts are subdivided according to the 

destination of residuals, that is, their discharge into the natural environment or 
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into environmental protection facilities (Statistics SA, 2004:5).  Annexure 2 

gives the physical and monetary mineral accounts for coal and gold 

respectively.  Information contained in these tables was collected from 62 coal 

and 39 gold mine operations in South Africa. 

 

Water resource accounts, similar to the mineral accounts discussed above, 

provide an accounting framework that enables the integration of specialised 

physical resource sector data with other information on the economics of 

water supply and use (Statistics SA, 2006:1).   The physical accounts provide 

information on the volumetric supply and use of water.  The monetary 

accounts provide a basket of measures that describe the economic and 

welfare impacts of water supply and use (Statistics SA, 2006:1).  The 

importance of water to mining process is discussed in section 2.5.  

 

According to Lange (2003:27), physical flow accounts are used to assess 

pressure on the environment and to evaluate alternative options for reducing 

pressure on the environment.  The flow accounts monitor the time trend or 

resource use, pollution emissions and environmental degradation, both in total 

and by industry.  

 

It is therefore clear that the information necessary for environmental 

management accounting on a micro scale at mine level is a valuable source of 

information to feed into the macro national resource accounts. 
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2.4 Mining and processing 

 

The mining processes are described by various authors (Ripley et al, 1996:10; 

Gold Institute, 1997:1; Van Zyl, 2000:13; Fuggle & Rabie, 2003:340; Mining 

and processing of gold, S.a.:1) and must be understood to enable 

environmental managers to identify impact and the associated environmental 

costs. Annexure 3 describes the mining processes, both underground and 

open cast, by means of flow diagrams. 

 

Mining activities take place in six sequential stages: 

• Exploration, which may involve geochemical of geophysical techniques, 

followed by drilling of promising targets and the delineation of ore bodies 

• Development, i.e. preparing the mine site for production by shaft sinking or 

pit excavation, building access roads and constructing surface facilities 

• Extraction, i.e. ore removal activities that take place at the mine site itself, 

namely extraction and primary crushing 

• Beneficiation or concentration, which takes place at a mill, usually not far 

from the mine site; at this point, except for coal, a large fraction of the 

waste material is removed from the ore 

• Further processing, which includes metallurgical processing and one or 

more phases of refining 

• Since every ore body is finite, a final decommissioning or closure stage is 

required through which the disturbed area is returned to its original state or 

to a useful alternative. 
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Each of the six stages involves several different processes, the choice of 

which is governed by such factors such as the type of ore and ore body, the 

geographical location of the ore body, the availability and cost of ancillary 

materials, energy, manpower and markets, and environmental considerations.  

 

2.4.1 Coal mining methods 

 

Different coal mining methods are used, according to Longwall Coal Mining 

(2003:2), Fuggle & Rabie (2003:340 — 341) and (Surface mining method, 

2003:1), four of which are used in South Africa (Van Zyl, 2000:13). 

 

a) Bord and pillar is applied where seams are relatively shallow and rock 

pressure is generally low. The coal is mined in a checker-board pattern, 

leaving coal pillars as roof supports. This results in extraction rarely 

exceeding 50%. (Room and pillar is a form of bord and pillar with the 

difference that coal is mined in longer sections with pillars left to form a 

room). 

b) Open cast mining is applied where seams are shallow enough to allow 

the overburden to be stripped and then replaced into the voids. 

Extraction rates of 90% or more are achieved with this method. 

c) Longwalling involves the extraction of coal by electrically-driven drum 

shearers or ploughs travelling along the face and discharging the coal 

on to conveyors. The roof is supported by hydraulically operated 

canopies, which move forward behind the shearer, allowing the roof to 

collapse behind them. High extraction rates are possible, but the 
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method is only suitable where the seam is undisturbed, or nearly so.  

d) Pillar extraction or stoping involves the extraction of the pillars left 

behind by the bord and pillar method and is applied using a retreat 

system allowing the roof to collapse. 

 

About 38% of South Africa's coal is mined underground by bord and pillar 

methods which are almost entirely mechanised, about 3.7% by longwalling, 

9.2% pillar recovery (stoping) and approximately 49% is mined by open cast 

methods. Since 1990, the trend has been towards increased use of open cast 

methods (Van Zyl, 2000:14). 

 

Typical infrastructure at a main shaft of an underground mine includes: 

• Service shaft with headgear 

• Ventilation shaft with associated ventilation equipment 

• Offices 

• Change houses 

• Lamp rooms 

• Electrical substations 

• Workshops 

• Service water dams/reservoirs/water towers  

• Incline shaft 

• Surface ore bunker  

• Sewage treatment plant and 

• Evaporation pond for contaminated water. 
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It is essential to understand the complexity of a typical mine to be able to 

identify environmental costs associated with the operations and infrastructure. 

 

2.4.2 Gold mining methods 

 

The process of gold mining consists of the following steps: exploring; drilling 

and engineering; construction; mining and processing; refining; reclamation; 

and mine closure (Fuggle & Rabie, 2003:340 — 341). The process is 

illustrated by means of diagrams in Annexure 3. 

 

Refining is the separation and purification of gold from other metals, as 

distinct from smelting, which is the separation of gold from mineral impurities. 

Gold going though refineries may either be recycled scrap being purified and 

upgraded, or to be on the final stage of its transformation from ore in the mine 

to bullion bars.   

 

Detailed plans for rehabilitation/reclamation have to be submitted to the 

government before permits are issued for mining to begin. Environmental 

scientists and engineers closely monitor progress. During the life of the mine, 

strict measures are taken to protect wildlife, particularly any endangered 

species. Wetlands and other natural resources are fully protected. Even 

before mining has ended, work begins on reclamation — recontouring the 

land, planting trees and grasses and reintroducing wildlife. 
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Reclamation of the land has become such an important part of the modern 

mining process that, when completed, it is often impossible to tell that a mine 

was ever there. Some reclaimed areas are often left more beautiful than 

before, with woods, lakes, and abundant wildlife. Reclamation is the final step 

in today's gold mining process. 

 

2.4.3 Metallurgy  gold plant 

 

A brief description (see Annexure 4) of a metallurgy gold plant and process is 

necessary as the environmental costs of one gold plant will be used as part of 

the analysis of current environmental management accounting practices.  The 

description is also necessary to link the perceived environmental cost to the 

actual process. 

 

2.5 Mining and the environment 

 

Mining impacts on the biophysical environment are inherent in the nature of 

the activity. Thus the mining sector is under constant public pressure to 

demonstrate commitment to responsible environmental management 

(Chamber of Mines, 2001:10). Though the environmental impact of mining per 

hectare of land or cubic metre of water used is high, the overall impact of 

mining on the environment is relatively small in comparison to other sectors. 

The Chamber of Mines (2001:10) further states that while mining is temporary 

(though sometimes for a lengthy period), widespread conversion of natural 

habitats to urban, industrial and agricultural land uses is often permanent and 
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may have wide-ranging effects including urban sprawl, acid rain and pollution 

of rivers.   

 

Many people, in both the developed and the developing worlds, have the 

perception that the mining industry is concerned only with short-term profits, 

collaborating with unjust regimes, raping virgin territory of its natural 

resources, destroying native customs and biological diversity, abandoning 

social and physical infrastructure in remote areas once an operation is 

finished and leaving permanent scars in once pristine landscapes (Balkau & 

Parsons, 1999:6).  Table 2.3 summarises the major environmental issues for 

mining, whereas Table 2.4 indicates the aspects, impacts and the cause or 

activity responsible for the critical impacts.  

 

A broad scale, according to Clement & Forster (2000:22), is the environmental 

impacts associated with various types of mining in South Africa are 

determined by the geographic nature of the area being mined, the scale of 

operation and how it is managed.  While certain of the environmental impacts 

will be more serious in some areas than others, on the whole the most serious 

impacts arising from mining across South Africa are related to water quality 

(Clement & Forster, 2000: 22). This is because of the effect of polluted water 

on other water users and also because the contamination of water effectively 

reduces the amount of water available, which is potentially problematic for a 

water stressed country like South Africa.  
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The environmental aspects and impacts will be discussed in more details later 

in section 2.5. 

 

Table 2.3 Major environmental issues in mining.  Adapted from EPA, 1998; 

Balkau & Parsons, 1999:1; Fuggle & Rabie, 2005; Chamber of Mines, 2005; 

Baxter, 2007b). 

 

 

 

 

 

 

 

• Destruction of habitat and biodiversity at a mine site 

• Ecosystem/habitat/biodiversity protection on adjacent land 

• Landscape/visual impact/loss of land-use 

• Site stabilisation and rehabilitation 

• Mine waste/tailings disposal 

• Sudden failure of tailings facilities 

• Abandoned equipment, solid waste, sewage 

• Air emissions 

• Dust 

• Climate change 

• Energy consumption 

• Siltation and changes in river regimes 

• Effluent discharges and acid drainage 

• Groundwater alteration or contamination 

• Hazardous wastes and chemical residues 

• Hazardous chemicals handling, safety, workplace exposure 

• Noise 

• Radiation 

• Workplace health and safety 

• The impact of metals toxicity on the marketing of metals 

• Cultural and archaeological values 

• Public health and urban settlement issues around mines 
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 Table 2.4.  Physical, chemical and biological environmental aspects and 

impacts of mining   

Adapted from EPA (1995); Ripley et al. (1996, 89-111); Warhurst (1999:54); 

Tadesse (1999:418); World Coal Institute (2003(b):1); Chamber of Mines 

(2005:10-15); and Madlala (2006:20). 

 
Environmen

tal media 
Environmental 

aspect 
Environmental impact Cause/Activity 

Direct impacts 
Water Turbidity Smothering of ecosystems   Suspended solids from creation of 

infrastructure, mine dewatering and surface 
run-off 

Degradation of potable water 
resources, rivers, streams and 
water ecosystems  

Acid rock drainage (from e.g. surface 
wastes, rock dumps, stockpiles, mine 
workings); deliberate or accidental spillage 
of process chemicals (e.g. cyanide, heavy 
metals); spill or leakage of other materials 
(e.g. oil, lubricants, cleaning agents) 

Eutrophication Nitrates derived from wash-down of 
explosive residue 

Oxygen consumption Presence of organic and inorganic 
chemicals  

Depression of water table Dewatering of mine workings; hydrological 
and hydrogeological disruption of surface 
and underground aquifers 

 Groundwater 
contamination; 
surface water 
contamination; 
biotoxicity 

Contamination of sediments Erosion and dispersion of solid waste 
 Salination of water  Pollution of water owing to salt 

concentration. 
Concentration of calcium sulphate and 
other chemicals in water sources; 
gypsiferous water are found in the 
workings 

Soil (land) Soil contamination On and off site contamination 
of top and sub soil horizons 

Wind and water erosion and dispersion of 
metal-bearing solids; transfer from 
contaminated water to soil components 

 Biodiversity 
degradation 

Land sterilisation and/or 
destruction of vegetative cover 
or species 

Disposal of contaminated and/or inert 
wastes; opencast mining; footprint of 
mining operations. 

  Inhibition of vegetative 
regeneration 

Surface and sub-soil contamination; soil 
acidification 

  Aesthetic impact Lack of vegetation; waste rock dumps and 
tailings; open cast operations; severe 
topographical disruption (e.g. re-routing of 
rivers) 

  Fauna species loss Destruction of habitat 
 Subsidence Disturbance, damage to soil 

surface and/or surface caving 
Unstable overlying rock strata in 
underground, near surface, mining moving 
downwards to fill voids; dewatering of 
underground dolomite compartments 
leaving voids; roof collapse. 

Air Dust Air pollution Creation of infrastructure; wind erosion and 
dispersion of fine solids (e.g. from tailings); 
crushing; movement of vehicles; surface 
blasting 

 Greenhouse gas 
emissions 

Contaminant emissions, 
impact on climate change 

Mineral processing operations (SO2, NO2); 
methane emissions; other emissions (e.g. 
hydrogen cyanide, CO2); smouldering coal 
dumps and underground fires 

 Noise Noise pollution Creation of infrastructure; blasting; 
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Environmen
tal media 

Environmental 
aspect 

Environmental impact Cause/Activity 

operating of heavy equipment 
Radioactivity Radiation Contamination of soil and 

water sources 
Leaching of radioactive substances into 
soil, groundwater and surface water 

  Air pollution resulting in human 
health problems 

Radon gas in underground mines 

Indirect impacts 
Air Greenhouse gas 

emissions 
Air pollution, contaminant 
emissions, impact on climate 
change 

Electricity use 

Water Surface and 
groundwater loss 

Degradation of water sources  Electricity use 
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2.5.1 Open cast  mining 

 

Strip mining, one method of open cast mining, go as deep as 60 meter below 

natural ground surface resulting in destroying the entire soil profile and 

impacting on the biodiversity of the area.  Fuggle & Rabie (2003:340-348) 

explains that exploitable aquifers used by the agricultural sector may be 

destroyed by strip mining.  Strip mining is also normally done on a very large 

scale, the dragline operations, resulting in large areas which must be 

rehabilitated.  This could be very expensive and requires ongoing focus on 

soil fertility, soil compaction, erodability and species diversity. 

 

2.5.2 Underground mining 

 

Clement & Forster (2000:22) state that the main determinant of environmental 

impacts of underground mining is whether the operation is wet or dry.  The 

key difference being that wet operations are likely to have a greater impact on 

water resources. 

 

Chemical degradation of groundwater in underground mines is a world-wide 

problem (Hodgson & Krantz, 1998:19).  Problems are associated with acid 

mine drainage.  Shallow underground mining may result in the collapse of the 

overlying strata to varying degrees.  Collapsed structures form conducts for 

rainwater resulting in soil erosion.  
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The release of methane into the mine air and eventually into the atmosphere 

is also the result of underground mining.  A further impact, according to Lloyd 

(2002:2), is the collapse of the mine roof between pillars causing permanent 

damage to surface structures. 

 

2.5.3 Energy consumption 

 

Energy is integral to the process of mining, whether it is in the form of diesel 

for transport and equipment, or electricity for pumping, ventilation and 

refrigeration. The type of energy used by, and the relative energy costs in 

mining operations in South Africa are related to whether it is an underground 

or open cast operation. In general, open cast mines have higher diesel costs 

and lower electricity costs. Underground mines, on the other hand, use far 

more electricity as diesel generally poses a health and safety hazard in 

underground mines and is not an effective fuel for many of the requirements 

of underground mining (Clement & Forster, 2000:38). 

 

Clement & Forster (2000:39) further state that underground mining, in 

particular at medium and deep levels, is the main user of electricity in the 

mining sector. The depth of mining, the geothermal nature of the area being 

mined, and the hardness of mineral bearing ore determine its level of use. It is 

difficult to gauge energy efficiency in the South African mining industry relative 

to mining industries in other countries owing to the unique conditions 

associated with mining in South Africa. 
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Clement & Forster (2000:44) and the Chamber of Mines (2005) describe the 

context of energy costs as follows:  

‘An increase in electricity costs of 10% to 20% does not translate to a 

significant increase in overall working costs compared to the operating 

margins of some of the largest deep-level mining operations in South Africa. 

These operating margins are, however, heavily dependant on international 

commodity and minerals markets. Assuming that these margins remain 

healthy, it is very unlikely that 10% or 20% percent increase in the price of 

electricity will result in a reduction in usage among these mines. In addition, 

the capital-intensive nature of mining makes it difficult to change technologies 

once a mine is established. The largest deep-level mining operations in South 

Africa are unlikely to change the technology, equipment or processes they use 

in response to electricity price increases of 10% to 20% percent. However, a 

significant amount of rationalisation has taken place over the last 10 years in 

the industry and there is now less leeway to reduce costs. Energy remains an 

area where there may still be room for cost cutting. Thus it is possible that in 

future, energy will become a focus area for cost cutting.’ 

 

2.5.4 Air quality 

 

The main air quality issue with mining is dust particles (EPA, 1995:4).  Large 

amounts or concentrations of dust can be a health hazard, exacerbating 

respiratory disorders such as asthma and irritating the lungs and bronchial 

passages.  People, however, invariably perceive a loss of environmental 
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amenity, owing to dust deposits or dust concentration, before their health is 

affected. 

 

Increasing focus is being brought to bear on air quality because of health 

issues, climate change and global warming debates and more stringent 

regulatory frameworks (Ripley et al, 1996; Van Zyl, 2000; Chamber of Mines, 

2005:14; Blight, 2007; Chamber of Mines, 2007). Emissions such as methane, 

carbondioxide, sulphurdioxide and nitrousdioxide, with potential harmful 

environmental impacts, are more regularly monitored, mitigated and 

managed. 

 

2.5.5 Water 

 

South Africa is on the threshold of being a water stressed country.  Mining 

accounts for approximately 3% of the country’s annual water consumption 

(Chamber of Mines, 2005:13).  Compared to other sectors, mining uses 11% 

of the total South African water withdrawals, domestic users 17% and 

agricultural 72%.  As water is a vital input, the South African mining industry is 

obliged to employ effective and efficient water management systems.  

 

Mines can affect surface runoff and groundwater quality through 

contamination with dissolved and suspended material (EPA, 1995:8). There 

are basically two ways that mining can affect groundwater quality, according 

to Clement & Forster (2000:24). In the first instance, groundwater is affected 

when waste dumps, tailings dams, slurry ponds, etc. produce a polluted 
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seepage or leachate, which then infiltrates the surface and penetrates sub-

surface material until it reaches the groundwater. 

 

In the second instance groundwater quality is affected by mining when it 

comes into contact with underground mine workings. These may be the 

workings of old mines that have closed or the workings of an operating mine. 

Problems occur when rock containing pyrites, the most common sulphide 

found in gold ore bodies, is exposed to water, air and bacteria; conditions that 

result in the acidification and increased dissolution potential of the water. 

Many underground gold workings in South Africa are humid, making them 

conducive to the growth of bacteria, which facilitates acid mine drainage 

(AMD). Metal sulphides associated with copper, lead, nickel and zinc may 

also cause AMD but iron sulphides, mainly pyrite and marcarite, are the 

predominant acid producers.  

 

Apart from runoff from overburden emplacements and stockpiles, stormwater 

can be contaminated from process plants, workshops and wash-down pads 

(EPA, 1995:8).  EPA (1995:9) states that mines must also guard against the 

release of chemicals or radiological contaminated water.  Contaminants can 

include cyanide and acids from leaching solutions, hydrocarbons from fuel 

and lubricants, sewage from employee ablutions, acid waste water from boiler 

cleaning, excess fertiliser from rehabilitated areas and chemicals used to 

separate different ores and to flocculate suspensions. 
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One obstacle for water management is the inefficient calculation of the total 

water cycle on a mine.  Clement & Forster (2000:13) state that although mines 

can undertake mass balance calculations for water and pollutants, this does 

not always account for all the water on a mine. Water, which is responsible for 

the diffuse source pollution from a mine, often goes unrecorded or not 

correctly estimated. This water may emanate from waste heaps that do not 

possess toe drains, or from leachate that percolates from underneath waste 

heaps into the groundwater system.  

 

The most severe current and potential impacts on water quality arise from 

situations where mines are flooded after closure. In such cases mines fill with 

water, which comes into contact with mine workings, exposed ore bodies and 

residual material. In some instances this water decants to surface 

watercourses, which can have a deleterious effect on the level of total 

dissolved salts (TDS) of that water body. Mine discharges can also cause a 

problem although these are supposed to be treated to regulatory standards 

before being released (Clement & Forster, 2000:24). 

 

2.5.6 Land 

 

According to ICMM (2006), mining has the potential to impact biodiversity 

throughout the life cycle of a project, both directly and indirectly.  Direct or 

primary impacts from mining can result from any activity that involves land 

clearance (e.g. access road construction, exploration drilling, overburden 

stripping and tailings impoundment construction) or direct discharges to water 
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bodies (e.g. riverine tailings disposal and tailings impoundment releases), and 

are usually readily identifiable.  Indirect or secondary impacts can result from 

social or environmental changes brought about by mining operations that are 

often harder to identify immediately.  

 

Despite the huge potential for negative impacts on biodiversity from mining 

operations, there is a great deal that companies can do to minimise or prevent 

such impacts in areas identified as being appropriate for mining. There are 

also many opportunities for companies to enhance biodiversity conservation 

within their areas of operations. Being proactive in the assessment and 

management of biodiversity is important not only for new operations, but also 

for those that have been operating for many years, usually under regulatory 

requirements that were less focused on the protection and enhancement of 

biodiversity (ICMM, 2006:46).   

 

Mining generates more than 80% of solid waste in South Africa including 

waste rock and tailings, although most of it is inert (Chamber of Mines, 

2005:14).  Mining waste is of particular concern, given the volumes and 

potential liabilities associated with waste and the impact on land use and 

sterilisation. 

 

The Chamber of Mines (2005:14) also states that radioactive waste is of 

concern to the sector, specifically from gold mines. This is being addressed 

and regulated by the National Nuclear Regulator. 
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Natural habitats may be completely destroyed through strip mining leading to 

the loss of important or valuable species.  Arable land may be lost where open 

cast mining is undertaken and where underground mining result in 

subsidence.  Such loss is an opportunity cost, via any earnings that may have 

come from agricultural activities (Warhurst, 1999:40; Fuggle & Rabie, 2003). 

 

Excavation of underground coal or minerals can disturb the surface of land 

(EPA, 1995:11).  Where there are valuable surface assets, these can be 

damaged by tilting or lowering structures or causing them structural distress 

through tensile or compressive forces.  

 

Underground coal mining entails a risk of surface subsidence as gravity 

induces the downward movement of the overlying rock strata to fill the void left 

where coal has been removed.  Bord and pillar methods were designed to 

leave behind sufficient coal to support the mine roof, thereby preventing its 

collapse and surface caving.  Properly designed bord and pillar mines are not 

supposed to collapse.  Longwall mining, by contrast, induces deliberate, 

uneven subsidence of the land surface relatively quickly after mining.  The 

consequent mine roof collapse is a normal or planned part of the operation  

(Longwall coal mining, 2003:6-7) 
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2.5.7 Noise 

 

Noise levels must be controlled so that they reflect the most stringent 

requirements during evening hours when nearby land holders wish to relax or 

sleep (EPA, 1995:5).  

 

2.6 Mine rehabilitation and closure 

 

Until recent decades organisations involved in mining were generally not 

interested in assuming responsibility for the rehabilitation of land effected by 

mining (Peck, 2005:19).  Rehabilitation of mine sites imposes costs upon 

extractive industries that in the past have generally not been internalised.   

However, trends towards high expectations for environmental protection, 

reduced risk to human health and for inclusion of community related 

considerations, have combined with competing land use demands and an 

increased value of the natural environment. Peck (2005:19) emphasises that 

these trends have greatly changed the business case for best environmental 

practice in mining and introduced the concept of mining for closure. 

 

Since mining activities represent only a temporary use of the land, extensive 

rehabilitation measures must be adopted to ensure that land capability after 

mining meets agreed and appropriate standards which, in some cases, are 

superior to the land’s pre-mining condition. 
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Where the mining is underground, the surface area can be simultaneously 

used for forests, cattle grazing and crop raising, even reservoirs and urban 

development can be built. In all cases, mining is subject to stringent controls 

and approvals processes (Australian coal association (a), 2003:1). 

 

As discussed by Fuggle & Rabie, 2003; Peck, 2005; ICMM, 2005 and 

Chamber of Mines 2007, it is in the best interest of sound business practices 

for the mining industry to institute rehabilitation and best closure practices at 

the right phase of mine life to minimise environmental costs and expenditure.  

 

Key mechanisms for successful reclamation [rehabilitation], according to 

MacGillivray, Maton and Goldstone (2000:3) are the following: 

• Controlled placement of acid generating rock into engineered disposal 

sites 

• The design and placement of sealing layers over waste rock disposal sites 

• Diversion drain construction 

• Revegetation of the primary control layer of disposal sites; 

• Partial capping of tailings adjacent to tailings dams 

• Final water chemistry analysis and cyanide recovery in tailings. 

 

Successful rehabilitation is possible by planning and managing ongoing 

rehabilitation during operation and also rehabilitation during closure.  This will 

not only minimise the environmental impacts, but also reduce rehabilitation 

costs significantly. 
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Companies keep a close watch on the rehabilitation/revegetation progress 

and usually prohibit use of the land until the vegetation is self-supporting.  The 

cost of the rehabilitation of mined land is factored into the mine’s operating 

costs. 

 

2.7 Summary 

 

Water use and associated water pollution and siltation are environmental 

issues with which mines have to deal.  Chemical impacts of gold mining and 

gold processing include, according to various authors (Clement & Forster, 

2000; Fuggle & Rabie, 2003; Coetzee, Venter & Ntsume, 2005) radioactivity, 

acidity, heavy metals and cyanide.  Mine waste in the form of either waste 

rock dumps or tailings have unique environmental problems that gold mines 

have to manage.     

 

The most fundamental challenge facing the South African mining industry is 

the productivity of labour and capital and their impact on the cost of mining 

and extracting minerals. For most minerals, South African producers are 'price 

takers', as the prices are set on international markets. To remain competitive, 

particularly with many low-cost emergent global producers, South Africa's 

mining industry has to focus on productivity and cost trends. Operating 

margins have to remain, or become competitive to attract investment and to 

sustain existing operations. For the industry to remain competitive, it must 

have an operating and investment environment that is not a disadvantage 

when compared to other mining countries. 
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A combination of the still relatively strong Rand exchange rate, the depth of 

operations and various challenges relating to the inputs from various supply 

industries mean that pressure on costs is inherent in the South African gold 

mining industry.  Pressure on costs is not a unique gold mining phenomenon 

and has been identified as one of the key challenges facing the entire mining 

sector (Chamber of Mines, 2007).   

 

Having looked at the mining processes and the environmental impacts of the 

two commodities and their different mining methods, the costs associated 

therewith must be analysed and placed in context. 
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CHAPTER 3: REGULATORY FRAMEWORK FOR MINING IN 

SOUTH AFRICA 

 

3.1 International context of the South African mining industry 

 

The accession to and ratification of international environmental conventions 

and treaties or protocols is a necessary prerequisite for the harmonisation of 

national legislation.    

 

Mining in South Africa cannot be seen in isolation as it forms part of the 

international mining fraternity.  Different organisations and institutions, on a 

global scale, therefore influence the South African mining industry.   Some of 

the most relevant international organisations and institutions will be 

discussed. 

 

3.1.1 Environmental Protection Agency (EPA)  

 

The Environmental Protection Agency (EPA) was established in 1970, and 

attention began to shift toward pollution control and the establishment of 

national environmental quality standards. The EPA was responsible for the 

environmental well being of the United States of America (USA) as defined 

through numerous pieces of legislation. One of these, Clean Air Act of 1970, 

became the model for future measures. The act established national air 

quality standards and gave states the responsibility for developing and 

enforcing plans to use these standards, and set up compliance schedules. 
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The act also made federal funding available to states to assist in their 

efforts. Other legislation followed and formed the basis for the modern 

environmental legislation in the USA (EPA, 2004:1).  

 

3.1.2 International Council on Mining and Metals (ICMM) 

 

The ICMM was formed in October 2001 to represent leading international 

mining and metals companies. It is made up of 16 of the largest mining and 

metal companies, and 25 national mining and global commodities 

associations. It is governed by its membership through a council made up of 

the chief executive officers (CEO) of all ICMM member companies (ICMM, 

2007).  

 

Given the complexity of mining, minerals and metals as a sector, it is subject 

to a number of trends.  These trends include the call for a global transition to 

sustainable development, which is in accordance with the outcome of the 

2002 Johannesburg Summit on Sustainable Development.  The vision of the 

ICMM is based on achieving a better quality of life for the world’s population, 

while preserving and increasing the ability of subsequent generations to 

achieve a higher quality of life for themselves (ICMM, 2003). 

 

The ICMM’s mission statement clearly supports the concept of sustainable 

development within the global context: 

‘To be the clear and authoritative global voice of the world’s 

mining and metals industries, developing and articulating their 
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sustainable development case, discovering and promoting best 

practice on sustainable development issues within the industries 

and acting as the principle point of engagement with the 

industries for stakeholders at the global level.  To assist the 

industries to align their economic, social and environmental 

goals as to maximise their contribution to meeting the 

challenges of sustainable development.’ 

 

The ICMM has adopted a Sustainable Development Charter that contains 

management principles in four key areas: environmental stewardship; product 

stewardship; community responsibility; and general corporate responsibilities 

(ICMM, 2003).  Some of the main principles are: 

 

Environmental stewardship: 

• Comply with or exceed the requirements of all applicable environmental 

laws and regulations and, in jurisdictions where these are absent or 

inadequate, apply cost-effective technologies and management practices 

to ensure the protection of the environment as well as worker and 

community health 

• Review and take into account the environmental impacts of exploration, 

infrastructure development, mining or processing activities, and plan and 

conduct the design development, operation, remediation and closure of all 

facilities in a manner that optimises the economic use of resources while 

reducing adverse environmental impacts to acceptable levels 
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• Ensure that adequate financial resources or surety instruments are in 

place to meet the requirements of remediation and closure plans 

• Develop, design and operate facilities and conduct activities taking into 

consideration the efficient use of energy, water and other natural 

resources and materials, including their recycling and reuse, the 

minimisation of waste and the responsible management of residual 

materials. 

 

Product stewardship: 

• Develop or promote metal products and technologies that are safe and 

that are efficient in their use of energy, natural resources and materials. 

 

Community responsibility principles: 

• Reduce to acceptable levels the adverse environmental and social impacts 

on communities of activities related to exploration, extraction and closure 

of mining and processing facilities. 

 

General corporate responsibilities: 

• Provide public reports on activities and progress relating to economic, 

environmental and social performance. 

 

It is clear that the ICMM, by means of the Charter, recognises sustainable 

development as a corporate priority as well as the importance of integrating 

environmental, social and economic aspects into the decision-making 

process.  Mining in South Africa must take cognisance of the Charter and be 
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able to verify all its activities in term of the triple bottom line approach.  

Financial responsibility by the mining sector is therefore unavoidable.    

  

3.1.3 United Nation (UN) 

 

Within the UN three very prominent divisions guide the international 

community as well as the international industry with regard to environmental 

practices.  

 

The UN environmental programme’s (UNEP) mission reads as follows: 

‘To provide leadership and encourage partnership in caring for 

the environment by inspiring, informing, an enabling nations and 

peoples to improve their quality of life without compromising that 

of the future generations.’ (UNEP, 2002:1) 

 

The UN department of economic and social affairs has a division for 

sustainable development (UNDSD) with the following mission: 

‘The Division for Sustainable Development provides leadership 

and is an authoritative source of expertise within the United 

Nations system on sustainable development. It promotes 

sustainable development as the substantive secretariat to the 

UN Commission on Sustainable Development (CSD) and 

through technical co-operation and capacity building at 

international, regional and national levels.’  
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The UN educational, scientific and cultural organisation (UNESCO), which 

actively pursues, through its strategies and activities, the UN millennium 

development goals, including the goal to help countries implement a national 

strategy for sustainable development by 2005 and to reverse current trends in 

the loss of environmental resources by 2015. 

 

During 1994, UNEP, in co-operation with other UN departments, published the 

first edition of Environmental Guidelines for Mining Operations at the request 

of a number of countries.  According to UNEP (2001), continuing changes 

have occurred within the mining sector and in sustainable development, 

particularly in the evolution of legal, fiscal and regulatory policies 

accompanying the trend of liberalisation and privatisation of the industry.  

Environmental conditions, attached to credit and insurance, have raised the 

profile of environmental planning and management of sustainable 

development.  National and international conventions and standards, 

corporate trends, voluntary industry codes and the increasing use of 

environmental management systems have also contributed to changes in the 

regulation of the mining sector. 

 

These guidelines are designed to provide a model for sound and sustainable 

management and are meant to assist regulators, governments, mining 

companies and other stakeholders.  All countries, including South Africa, will 

need to adapt these guidelines to suit their own circumstances.  Each country 

will also have to assess the level of environmental legislation generic to all 

industries and specific to the mining industry.  
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3.2 International conventions and declarations 

 

The number of international conventions and declarations aimed at protecting 

the environment has increased significantly over the last few years.  

Conventions now cover not only issues of biodiversity, world heritage and 

wetland conservation, but also pollution and waste issues such as hazardous 

chemicals and the dumping of waste at sea.  These conventions are notable 

for the use of trade restrictions and bans on certain substances, but many 

have implications for the mining industry.  Conventions now deal with an ever-

widening range of issues on which global action has been deemed necessary 

(UNEP, 2001:8).  

 

To understand the origin and development of international conventions 

dealing with environmental matters, they should be considered within a 

broader context (Barnard et al, 2003:5.1).  

 

3.2.1 Stockholm Declaration 

 

The first truly global environmental conference was the United Nations 

Conference on the Human Environment, held in Stockholm in 1972. This 

conference resulted in a number of important outcomes, including the 

Stockholm Declaration on the Human Environment, and the creation of the 

United Nations Environment Programme [UNEP] (BCSDSA, 2002c:1).  
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Barnard et al (2003:5.1) states that the Stockholm Declaration was an 

occasion of major international importance attended by virtually all nations. An 

important component was that states should co-operate to develop 

international law to deal with liability issues caused by trans-boundary 

activities and compensation for people subjected to pollution or other 

environmental damage.  

 

3.2.2 World Charter for Nature 

 

On October 28, 1982, the General Assembly of the United Nations adopted 

the World Charter for Nature (UN, 1982) and proclaimed principles of 

conservation by which all human conduct, affecting nature, are to be guided 

and judged.  The charter is divided into general principles, functions and 

implementation.  The basis of the charter is an awareness that civilisation is 

rooted in nature, which has shaped human culture and influenced all scientific 

achievements.  It also states that living in harmony with nature gives man the 

best opportunity to develop his creativity.   

 

It is clearly stated in the charter that the degradation of natural systems owing 

to excessive consumption and misuse of natural resources, as well as failure 

to establish an appropriate economic order among people and among states, 

leads to the breakdown of the economic, social and political framework of 

civilisation.   The UN also stated that during implementation of the charter the 

principles, as set forth, should be reflected in the laws and practices of each 

state/country, as well as at international level.  The importance of proper 
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environmental legislation and accounting principles are stressed throughout 

the charter (UN, 1982). 

 

3.2.3 Brundtland report 

 

Realising that the broad framework principles of the charter were not enough, 

the World Commission of Environment and Development, the Brundtland 

Commission, was appointed to investigate the implementation of the 

principles. The commission, chaired by the former Norwegian Prime Minister 

Gro Harlem Brundtland, published the Brundtland report, entitled, Our 

Common Future. It provides a conceptual framework for the implementation of 

environmental principles and, among others, introduces the concept of 

sustainable development (Barnard et al, 2003:5.1; WCED, 1987)).   

 

The report served as the basis for what would later become Agenda 21, and is 

famous for coining the phrase “sustainable development”.  The activities of the 

Brundtland Commission also served as the basis for the UN Conference on 

Environment and Development, UNCED, held in Rio de Janeiro in 1992 

(BCSDSA, 2002c:1). 

 

3.2.4 Rio Earth Summit 

 

The United Nations Conference on Environment and Development, UNCED, 

also known as the Rio Earth Summit, held in Rio de Janeiro in 1992, was the 

largest ever gathering of heads of state and government and provided a 
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platform for stakeholders from the other major groups. According to BCSDSA 

(2002c:2), the summit was instrumental in raising awareness of the concept of 

sustainable development, and in emphasising the need to integrate 

environmental and developmental  issues.   

 

The conceptual framework for implementation was further developed into 

detailed implementation programmes reflected in Agenda 21 issued by the 

United Nations Conference on Environment and Development (UNCED), 

better known as the 1992 Rio Earth Summit. Agenda 21 can be regarded as a 

global plan of action for sustainable development. South Africa has a local 

agenda 21 that deals with sustainability at local authority level (Barnard et al, 

2003:5.1). 

 

3.2.5 Johannesburg Summit 

 
The World Summit on Sustainable Development – held in Johannesburg, 

South Africa, September 2002 – sought to overcome the obstacles to 

achieving sustainable development and to generate initiatives that would 

deliver results and improve people’s lives while protecting the environment 

(UN, 2003:1).  The UN further states (UN, 2003:5-6) that those governments 

that committed to the summit declarations must take action that will reverse 

the current trend in natural resource degradation.  The summit also worked to 

ensure that global economic and financial rules, systems and markets support 

sustainable development.  These commitments have direct links to mining 

activities with regard to the extraction of natural resources and the financial 

management thereof. 
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At this summit, as part of the Millenium Development Goals, the following 

decisions and commitments were made (MMSD, 2002; UN, 2005): 

• Water and sanitation: To provide access to clean drinking water and 

sanitation by 2015 to half of the world's poor 

• Energy: To 'substantially increase' the use of renewable 'green' energy 

sources 

• Global warming: To reduce the emission of greenhouse gasses  

• Natural resources and biodiversity: To dramatically cut the extinction rate 

of rare animals and plants by 2010  

• Trade: That nations will continue to 'enhance the mutual supportiveness of 

trade, environment and development'. 

 

3.2.6 Treaties and conventions important during the development of 

environmental matters 

 
 
Some of the more important conventions are tabled in Annexure 5.  These 

agreements are typical of the general change in attitude brought about by the 

growing influence of environmental law (Barnard, 1999:363).  The South 

African status with regard to these treaties and conventions will be included. 

 

The South African mining industry forms an integral part of the global industry 

and is accountable for all the mining activities based on the international 

framework as discussed.  Within this framework international and national 
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governance establish the basis for all economic activities, including the South 

African mining industry. 

 

3.3 National context of the South African mining industry 

 

3.3.1 Chamber of Mines of South Africa  

 

The Chamber of Mines of South Africa has served the private sector mining 

industry since 1889. Its membership consists of independent mining finance 

corporations, individual mines and mining companies. Together they account 

for over 85% of South Africa’s mineral output (Chamber of Mines, 2006). 

 

The Chamber of Mines of South Africa is a prominent industry employer 

organisation, which exists to serve its members and promote their interests in 

the South African mining industry. It does this through a variety of activities 

and programmes undertaken in areas where it is deemed desirable for 

members to consult with one another on matters of common concern or to co-

operate in specific industry-level policy responses and joint initiatives. These 

areas include, mine health and safety, education and training, communication, 

environment, economics, sustainable development, legislature and industrial 

relations (Chamber of Mines, 2006). 

 

With this scope defining its role, the Chamber exists as an important partner 

to its member mines providing strategic support and advisory input to its 

members. It facilitates interaction among mine employers to examine policy 
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issues and other matters of mutual concern to define desirable industry-level 

stances. Consultation and co-operation within the Chamber system occurs on 

a voluntary basis and does not encroach on the managerial powers or 

prerogatives of individual member mines and mining groups.  

 

A key activity is the Chamber's representation of the formalised policy position 

of its membership to various organs of South Africa's national and provincial 

governments, and to other relevant policy making and opinion forming entities 

inside the country and internationally (Chamber of Mines, 2006). 

 

3.4 Legislative framework  

 

The impact of environmental issues is currently stronger than ever before.  

These impacts affect every sector of human endeavour and ignore state 

borders.  This is the basis for an emerging idea of world governance capable 

of imposing respect and care for our common possession: the Earth 

(Chauveau, 2001:3). 

 

Environmental legislation has moved from a comparative obscurity to 

prominence in a relatively short time.  The shift in thinking towards 

‘environmental management’ has resulted in some countries adopting some 

form of general environment law. 

 

In a democratic society, decisions promoting sustainable development, such 

as exploitation of natural resources and the state of the environment, are 
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being made in a political decision-making process.  The final outcome of this 

process, according to Loikkanen (1999:15), is usually a compromise made 

between the different interests of various social, economic and political 

parties, interest groups and stakeholders. 

 

The mining industry is subject to laws, regulations, standards and norms 

within which exploration, mining, processing and closure activities must work 

to operate legally. Among these are laws aimed directly at regulating 

environmental impact and, in some cases, environmental impact may be 

mitigated by clauses inserted into other laws, including the mining laws 

themselves. 

 

According to the World Bank (2001b:1) governments that wish to ensure that 

mining companies take an environmentally and socially responsible approach, 

may want to focus on six areas in which laws, regulations, and direct 

agreements with the mining companies, as well as proactive policy 

interventions, can be designed: 

• Land and water use 

• Waste management 

• Chemicals and pollutants 

• Tailings disposal 

• Human health risks 

• Potential environmental risks and the plans to mitigate these risks. 
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When dealing with the environment, it is important that terminology and 

concepts are used according to recognised definitions.  The environment has 

been discussed, assessed, analysed and reported internationally by various 

people and over the past decades the concept ‘environment’ was defined in a 

variety of textbooks and journal articles. 

 

According to SABS (1996a) environment can be defined as ‘the surroundings 

(surroundings in this context extend from within an organisation to the global 

system) in which an organisation operates, including air, water, land, natural 

resources, flora, fauna, humans, and their interrelation’. 

 

The National Environmental Management Act (Act 107 of 1998) defines the 

environment as ‘the natural environment and the physical chemical, aesthetic 

and cultural properties of it that influence human health and well being’. 

 

Fuggle & Rabie (2003:84) point out that: ‘environment’ is a concept which 

embraces a multitude of ingredients including the following:  

a) Natural environment, i.e. ...renewable and non-renewable natural 

resources such as air, water, soil, plants, animals, etc. 

b) Spatial environment, i.e. man-made and natural areas such as suburb, 

town, city, ...mountains, wetlands, rivers, seashores, forests, etc. 

c) Sociological or social environment, i.e. other people such as family, group, 

society, etc.’  
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In terms of the Environmental Conservation Act 73 of 1989, environment 

means ‘the aggregate of surrounding objects, conditions and influences that 

influence the life and habits of man or any other organism or collection of 

organisms’. 

 

In the Draft Mineral Development Bill (South Africa, 2000) environment was 

described as ‘the surroundings within which humans exist and that are made 

up of: 

a) The land, natural resources and the atmosphere of the earth 

b) Micro-organisms, plant and animal life 

c) Any part or combination of a) and b) and the relationships among and 

between them 

d) The physical, chemical, aesthetic and cultural properties and conditions of 

the foregoing that influence human health and well-being.’  

  

The Department of Minerals and Energy (DME), in the Mineral and Petroleum 

Resources Development Act (Act 28 of 2002) recognises the definition of 

environment as defined in the National Environmental Management Act (No. 

107 of 1998).   

 

Environment is therefore one giant ecosystem made up of an uncountable 

number of smaller ecosystems each consisting of air, water, soil and living 

organisms or species, all being interrelated and interdependent within a 

specific time frame. 
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South Africa, with its abundance of natural resources, encounters a variety of 

natural disasters that have negative effects on its resources.  The worst of 

these disasters would be the droughts draining the water resources and 

affecting the carrying capacity of the land.  Barnard (1999:8) describes severe 

droughts early in the twentieth century that forced investigations of droughts 

and agriculture.  ‘The first legislation specifically passed to address the 

deterioration of the land was the Forest an Veld Conservation Act 13 of 1941 

... (t)he passing of the Soil Conservation Act 45 of 1946 and the Soil 

Conservation Act 76 of 1969’ (Barnard, 1999:9). 

 

According to Butnik-Lees (S.a., 1), the advent of democracy in South Africa, 

saw the elevation of environmental concerns on government’s political agenda 

and, in keeping with the development of democracy, a growing public 

awareness of environmental rights and responsibilities.  Recognition by 

government of the need to ensure sustainable development and sustainable 

use of South Africa’s natural resources was bolstered by constitutional 

recognition of environmental rights as a fundamental human right. 

 

The minerals and mining landscape in South Africa is in a state of 

fundamental change (Glazewski, 2000; Mining Law Guide, 2004).  

Government policy, the system of mineral rights, access to mineral rights, the 

involvement of historically disadvantaged groups and environmental and other 

legislation are all changing.  The socio-economic mining charter for the 

minerals sector brings a new dimension to that industry.  
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The vision behind the country's mining charter is to achieve a globally 

competitive mining industry that can benefit all South Africans. It is an 

important development in a sector historically dominated by white capital and 

profiting off the cheap labour provided by a disempowered black majority.  

The stated goal of the charter is to create an industry that will proudly reflect 

the promise of a non-racial South Africa. One of its key objectives is to 

achieve 26% ownership of mining companies by previously disadvantaged 

people within the next 10 years.  The charter provides a framework to help 

mining companies comply with the MPRDA, which obliges mining companies 

to promote black economic empowerment when applying for new mineral 

rights or converting current rights (Chamber of Mines, 2006).  

 

Against the background of the legislative framework and definitions of the 

environment, it is necessary to discuss all relevant South African legislation 

that has a direct or indirect impact on mining, environmental management and 

environmental cost factors. 

 

For the purpose of this research, specific legislation relating to mine 

environmental matters was identified and reviewed to determine the relevance 

between legislative compliance and environmental costs.   The legislation 

identified was grouped into three main categories, namely, general legislation, 

mining related legislation and environmental legislation.  Accounting 

standards was identified as the forth category of relevance.  

 

 



 
 
 

74 

3.4.1 General legislation 

 

3.4.1.1 The Constitution of the Republic of South Africa (No. 108 of 1996) 

Chapter 2: Environment 
24. Everyone has the right –  

(a) to an environment that is not harmful to their health or 

well-being;  

(b) to have the environment protected, for the benefit of 

present and future generations, through reasonable 

legislative and other measures that –  

(i) … 

(ii) promote conservation; and 

(iii) secure ecological sustainable development and 

use of natural resource while promoting justifiable 

economic and social development. 

 

In the constitution, which came into effect on 4 February 1996, the rules are 

set out according to which the country is governed (Kleyn & Viljoen, 

2002:226).  

 

The Bill of Rights is contained in chapter 2 of the constitution.  According to 

section 7(1) it ‘… enshrines the rights of all people in our country and affirms 

the democratic values of human dignity, equality and freedom’.  A degraded 

environment has major adverse impact on human dignity.  The overarching 

protection of environmental rights is contained in section 24 under the heading 
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‘Environment’.  This enactment fits well into the spectrum of internationally 

accepted principles protecting the quality of life of people (Barnard, 1999:49). 

 

The constitution does not deal with detailed guidance and definitions, and it 

was therefore necessary to review other legislation to determine relevance 

between mining, the environment and environmental management 

accounting. 

 

3.4.1.2 Income Tax Act (No. 58 of 1962) 

 

The financial provision for mine closure forms a substantial part of 

environmental costs.  The exemption from tax according to Section 10(1)(cH) 

of the Income Tax Act, is to the benefit of the mining industry. 

 

(cH) the receipts and accruals of any company, society or other association 

of persons or any trust, …. 

(i) (bb) the instrument establishing the trust, 

……. at the time of or after discontinuation of operations on a mine or 

part of a mine, any of the following or like obligations imposed upon 

any person in terms of any law which regulates mining operations 

(other than costs which are required in terms of any law to be incurred 

on an ongoing basis during the life of a mine or part of a mine), namely 

- 

(A) the rehabilitation of disturbances of the surface of land and the 

prevention and combating of pollution of the air, land, sea or other 
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water where such disturbances and pollution are due to mining, 

prospecting, quarrying or similar operations; 

(B) the protection of the surface of land and water sources and the making 

safe of undermined ground and of dangerous excavations, tailings, waste 

dumps and structures, of whatsoever nature; made in the course of 

mining, prospecting, quarrying or similar operations; and. 

(C) the demolition or removal of any building,  structure or other thing 

erected or constructed in connection with mining, prospecting, 

quarrying or similar operations, the removal of any debris .or other 

objects and the restoration, as far as is practicable, of the surface 

to its natural state; 

 

This act, in summary, prescribes that a company may establish a trust that will 

be used for rehabilitation after mine closure.  The act also specifies that the 

trust must only be used for the intended purpose, that is the funding of 

environmental rehabilitation after mine closure. 

 

3.4.2 Mining legislation 

 

Two Acts directly regulate the mining industry in South Africa namely the 

Minerals and Petroleum Resources Development Act (No. 28 of 2002) 

(MPRDA) and the Mine Health and Safety Act (No. 29 of 1996).  The former 

regulates the mining process as well as the environmental management  
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during mining and the latter provides for the protection of the health and safety 

of employees. 

 

3.4.2.1 MPRDA 

 

The DME administer the MPRDA with the aim to provide for: 

• The promotion of economic growth through mineral development in an 

ecologically sustainable manner 

• Equitable access to minerals by all with an emphasis on previously 

disadvantaged people 

• The granting of prospecting an mining rights in an orderly and effective 

manner 

• Security of tenure 

• The contribution to socio-economic development. 

 

The MPRDA provides for strict environmental management and controlled 

closure of mines.  It stipulates that the directors of a company or members of 

a close corporation are jointly and severally liable for any unacceptable 

negative impact on the environment advertently or inadvertently caused by the 

company or close corporation which they represent or represented (Section 

38(2)). 

 

The environmental requirements of the are applicable parallel to the 

requirements of the Environmental Conservation Act, the National 

Environmental Management Act and the National Heritage Resources Act.  
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(These Acts will be discussed later in this chapter).   The granting of 

prospecting and mining rights and the subsequent environmental 

management at mines fall within the domain of the MPRDA.  It is this act that 

provides the legal framework for cradle to grave environmental management 

at mines through the environmental management plan or programme (EMP) 

process. 

  

3.4.2.2 The Mine Health and Safety Act 

 

The Mine Health and Safety Act came into operation on 15 January 1997. The 

main objective of the act is to protect the health and safety of persons at 

mines.  

 

3.4.3 Environmental legislation 

 

Two major Acts at present jointly regulate the management of the 

environment.  These are the Environmental Conservation Act (No. 73 of 1989) 

and the National Environmental Management Act (No. 107 of 1998).  Other 

related environmental acts that must be taken into account are: 

• The National Water Act (No. 36 of 1998) 

• The National Heritage Resource Act (No. 25 of 1999) 

• The National Environmental Management: Air Quality Act (No. 39 of 2004) 

• The National Environmental Management: Protected Areas Act (No. 57 of 

2003) 
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• The National Environmental Management: Biodiversity Act (No. 10 of 

2004) 

• The National Nuclear Regulator Act (No. 47 of 1999). 

 

3.4.3.1 The Environmental Conservation  Act  

 

Barnard (1999:202-206) describes the most important sections as the 

following: 

• Protecting the natural environment (sections 16 to 18) 

• Control of environmental pollution, that includes control of littering, waste 

management and noise pollution, (sections 19 to 20) 

• Limited development areas (section 23). 

 

Environmental authorisation for prospecting and mining is not required under 

this Act (Mining Law Guide, 2004).  Specific issues like the placing and control 

of residue stock piles and deposits falls under the MPRDA, but the 

Department of Environmental Affairs and Tourism requires a waste disposal 

permit in terms of the Environmental Conservation Act for other waste 

disposal off the mining site. 

 

3.4.3.2 National Environmental Management Act   

 

This act emphasises the responsibility for environmental management of a 

mining or prospecting activity throughout its lifecycle.  
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The act specifically lists the integrated environmental management objectives. 

It aims to: 

‘provide for co-operative environmental governance by establishing 

principles for decision-making on matters effecting the environment, 

institutions that will promote co-operative governance and 

procedures for co-ordinating environmental functions exercised by 

organs of the state; and to provide for matters connected therewith.’ 

 

It creates a duty on all people not to pollute and degrade the environment 

from the beginning to end of any activities undertaken.  Environmental 

Principles set out in chapter 1 of the act that are of importance are: 

• Development must be sustainable and non-destructive 

• Environmental management must be integrated and the best practical 

option must be used 

• All impacts must be assessed and this includes social, economic, and 

environmental aspects 

• The polluter pays for the costs of pollution, degradation of the environment 

and risking the health of communities.   

 

Section 2 of the act outlines national environmental principles, which are 

applicable to prospecting and mining.  The most important are the 

precautionary principle, the preventative principle and polluter pays principle.  
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3.4.3.3 National Water Act  

 

According to Thompson (2006:1), the constitutional mandate relating to water 

gives every person a fundamental right to an environment that is not harmful 

and requires that the environment be protected.  Protection should be 

afforded through reasonable legislation and other measures that secure 

ecologically sustainable development and the use of water resources, while 

promoting justifiable economic and social development. 

 

The act empowers the Department of Water Affairs and Forestry to regulate 

the use, flow and control of all water in the country.  It requires that the 

reserve is determined and that water allocation is restricted in favour of the 

reserve. 

 

Authorisation of water use by the Department of Water Affairs and Forestry 

gives effect to the principles of sustainable utilisation of water resources.  

Authorised water users have a right to the water and a responsibility to carry 

out water use in accordance with the terms and conditions of the 

authorisation. 

 

Regulation 12 of the act prescribes the actions to be taken by the Minister of 

Water Affairs and Forestry when pollution of any water resource is suspected.  

Regulation 14 defines the liability of a manager or his/her employee in cases 

of contravention of the act, and provides for a fine or imprisonment.  It further 
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places a restriction on the location of a mine residue dam, stockpile, mining 

excavation or permanent structure relative to a water resource.  

  

An assessment of impacts relating to water management and pollution control 

at proposed prospecting or mining operations, where appropriate, must form 

part of the environmental impact assessment report and draft environmental 

management programme or plan. 

 

The act is critical as compliance has cost implications for the mines in terms of 

water use authorisation permits, controlled release permits and the waste 

discharge charge system — soon to be implemented. 

 

3.4.3.4 The National Heritage Resources Act  

 

The act requires that no person shall damage, destroy, deface or alter any 

heritage site or change the status of any heritage site (section 27 (18)).  Any 

person who undertakes a development that will change the character of a site 

is required to inform the heritage resources authority and, if heritage 

resources occur, will have to apply for a permit (section 38(1)). 

 

The act, however, stipulates that this requirement does not apply to applicants 

for or holders of prospecting or mining rights issued in terms of the MPRDA 

provided that the information obtained during the environmental impact 

assessment includes an assessment of the heritage resources that may occur 

on site and how those will be protected (section 38(8)). 
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3.4.3.5 The National Environmental Management: Air Quality Act  

 

The object of this act is to give effect to section 24(b) of the constitution in 

order to enhance the quality of ambient air in the environment.  The act must 

also provide reasonable measures (section 2(a)) for : 

(i) The protection and enhancement of the quality of air in the Republic 

(ii) The prevention of air pollution and ecological degradation 

(iii) Securing ecologically sustainable development while promoting 

justifiable economic and social development. 

  

This act will have economic or cost implications for the mines when the 

ambient standards as well as the emission standards are established and 

published.  Mines will be required to have better monitoring equipment and 

might incur fines if they do not comply with these standards.  Management will 

also have to provide air quality management plans and additional reports will 

need to be compiled, all of which will be a cost to the company.  

 

3.4.3.6 The National Environmental Management: Protected Areas Act  

 

The objectives of this act are –  

a) To provide, within the framework of national legislation, including the 

National Environmental Management Act, for the declaration and 

management of protected areas; 

b) …….. 
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e) To promote the sustainable utilisation of protected areas for the benefit of 

people, in a manner that would preserve the ecological character of such 

areas; and ……. 

 

Section 48 (1) of the act states that no person may conduct commercial 

prospecting or mining activities in protected areas such as nature reserves, 

any protected environment or protected areas referred to in section 9(b) 

(world heritage sites) or (d) (specially protected forest areas or forest 

wilderness areas). A person or company that contravenes or fails to comply 

with this act is liable on conviction to a fine or imprisonment. 

 

3.4.3.7 The National Environmental Management: Biodiversity Act  

 

The objectives of this act are – 

a) Within the framework of the National Environmental Management Act, 

to provide for- 

(i) The management and conservation of biological diversity 

within the Republic and of the components of such 

biological diversity; 

(ii) The use of indigenous biological resources in a 

sustainable manner; and 

(iii) …… 

b) To give effect to ratified international agreements relating to 

biodiversity which are binding on the Republic; 
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c) To provide for co-operative governance in biodiversity 

management and conservation; and 

d) ……. 

 

According to Cameron Cross (2006:43), no notices have as yet been 

published in terms o the Biodiversity Act and it is therefore not possible to 

identify those sections in the act that apply to mine environmental 

management, rehabilitation or mine closure. 

 

The act, however, will have economic or cost implications for the mines.  

Mines will be required to compile biodiversity management plans with 

accompanying reports, which will be at a cost to the company.  Threatened or 

protected ecosystems or species must be protected and this will also increase 

the cost component as innovative ways of protection will need to be 

implemented.  An example is the introduction of biodiversity offsets. 

 

3.4.3.8 The National Nuclear Regulator Act  

 

The objects of the regulator are, among others, to: 

• Provide for the protection of persons, property and the environment 

against nuclear damage through the establishment of safety standards and 

regulatory practices 

• Ensure that provisions for nuclear emergency planning are in place. 
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The mining industry, and more specific the gold mining sector, has to comply 

with the act by monitoring and managing underground radon levels.  Another 

issue of concern is the radioactive contamination of mine waste and the 

transport thereof.   Clearance of contaminated sites is costly.  Complying with 

the radiation exposure standards also has a cost implication and will fall in the 

environmental cost category. 

 

3.5 Accounting standards 

 

The mining industry is of huge global economic importance according to IASC  

(2001:1) and yet there are few [national] accounting standards that address 

the critical financial reporting issues facing companies engaged in mining.  

The US National Mining Association estimates that there are over one million 

coal and hard rock mining operations in existence around the world, and the 

mining industry employs over 50 million workers.  IASC further states that 

South Africa falls within the top 10 mining countries in the world based on the 

number of major commodities produced.  South Africa produces 

approximately 44 major commodities including coal, diamonds and gold. 

 

The principles that govern the work of accountants are mainly codified in the 

Framework for the Preparation and Presentation of Financial Statements. 

According to Godschalk (2007:1), the framework is not a standard itself, but 

the concepts contained therein form the basis for the formulation of 

accounting standards. The principles in the Framework have been realised in 

a series of International Financial Reporting Standards (IFRSs), International 
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Accounting Standards (IASs) and International Financial Reporting 

Interpretations (IFRICs). Some of these standards refer explicitly or implicitly 

to environmental issues (Godschalk, 2007:4).  

 

Some examples of relevant international standards are the following: 

• IAS 16 (property, plant and equipment costs (PPE)) — addresses the 

issue of these being acquired for safety or environmental reasons, which 

normally would not qualify as assets if the definition of assets (being linked 

to future economic benefits associated with the item) were to be applied 

strictly.  However, IAS 16 recognises that these costs are necessary for an 

entity to derive future economic benefits from related assets, and should, 

therefore, be recognised as assets. Furthermore, the dismantling and 

associated rehabilitation cost of an installed plant or equipment must be 

capitalised and depreciated over the life of the plant or equipment;   

• IAS 2 (inventories) — if environmentally related equipment is used to 

produce inventories, these costs are, as part of the asset costs, included 

and depreciated in the cost of inventories.  Normal wastage during 

production of inventories is included in the cost of inventories but abnormal 

wastage is directly expensed; 

• IAS 37 (provisions, contingent liabilities and contingent assets) — contains 

requirements on how to measure decommissioning, restoration and similar 

liabilities. Environmental rehabilitation requirements at decommissioning of 

a facility or operation that are related to the operation of the facility, and 

not to the dismantling of the equipment itself, must be provided for. The 

total estimated amount of such rehabilitation should be provided, and this 
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amount may have to be updated annually. In South Africa this requirement 

has led to the establishment of environmental rehabilitation trust funds for 

mining companies to the value of billions of Rands, which is reflected on 

the balance sheets of the companies;  

• IAS 38  (intangible assets) — prescribes the accounting treatment for 

intangible assets (these include environmental rights such as fishing 

quotas or emission rights), except for mineral rights and expenditure on 

exploration for, or development and extraction of non-regenerative 

resources; 

• IFRS 6 (mineral resources) — addresses the recognition, measurement 

and disclosure of mineral resources;  

• IFRIC 1 and 5 — describe specific aspects of decommissioning and 

restoration liabilities as well as environmental rehabilitation funds. It is 

important to note that the requirement or obligation for environmental 

rehabilitation may stem from two sources – a legal obligation or a 

constructive obligation, i.e. where a company has a public policy or an 

established pattern of past practices according to which it accepts 

responsibility for such rehabilitation; and 

• IFRIC 3 (emission rights) — aimed to address accounting for carbon 

credits.  

 

The International Accounting Standards Board states in a project summary 

(IASB, 2003:21) that the extractive industries (mining and oil and gas 

production) are an important economic sector in many economies and few 

jurisdictions have standards in this area. This interpretation by the Board was 
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issued in December 2004, but withdrew in June 2005 for further investigation 

of issues at stake. 

 

There have also been numerous initiatives by both accounting institutes and 

environmental agencies that have produced legislation and guidelines on 

environmental accounting, for example: 

• Canadian Institute of Chartered Accountants — Environmental Cost and 

Liabilities: Accounting and Financial Reporting Issues (1993) 

• Institute for Chartered Accountants in England and Wales — Financial 

Reporting of Environmental Liabilities: A Discussion Paper (1995) 

• American Institute of Certified Public Accountants’ Statement of Practice 

(SOP) 96-1 — Environmental Remediation Liabilities (1996) 

• United Nations Conference on Trade and Development (UNCTAD) — 

Accounting and Financial Reporting for Environmental Costs and Liabilities 

(1999) 

• Commission of the European Communities — Recommendation on the 

Recognition, Measurement and Disclosure of Environmental Issues in the 

Annual Accounts and Annual Reports of Companies (2001)  

• Japanese Environmental Agency — Environmental Accounting Guidelines 

(2005) 

• International Federation of Accountants — International Guidance 

Document: Environmental Management Accounting (2005) 

• Global Reporting Initiative (GRI) — third generation Sustainability 

Reporting Guidelines (GRI 2006) launched in October 2006.  These 

guidelines are comprehensive and well used by the mining industry. 



 
 
 

90 

 

According to Godschalk (2007:1), the successful implementation of EMA is 

dependent on effective communication and collaboration between 

accountants and environmental professionals.  Practice during the 

implementation of EMA has shown that communication between these groups 

of professionals is often hampered by the perceived differences in the 

underlying principles, standards and approaches of their professions.  

 

3.6 Specific environmental management requirements in the mining 

industry 

 

The DME is the primary government institution responsible for formulating and 

implementing mining related policy. It reports to and advises the Minister of 

Minerals and Energy.  The MPRDA, as discussed above, requires the minister 

and companies to take due consideration of the necessity to protect the 

environment from unacceptable damage.   

 

Unacceptable damage (sections 17(1)(c), 23(1)(d) and 38(2) of the MPRDA) 

is not defined.  This brings subjectivity into the act.  Section 3(3) of the act 

refers to the principles contained in the National Environmental Management 

Act section 2.  These principles provide for avoidance of pollution, 

degradation, waste production, etc., but adds that where avoidance is not 

altogether possible, such pollution and other damage must be minimised and 

remedied.  The argument, according to the Mining Law Guide, may be that  
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the meaning of the term unacceptable must be sought in this context and in 

the context of section 24 of the constitution. 

 

The MPRDA (section 37) provides that the environmental principles set out in 

section 2 of the National Environmental Management Act apply to prospecting 

and mining operations.  The principles, in essence, provide that: 

• Development must be socially, environmentally and economically 

sustainable 

• A risk averse and cautious approach must be followed  

• Pollution and degradation of the environment and any disturbance to the 

cultural heritage must be avoided.  Where this cannot be avoided, any 

such pollution, degradation or disturbance must be minimised and 

remedied. 

   

The single most important instrument, according to various authors (Fuggle & 

Rabie, 2003:370; Barnard, 2003:72) for effective environmental management 

in the mining industry is the environmental management plan (for prospecting 

rights) or programme (for a mining right) (EMP). A scoping report and an 

environmental impact assessment (EIA) report precede the EMP.  This is 

intended to be a cost saving measure, as decision making at the time of 

submission of the scoping report will indicate whether to proceed to an EIA 

and an EPM or not.  

 

In essence, the EMP reflects the pre-mining situation, an assessment of the 

impacts that will be generated by the project and how these can successfully 
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be remedied to prevent unacceptable pollution or degradation of the 

environment.  The EMP also contains particulars of the prescribed financial 

provision and of the proposed mine closure plan.  As it contains the action 

plans for the management of the project impacts, it also forms the basis for 

monitoring and performance assessment. The EMP will therefore also provide 

information to assess the environmental costs that will be incurred.  

 

3.6.1 Mine closure environmental and financial issues 

 

Mine closure incorporates a process, which must start with planning at the 

commencement of mining and continue throughout the life of a mine.  It 

should be executed within the framework of sustainable development and 

liked to a range of business related benefits, of effective mine closure, as 

stated by USEPA (1998) and Peck (2005:19).  It is therefore important that 

any risk to elements of the environment must be quantified and managed 

proactively (ICMM, 2005).   

 

Various authorities with different regulatory systems are involved in 

environmental management in the mining industry.  The DME, as lead agent, 

co-ordinates the requirements of the various authorities in the process.  

 

The granting of a closure certificate in terms of the MPRDA, must be the 

result of a structured approach founded on the same philosophy as that of 

integrated environmental management, which recognises a holistic approach, 

a multi-disciplinary analysis and an interdisciplinary synthesis.  
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3.6.1.1 Objectives of mine closure 

 

Mine closure should ensure that, among others (ICMM, 2005; Peck, 2005): 

• Environmental damage or residual environmental impacts are minimised to 

such an extent that it is acceptable to all involved  

• The land is rehabilitated to, as far as is practicable, its natural state, or to a 

predetermined and agreed standard or land use that conforms with the 

concept of sustainable development 

• The physical and chemical stability of the remaining structures should be 

such that risk to the environment is not increased by naturally occurring 

forces to the extent that such increased risk cannot be contended with by 

the installed measures 

• Mines are closed efficiently and cost effectively 

• Mines are not abandoned, but closed in accordance with this policy. 

 

Every effort should be made during the life of a mine to minimise the cost and 

amount of work required during the decommissioning and closure phases. 

The closure plan, as included in the EMP, should include details of the 

financial arrangements for post-closure management or maintenance of 

rehabilitation measures, if required. 
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3.6.1.2 Cessation or premature closure of operations 

 

The MPRDA requires the holder of a prospecting or mining right to notify the 

regional manager concerned in writing before the holder intends to cease 

operations temporarily or permanently. Mines that ceased operations before 

or during the transitional period allowed by the MPRDA, with no intention of 

resuming mining operations, are required to comply with regulations 

regarding safety and health, pollution prevention and the demolishing of 

buildings, structures, etc. at closure.  

 

3.6.1.3 Financial provision 

 

Environmental risk is inevitably associated with development.  In the case of 

the mining industry this risk must be assumed by the holder of the prospecting 

permit or mining authorisation who is required to take steps to manage the 

risk that his actions may impose on third parties.  At the same time it must be 

acknowledged that at a certain stage the holder of the prospecting permit or 

mining authorisation must, once his obligations in terms of the EMP and the 

MPRDA have been fulfilled, be entitled to a closure certificate. 

 

The state, as one of the parties exposed to the risk of inheriting responsibility 

in the above regard, must protect itself from unreasonable exposure.  The 

placing of a prescriptive financial requirement on the mining industry is a 

regulatory option, which may be used to manage exposure to the risk.   
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The purpose of financial provision, according to the MPRDA, is to ensure that: 

• Sufficient funds will be available to the mine owner to successfully 

rehabilitate the land disturbed by the project 

• Funds will be available to the State if the owner fails to rehabilitate or if the 

owner should become incapacitated 

• Funds will be available for disaster management or sudden 

environmentally dangerous occurrences 

• Funds will be available for post-closure management of residual and latent 

environmental impacts.  

 

It is important to note that the quantum of the provision must be based on the 

requirements stipulated in the approved EMP and that ongoing rehabilitation 

costs must be provided from working costs during the life of a mine as set out 

in the approved EMP (DME, 2005).  The financial provision funds will only be 

utilised for the purpose for which they were originally intended and no cross-

subsidisation for rehabilitation between operations conducted by different 

mining companies or persons will be permitted. 

 

In terms of regulation 53 of the MPRDA, financial provision will be by way of 

one or more of the following methods: 

 

• Approved contributions to a dedicated trust fund as provided for in section 

10(1)(cH) of the Income Tax Act, 1962, and/or  

• The depositing of an acceptable amount of money in an account 

(registered in the name of the operator) with the regional manager of the 
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DME where it will be held as a guarantee that rehabilitation will be 

completed satisfactorily, and/or  

• The submission of a guarantee by an acceptable financial institution in 

which the institution guarantees the availability of an acceptable sum of 

money payable on demand to the department, and/or 

• Any other arrangement which is approved by the director-general of the 

DME. 

 

The quantum of the financial provision (regulation 54(1)) is based on the costs 

of environmental management and rehabilitation.  The quantum should be 

calculated on a site-specific basis in accordance with the EMP, using the 

DME’s guideline document by the (DME, 2005). This is because considerable 

diversity exists regarding the impact that will result to different areas of varying 

environmental sensitivity and as a result of different mining methods that may 

be employed.   

 

The costs involved in the following must be taken into account and be based 

on premature or sudden closure of a mine: 

• The rehabilitation of the surface of the area disturbed by the operation 

• The prevention and management of atmospheric pollution 

• The prevention and management of soil and water pollution 

• The prevention of leakage of water and minerals between the surface and 

subsurface formations. 
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In terms of regulation 54(2), the quantum of financial provision must be 

recalculated annually to keep pace with the development of the project and 

must be sufficient to cover the cost of rehabilitation of the affected 

environment if the mine should close that year.  

 

Environmental costs based on legal compliance with the MPRDA and other 

relevant legislation constitute huge amounts.  These amounts are not always 

correctly identified and accounted for in the accounting systems of the mine.  

 

3.7 Summary 

 

Mining and society in southern Africa have come on an epic journey since the 

Iron Age and the discovery of the first diamonds and gold.  The journey has 

both been shaped by and has influenced socio-economic and political forces. 

Environmental concerns and drivers are added to the equation to complete 

the sustainable development concept. 

 

According to Osborn (2002:2), government policies and regulations can be 

considered as the primary driver for raising the environmental performance of 

industry over the past three decades.  

 

The reform of environmental legislation aims to introduce better legal order in 

the field of the protection of the environment and human health, and to 

regulate social and economic behaviour by individuals, corporate bodies and 
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commercial entities within a framework of recognised national and 

international norms and standards (Glazewski, 2000; Barnard et al. 2003).   

 

Since the advent of mining in South Africa, some regulatory measures have 

been in existence for the mining industry to protect and conserve the 

environment.  Legislation dating from 1903 placed responsibilities in this 

regard on the owner of a mine until such time as the owner had been issued 

with a certificate releasing him from such responsibilities.  Current applicable 

legislation provides that the owner of any prospecting or mining right is liable 

for complying with the relevant provisions of the MPRDA and with all the 

environmental responsibilities associated with this right.  

 

By carefully pre-planning projects, implementing pollution control measures, 

monitoring the effects of mining and rehabilitating mined areas, the industry 

minimises the impact of its activities on the neighboring community, the 

immediate environment and on long-term land capability (Australian (a), 

2003:2). 

 

What then will be important to the mining industry as regards the environment 

in the years that lie ahead? Global pressures from media exposure will require 

better communication and more openness on the part of the mines; taxpayers’ 

demands for smaller government bureaucracies will mean increased flexibility; 

and consumers’ concerns for the carrying capacity of the earth will lead to 

greater responsibility for products and reduced emissions. In essence, the 
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industry is going to need to show that it can, and is, operating in a sustainable 

manner (Balkau & Parsons, 1999:10). 

 

The emphasis, therefore, should be on prevention rather than reaction after 

the fact. By anticipating future environmental considerations, environmental 

impact can be minimised, true costs optimised, and real environmental 

impacts avoided. 

 

Against the legislative background, it is necessary to explore environmental 

management tools to assist managers to realise best environmental practices. 
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CHAPTER 4: ENVIRONMENTAL MANAGEMENT  

 

4.1 Introduction 

 

The need for human beings to be conscious of the effects of their actions and 

to conduct their activities to optimise benefits and minimise costs has become 

widely accepted (Fuggle & Rabie, 2003:3). Management is the execution of 

planned controls to achieve a desired outcome.  Environmental management, 

according to Fuggle & Rabie (2003:3), is when management skills and 

techniques are applied to achieve the goals inherent in the nine principles as 

described by Yeld, (1997:18-32) as early as 1997.  

 

The nine principles are: 

• Respect and care for the community of life 

• Improve the quality of life 

• Conserve the earth’s vitality and diversity 

• Minimise the depletion of non-renewable resources 

• Keep within the earth’s carrying capacity 

• Change personal attitudes and practices 

• Enable communities to care for their own environments 

• Provide a national framework for integrating development and 

conservation 

• Create a global alliance. 
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Many people believe that all or most environmental impacts have taken place 

in the modern era and have only recently been discovered.  As Görtz (1999:4) 

points out: activities generating some kind of impact have been going on for a 

very long time, more or less as long as man has been on earth. We judge 

environmental impacts on what is acceptable or not (Görtz, 1999:4).  This 

judgement is, however, very unstable, as our boundaries for acceptance are a 

function of time. 

 

According to various authors (Daly, 1996; Elkington, 1998; Reinhardt, 2000; 

Schaltegger & Burritt, 2000; DEAT, 2007) managers realise that it is 

necessary to approach corporate environmental issues in a more balanced 

and accurate way.  The relationship between environmental and economic 

interests must also be seen as neither purely co-operative nor entirely 

competitive.  Environmental management therefore means managing material 

and energy flows as well as internal and external work flows in the most 

beneficial way – not only for a company’s profit, but also for the environment 

and for the employees.   

 

The United Nations Global Compact lists nine reasons for business to improve 

its environmental performance. These cited by the King Commission 

(2002:240) are: 

• Application of cleaner production and eco-efficiency leads to improved 

resource productivity 

• New economic instruments are rewarding clean companies 

• Environmental regulations are becoming tougher 
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• Insurance companies prefer to cover a cleaner, lower risk company 

• Banks are more willing to lend to a company whose operations will not 

burden the bank with environmental lawsuits or large clean-up bills 

• Environmental stewardship has a positive effect on a company’s image 

• Employees tend to prefer to work for an environmentally responsible 

company (such a company also often has good worker health and safety 

records) 

• Environmental pollution threatens human health 

• Customers are demanding cleaner products. 

 

To be able to incorporate environmental management into their mosaic of 

managerial activities, managers must understand the basic concepts of 

environmental management and how it fits into the modern management 

framework.   

 

4.2 Management in the new millennium 

 

Management and organisational behaviour styles have changed dramatically 

over the last decade.  Although basic management functions have stayed the 

same, the characteristics of the additional functions and focus have changed.  

Management that focuses solely on making a profit without taking the 

environment into account is no longer acceptable.  Organisations must follow 

the latest trends to gain or sustain their competitive advantage.  Managing 

with sustainable development as the fundamental criteria will ensure legal 
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compliance, customer loyalty, shareholder satisfaction and increased 

profitability (Repetto & Auatin, 2000; Howes, 2001; MMSD, 2002). 

 

The King Commission (2002:8) describes the changes in the characteristics of 

organisations as: 

 

‘In decades past, if people had gathered in order to establish a 

company to produce goods, they would have applied to a regulator 

for a licence, hired a premises, bought a plant, and proceeded to 

manufacture without much regard to the impact on the environment, 

or the interests of other stakeholders.  The permission from the 

regulator to manufacture goods would have been the ‘license to 

operate’.  Today, the license to operate a company is much more 

complex.’ 

 

It is further stated by the King Commission (2002:10) that there is a definite 

move by organisations from the single to the triple bottom line, which 

embraces the economic, environmental and social aspects of a company’s 

activities.    

 

Companies should take cognisance of the financial implications of past safety, 

health and environmental (SHE) issues and their possible impact on the 

sustainability of the company.  SHE issues should be dealt with at board level 

and should guide and approve the necessary policy, strategy and structure to 

manage SHE issues (King Commission, 2002:107). 
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The modern manager, promoting and supporting greater environmental 

responsibility, will ensure a competitive advantage for the organisation.  The 

modern manager will also understand that better environmental management 

and better management are the same – a company that manages its impacts 

on the environment well is a well-managed company. 

 

Table 4.1 summarises the management and organisational styles as they 

have changed over the past decade.   By adding an environmental dimension 

to the traditional management style, managers in the new millennium face a 

much tougher challenge to ensure success in their organisations. 

 

These modern management and behaviour styles can be linked to drivers, 

which direct managers towards environmental management.   Modern 

managers must take cognisance of the three pillars of sustainable 

development, these being economy, environment and social issues, and 

proactively integrate sustainable development into strategic and operational 

decision making. 
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TABLE 4.1 Comparison between two management and organisational 

behaviour styles.  Adapted from Byrne (2000) and King Commission 

(2002:242) 

 

Characteristics 20th Century Corporation 21st Century Corporation 

Organisation The pyramid The web or network 

Reach Domestic Global  

Focus Internal  External  

Structure  Self-sufficiency  Interdependencies  

Operations Vertical integration Virtual integration 

Resources  Atoms: physical assets Bits: information 

Source of strength Stability  Change  

Style  Structured  Flexible  

Leadership  Dogmatic  Inspirational  

Motivation  To complete  To build 

Workers  Employees  Employees + free agents 

Job expectations Security  Personal growth 

Strategy  Top-down Bottom-up 

Products  Mass production Mass customisation 

Financials  Quarterly  Real-time 

Inventories  Months  Hours  

Improvements  Incremental  Revolutionary  

Quality  Affordable best No compromise 

Development  Financial gain Sustainable development 

Social responsibility Internal  Internal and external 

Transparency  Financial reporting Sustainability reporting  

Resource use Inefficient use Resource productivity 

Communication  Passive one way Active multi-way dialogue 

Systems  Management systems Life-cycles, business design 

Actions  Reactive  Proactive  

Responsibility  Public relations Corporate governance 

Environmental   End-of-pipe Cleaner production 

Balance  Eco-efficiency Triple bottom line 
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4.3 Environmental management 

4.3.1 Environmental management drivers 

 

Environmentalism in the business context is becoming more complex than 

regulatory compliance or social responsibility.  There is a definite shift from 

environmental management to environmental strategy to accommodate the 

different environmental management (strategy) drivers. 

 

Drivers of environmental management and environmental strategy can be 

grouped into four categories with the different sources of pressure included.  

These categories are (1) resource drivers, (2) social drivers, (3) market drivers 

and (4) coercive drivers. Fig 4.1, adapted from Beaumont, Pedersen & 

Whitaker (1993:10) and Hoffman (2000:17,29) shows the interrelationships 

between an organisation, the drivers and pressures.   

 

These drivers and pressures can be linked to an organisation’s triple bottom 

line and therefore to the financial implications of the environmental strategy of 

that organisation. 
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Business drivers for sustainability have also been described by KPMG 

(2002:26).  Their survey includes approximately 1 900 companies and 469 

reports (other than financial reports).  Some of the main business drivers for 

sustainability identified are: 

• Enhancement and maintenance of reputation 

• Risk reduction 

• Establishing the company as an employer of choice 

• Helping a company to sustain business by reducing costs, creating new 

opportunities, generating additional revenue and building relationships. 

 

The last bullet reflects the link between drivers and effective management 

practices of which the latter ultimately links with environmental management 

and better profitability.  

 

Drivers of environmental management practices alone will not guarantee 

business success.  Performance must be measure and controlled to complete 

the full circle of management functions. 

 

4.3.2 Measuring and controlling performance 

 

Modern businesses are often extremely complex organisations.  Many large 

companies supply a variety of products and services, have operating business 

units located throughout the world and have complex management 

hierarchies and systems.  These companies are usually organised into a 
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number of operating divisions.  These divisions function as profit centres, 

which helps management measure and control the companies’ performance.  

 

According to Atrill & McLaney (1996:258), a single measure of performance 

cannot really capture all the various aspects of divisional performance.  They 

further state that ‘… the things that count are the things that must be counted’. 

Using a variety of different measures of performance that cover both financial 

and non-financial aspects of performance and that are concerned with both 

short-term and long-term achievements will ensure that managers make the 

correct decisions.  If a single measure of performance is used, there is a risk 

that managers may become more concerned with that particular measure 

(and may manipulate its outcome) and therefore the underlying economic 

reality may be overlooked.   

 

Atrill & McLaney (1996:259) point out that the following examples of other 

aspects of performance measures may be utilised: 

• Research and development expenditure (an evaluation of the level of 

investment in research and development, and the benefits derived over the 

longer term can be used) 

• Staff training and morale (it is useful to know how human resources are 

treated as assets and the costs involved) 

• Product quality (maintaining and improving quality may require high levels 

of investment) 

• Productivity (the efficiency of the production process is a valuable 

measure) 
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• Environmental and social concerns (the increasing pressure on companies 

to acknowledge their responsibility towards the environment and to assess 

the impact of their activities on the environment and the community, force 

companies to include this measure of performance). 

 

The only way that managers will be able to live up to modern expectations is 

to have a clear understanding of sustainability issues within their 

organisations.  Managers will, by measuring and controlling the environmental 

performance of the organisation, be able to incorporate the sustainable 

development pillars (environmental, social and economic issues) into their 

decision-making process. To be able to measure and control, managers must, 

however, have relevant and reliable environmental information both physical 

and monetary.   

 

4.3.3 The need for environmental information 

 

Good decisions are based on knowledge about the topic being considered.  

According to Schaltegger & Burritt (2000:43), decisions can only be improved 

if data related to a desired goal, are used.  They further explain that only 

purpose-oriented data, or information, managed correctly can be beneficial to 

a company by helping to achieve desired goals. 

 

Horngren et al. (2002:293) states that managers often adopt a personalised 

approach for deciding among different courses of action.  The most important 

issue still being the relevance of the information gathered to make decisions.  
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It is important to realise that both quantitative and qualitative information is 

necessary to take calculated decisions.  In the environmental sphere the 

quantitative and qualitative basis of the information needed forms the 

cornerstone of environmental decision making.  

 

The fact that more companies collect environmental data now than they did a 

decade ago does not say anything about how well they manage the data 

(Schaltegger & Burritt, 2000:38).  The availability of relevant information also 

seems to be a hurdle to the effective management of the environment.  

Various authors give the following reasons: 

• Environmental data collection is poorly co-ordinated within a company 

• Top management has not previously given high priority to organised 

environmental information creation and collection 

• Activities of managing corporate environmental data are often not oriented 

towards a clearly defined, overarching objective 

• Establishing information management systems are costly. 

 

It is important to use relevant information to manage the environment and the 

costs of alternative actions.  Past information is only relevant if it contributes to 

better decisions for future activities or projects.  Horngren, Foster & Datar 

(2000:379) point out that managers need to focus on the future because every 

decision deals with selecting courses of action for the future. Nothing can be 

done to alter the past. 
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Some key environmental management concepts and principles form the basis 

for obtaining the much needed environmental information.  

 

4.4 Environmental management concepts and principles 

4.4.1 Sustainable development 

 

Sustainability is a derivative of the term ‘sustainable development’ as 

described in the Brundtland report as ‘development that meets the needs of 

the present without compromising the ability of future generations to meet 

their own needs’ (Barnard et al, 2003; DEAT, 2007).  

 

In a corporate context, according to the King Commission (2002:91), 

‘sustainability’ means that each enterprise must balance the need for long-

term viability and prosperity – of the enterprise itself and the societies and 

environment upon which it relies for its ability to generate economic value – 

with the requirement for short-term competitiveness and financial gain.  

 

In the 10 years since the Rio Earth Summit, there has been a substantial 

growth in the development of guidelines and codes of practice aimed at 

improving corporate social and environmental performance.  While none of 

these initiatives on its own provides a single all-encompassing standard for 

corporate sustainability, collectively they provide a valuable indication of what 

is required for companies to meet the ‘triple-bottom-line’ of sustainable 

development (BCSDSA, 2002b:1). 
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According to the King Commission (2002:11) the economic aspects involve 

well-known financial aspects as well as non-financial ones relevant to a 

company’s business.  The environmental aspects include the effect on the 

environment of the product or services produced by the company.  The social 

aspects embrace values, ethics and the reciprocal relationships with 

stakeholders other than the shareholders. Table 4.2 is a summary of some of 

the indicators for corporate sustainable development.  BCSDSA (2002d:3) 

quoted Bjorn Stigson, President of the World Business Council for Sustainable 

Development (WBCSD), stating that ‘within the business world, the 

environment and sustainable development used to be thought of as risk 

factors.  Today they are increasingly seen as opportunities’.  

 

Schaltegger & Burritt (2000:93) describe the consideration of benefits and 

costs of sustainable development and eco-efficiency.  The interactions of the 

three dimensions of sustainable development, namely economic, 

environmental and social dimensions, are: 

• Economic activities can cause social impacts 

• Social impacts can lead to economic benefits and costs 

• Social opportunities and problems can accompany environmental impacts 

• Environmental issues can include social benefits and costs 

• Economic activities can have environmental impacts. 

 

 

 

 



 
 
 

114 

Table 4.2 Industrial sustainable development indicators.  Adapted from 

BCSDSA  (2002d:2). 

Economic elements 

(developing financial 

capital ) 

Environmental elements 

(protecting natural 

capital ) 

Social elements 

(promoting social capital ) 

Employment creation Promoting energy and 

water efficiency 

Poverty alleviation 

Ensuring 

competitiveness in 

global market 

Maintaining biodiversity Provision of education and 

training 

Increasing foreign 

exchange reserves 

Addressing climate change Reducing crime 

Developing skilled 

workforce 

Maintaining air and water 

quality 

Access to housing and basic 

infrastructure 

Maximising natural 

resource productivity 

Minimising waste and 

pollution 

Protecting consumer rights 

and interests 

 Preventing/remediating 

land contamination 

Ensuring health and safety in 

the workplace 

 Promoting use of 

renewables 

Promoting community health 

 

The World Coal Institute (Australian (b), 2003:1) recognises and accepts the 

challenges of sustainability. In addressing the challenges of sustainable 

development, three basic and inter-related objectives must be met: 

• Economic security and prosperity 

• Social development and advancement 

• Environmental sustainability. 

 

Coal, according to the Australian Coal Institute (Australian(b),2003:2), is the 

world’s most abundant and widely distributed fossil fuel resource. This 

emphasised by the role coal has played in underpinning world economic and 
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social progress. The coal industry recognises the need to address issues that 

challenge the role of coal in the transition to a more sustainable society. 

These include health impacts from the domestic use of coal; environmental 

impacts from emissions associated with the use of coal; environmental 

impacts associated with coal production; and economic and social 

contributions during and at the conclusion of mining activities. 

 

In addressing these issues and to give practical effect to sustainable 

development, the World Coal Institute (WCI, 2003:1) has identified five key 

actions, two of which are: 

• Minimise coal production impacts on the biosphere (land, water and air) 

and on local communities; improve the technical and economic efficiency 

of energy conversion, thereby minimizing resource use 

• Significantly reduce ‘per unit’ emissions from the production and use of 

coal. 

 

According to the United Nations (2005:30) of the Millennium Goals, goal 7, to 

ensure environmental sustainability, describes environmental sustainability as 

using natural resources wisely and protecting the complex ecosystems on 

which our survival depends.  It sets the target to ‘integrate the principles of 

sustainable development into country policies and programmes and reverse 

the loss of environmental resources’.  Most of the South African legislation 

described in chapter 3 includes sustainable development as a basic principle. 
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Business and Sustainable Development (2005:1) explains that growing 

environmental concerns, coupled with public pressure and stricter regulations 

are changing the way people do business across the world.  Industry is on a 

three-stage journey, illustrated in Figure 4.2, from environmental compliance, 

through environmental risk management, to long-term sustainable 

development strategies.  Legislative compliance alone will not ensure that an 

organisation shows positive growth in both environmental performance and 

economic performance.  Organisations must move from compliance through 

risk management to sustainable development.   

 

 

Figure 4.2.  The sustainable journey.  Source BSD (2005:1).  

 

Some of the environmental management tools needed to manage sustainable 

development will be discussed later.  It is important to realise that not just one 

single environmental tool will assist management to reach sustainable 

development goals, but that a suite of tools must be used in an integrative 

manner.    
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UNEP (2002:11) further states that sustainable development incorporates a 

nation’s ability to meet its economic, environmental and social aspirations.  It 

recognises the Agenda 21 principles of pollution prevention, polluter pays and 

precaution.  Sustainable minerals development means a lifecycle approach to 

products starting with exploration to find ore bodies, to materials extraction, 

through production, fabrication (beneficiation), re-use and recycling.  It means 

development that is economically viable, financially profitable, environmentally 

sensitive and socially responsible.  But more than that, sustainable minerals 

development is about development and mining’s contribution to economic 

development where it occurs.   

 

Sustainability issues are local issues.  They involve different factors, in 

different regions and in different countries.  Migrant labour, rural and local 

economic and social development, the need for front-loaded mine closure 

plans, and early warning systems on the environment are basic issues in 

South Africa and must be factored into local project development equations.   

 

Hugo (2004:230) states that the issue was not whether to grow or develop, 

but rather how to grow.  Growth cannot continue indefinitely in situations 

where resources are finite it must be based on sustainable development and 

other principles such as eco-efficiency.  
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4.4.2 Eco-efficiency 

 

According to BCSDSA (2002a:2), eco-efficiency is, in its simplest terms, about 

producing more value with less input of energy and material and with reduced 

emissions. It seeks to achieve this through incremental efficiency 

improvements within existing processes, as well as by identifying innovative 

approaches throughout a product’s lifecycle.  

 

Eco-efficiency is the more efficient use of materials and energy to reduce 

economic costs and environmental impact (Ecosteps, 2003:2).  Schaltegger & 

Burritt (2000:238) explain that eco-efficiency is a key tool for measuring how 

much environmental protection has been achieved with limited financial 

resources.  Eco-efficiency can also be defined as the ratio between an 

economic measure and an environmental indicator.  This is particularly helpful 

when implementing EMA. 

 

4.4.3 Cleaner production 

 

According to Ecosteps (2003) and Environment Australia (2000) cleaner 

production means, using the UNEP definition, ‘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’.   

 



 
 
 

119 

Its application to mining can be described as a key part of the continuous 

improvement process aimed at maximising resource usage and operational 

efficiency over the entire lifecycle and continuously minimising waste disposal 

and rehabilitation requirements.  It is a process of continuous improvement in 

environmental and economic performance (Environment Australia, 2000).  

Cleaner production successfully integrates and implements a range of well-

known concepts of good environmental practice – pollution prevention, waste 

minimisation, recycling and re-using of waste resources as a new product.   

 

The cleaner production approach most effectively addresses the wastage of 

natural resources and thus environmental impacts. A number of cases, 

according to Parker (1998:40), have shown that such an approach often leads 

to economic improvements in the company owing to reduced waste, reduced 

costs for control and legal issues and better stakeholder relations. The studies 

have also shown a connection between environmental and financial 

performance linked to cleaner production practices.  

 

4.5 Environmental tools 

4.5.1 Lifecycle assessment  

 

According to SABS (1997a:2) and DEAT (2004) lifecycle assessment is the 

calculation and evaluation of the environmentally relevant inputs and outputs 

and the potential environmental impacts of the lifecycle of a product, material 

of service.   
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Lifecycle assessment, sometimes also referred to as ‘cradle-to-grave’ 

assessment, provides a systematic approach to measuring resource 

consumption and environmental releases (to air, water and soil) associated 

with products, processes and services.  It can be a useful tool for making 

decisions about alternative products, processes and technologies used for 

cleaner production or eco-efficiency (Norris, 2001:118).   

 

Lifecycle assessment methodology does not include either the internal or the 

external economic aspects of decision-making (Norris, 2001:118).  Norris 

further argues that it and lifecycle cost analysis have major methodological 

differences (summarised in Table 4.3).  These differences originate from the 

fact that both methods are designed to provide different sets of information. 

Lifecycle cost analysis is more appropriate when dealing with environmental 

cost accounting methodologies.  

 

Meaningful integration of economic analysis into the lifecycle assessment 

require additional dimensions to methodology; that is the introduction of cost 

variables and the ability to capture risk and work with probabilistic scenarios 

(Norris, 2001:118; Griese, 2003).  Total cost assessment methodology, as an 

example, provides a method to integrate the monetary dimension, lifecycle 

cost analysis, with lifecycle assessment. 
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Table 4.3. Lifecycle assessment and lifecycle cost analysis approaches. 

Adapted from Norris (2001:118). 

 

Tool/Method Lifecycle assessment Lifecycle cost analysis 

Purpose Compare relative environmental 

performance of alternative 

product systems for meeting the 

same end-use function, from a 

broad, societal perspective. 

Determine cost-

effectiveness of alternative 

investments and business 

decisions, from the 

perspective of an economic 

decision maker. 

Activities 

considered part of 

the ‘lifecycle’ 

All processes causally 

connected to the physical 

lifecycle of the product; including 

the entire pre-usage supply 

chain; production processes; use 

and end-of-life processes. 

Activities causing direct 

cost or benefits to the 

decision maker during the 

economic life of the 

investment; as a result of 

the investment. 

Flows considered Pollutants, resources, and inter-

process flows of material and 

energy. 

Cost and benefit monetary 

flows directly impacting 

decision making. 

Units for tracking 

flows 

Primarily mass and energy; also 

volume and other physical units. 

Monetary units. 

Time treatment 

and scope 

The timing of processes and 

releases or consumption flows 

are traditionally ignored; impact 

assessment may address a fixed 

time window of impacts, but 

future impacts are generally not 

discounted. 

Timing is critical. Present 

valuing (discounting) of 

costs and benefits. Specific 

time horizon scope is 

adopted, and any costs or 

benefits occurring outside 

that scope are ignored. 
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While lifecycle assessment and lifecycle cost analysis can be useful, it is both 

expensive and difficult.  Environmental impacts of raw material extraction 

(within the mining industry) and production processes may vary from country 

to country and even from region to region.  Another problem is the 

subjectiveness of the assessment regarding the weightings of the emissions 

and effluents. The sheer number of allocations, evaluations and calculations 

of various kinds involved in lifecycle assessment calls into question the 

precision of the results (Parker, 1998:115).   

 

4.5.2 Environmental management systems 

 

An important development that has occurred since the Rio Earth Summit in 

1992 has been the development of environmental management systems, 

such as the ISO 14001 of the International Organisation for Standardisation, 

Eco-management and Audit Scheme and the BS 7750 of the British 

Standards Institution (Schaltegger & Burritt, 2000:374).  These provide 

companies with a standardised and systematic means of addressing 

environmental concerns.  It also provides an opportunity to receive 

internationally recognised third-party certification and thereby open up 

possible market opportunities. 

 

According to Schaltegger & Burritt (2000:374) standard setting organisations 

have formulated standards against which corporate management systems can 

be audited.  Standards can be set for pollution and emission levels, quality of 

natural resources and management systems.  The question is what is the 



 
 
 

123 

value of standards in terms of mining and sustainability (UNEP, (2002:13). 

Standards could be useful provided that they have measurable performance 

factors that are also actionable, responsible and timely.  Certification must be 

worth having, that is, to be effective; standards must require demonstrable 

positive effects and must have means to deal with non-compliance.   

 

Parts of an environmental management system are the identification of 

environmental significant aspects, conformity with legislation, and 

establishment of a proactive environmental policy. A functioning 

environmental management system helps to find weak points within a 

process, i.e., meaning cost reduction potentials.   

 

Environmental management systems, as shown in Figure 4.3, form the 

overarching tool to enable management to manage the environment.  These 

start with goal setting and end with environmental audits.  Schaltegger & 

Burritt (2000:380) argue that environmental management accounting must be 

comprehensively incorporated into the environmental management process. 
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4.5.3 Environmental impact assessment 

 

The first step in the process of successful environmental management for 

sustainable development should be the action of allocating the right activity 

(project) to the right site by using the correct environmental management tool 

(Hugo, 2004:267).  It is thus necessary to go through the process of assessing 

the suitability of terrain and project.  This should be done by means of 

environmental evaluation or environmental impact assessment (EIA). 

 

The primary purposes of environmental evaluations are, according to Fuggle 

& Rabie (2003:762): 

• To aid decision making by providing objective information on 

environmental consequences of actions, plans and projects 

• To provide sound, comprehensive data to inform and direct development 

planning 

• To analyse plans and objectives so as to ensure that benefits are 

maximised and that negative effects are mitigated to the greatest extent 

possible 

• To propose solutions to problems that may arise through interactions 

between the environment and project actions 

• To communicate information on the positive and negative effects of 

development proposals to both decision-makers and interested parties. 
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One method of environmental evaluation is environmental impact analysis, 

which is process of an EIA by which the environmental impact of a project is 

determined (Fuggle & Rabie, 2003:764).  

 

An EIA is a regulatory requirement in South Africa and must be done for every 

new project and although mining is not listed in the National Environmental 

Management Act regulations, EIA’s have been done by the mining industry as 

part of the environmental management plan as regulated by the MPRDA.  

 

4.5.4 Environmental auditing  

 

An important component of effective management systems is comprehensive 

audits.  During the last decade there was dramatic growth in the development 

and implementation of environmental audits.  These audits are now changing 

and becoming sustainability audits, assessing both the social and 

environmental impact of an organisation, relative to its own aims and the aims 

of its stakeholders.  These sustainability audits need to be repeatable, 

comparable, independently undertaken, systematic, representative in content 

and the findings publicly disclosed.  Schaltegger & Burritt (2000:382) argue 

that the main use of environmental auditing is as a checklist of compliance 

with company policies and regulatory requirements and standards.    

 

Two sections of the King report have been allocated to auditing (King 

Commission, 2002).  Both internal and external auditing are discussed and 
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recommendations given regarding the scope and auditing process to ensure 

sound corporate governance. 

 

SABS (1996b) and SABS (1996c) describes the principles and procedures for 

environmental auditing.  These principles and procedures are also applicable 

to any type of auditing of certain facets of environmental management and 

could also be used for environmental accounting audits.  

 

According to DEAT (2004a:12), environmental audits can add value to the 

management approaches being taken by companies and organisations and is 

a way of identifying, evaluating and managing environmental risks (known or 

unknown).  The current focus is on shifting business priorities from a financial 

profit bottom line to a broader ‘triple bottom line’.  This means that 

organisations and mines need to collect more data and evaluate performance 

on a wider and more diverse basis.    

 

4.5.5 Environmental reporting 

 

Environmental reporting, as it has been understood for the past few years, is 

no longer comprehensive enough if used to reflect sustainable development in 

the true sense.  As described by KPMG (2002:9), the survey shows that more 

companies are preparing reports on their sustainability performance in 

addition to their annual financial report.  
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Reichardt (2005) reviewed the sustainability reports covering 2001 – 2004 

reporting cycles of 10 major, South African based, gold and platinum group 

metals miners.  The results were compared against two of the largest mining 

multinationals with significant South African presence and recognised leaders 

in terms of performance and reporting.    Reichardt (2002:6) concluded that 

while most of the company reports consistently cover a wide range of 

sustainable topics, less than half of the coverage, in terms of topics 

discussed, is supported by quantitative data whose year-on-year comparison 

would allow stakeholders to assess company progress. This suggests that the 

majority of the sustainability reporting of South African mining companies is 

still not providing information that would allow their stakeholders to judge more 

than selected aspects of their performance over time.  Reichardt did not report 

on the monetary data linked to the sustainability topics, which indicates an 

absence thereof.    

 

Rogers (2005:58) describes environmental financial reporting as the activity 

associated with the presentation of financial and non-financial environmental 

information in financial statements. The balance sheet shows, at a particular 

time, the resources owned by the reporting entity (assets) and what the entity 

owes to other parties (liabilities).  The income statement provides a 

perspective on the financial performance of the enterprise over the accounting 

period.  The income statement shows the source of income (revenue), the 

associated costs to generate that income (expenses) and the resulting profit 

or loss (net income).  
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According to Rogers (2005:58), voluntary reporting of non-financial 

information concerning an enterprise’s social responsibility or environmental 

impact is an increasingly important consideration for large public companies.  

Standards such as the Global Reporting Initiative now exist for voluntary use 

by organisations for reporting on the economic, environmental and social 

aspects of their activities, products and services. 

 

The Global Reporting Initiative (2005:20) recognises that the mining and 

metals industry is generally characterised by long and complex production 

chains. Reporting that would be particularly valuable would highlight materials 

stewardship activities such as communications of materials and product-

related information to users up and down the value chain as well as the 

overall approach to, and progress with, use of lifecycle assessment to improve 

processes and products.   The use of the Global Reporting Initiative 

performance indicators makes comparability possible.  These indicators can 

also be linked to a comparison of the environmental costs associated with a 

company’s environmental performance.   

 

Cost taxonomies developed for the purposes of financial reporting and 

national reporting are prominent, and have influenced the kind of 

environment-related cost information collected and reported to external 

stakeholders (IFAC, 2005:21). There are potentially many links between EMA 

and the inclusion of environment related information in financial reports. For 

example, as requirements for environmental content in financial reports 

increase, organisations can draw on information originally collected for 
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internal EMA purposes to help fulfil their external reporting requirements IFAC 

(2005:14).  

 

4.5.6 Environmental modelling 

 

Economic activities and environmental quality are interconnected.  Production 

and consumption activities result in desirable products and undesirable by-

products.  Changes in environmental quality can be understood only with 

integrated models that include products and processes, by-products and 

environmental pollution control investments.   

 

According to Ford (1999:3), a model is a substitute for a real system.  Models 

are used when it is easier to work with a substitute than with a real system.  

Models are very important when we try to predict future trends, different 

scenarios or make decisions on different options.  Ford (1999:4) further 

explains that models can help us develop our instincts for managing complex 

environmental systems.  A mathematical model can capture the key 

interrelationships in a system and a well-documented model will allow others 

to appreciate and understand the assumptions and the conclusions obtained 

using the model.   

 

Traditional economic models and policies usually disregard, or at best 

undervalue, the roles of the ecosystem upon which production and 

consumption activities depend, and the damage such activities bring about in 

the environment by impairing the provision of other vital functions 
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(Mahendrarajah, Jakeman & McAleer, 1999:1).  The authors further state that 

human perception of change in an environmental or resource system is 

reflected in a change of the value attached to it.  Value is a central concept in 

economics and forms the basis for understanding scarcity of resources, 

including environmental resources and the economic problem of allocating 

them among alternative uses.   

 

Sustainable development as a challenge for global and local change, and as a 

modern management methodology, must comply with interdependent 

requirements of economic efficiency, social equity and ecological stability. 

Mahendrarajah, Jakeman & McAleer (1999) and Ford (1999) all agree that 

there is no unique nor single correct description of the real world or 

organisational system.  The challenge for improved sustainable development 

therefore is for a joint initiative, including integrated economic/ecological 

modelling, monetary modelling and a definition of terms of sustainability. 

 

4.5.7 Environmental performance indicators 

 

Environmental performance evaluation, is an internal process that uses 

indicators to provide information comparing an organisation’s past and 

present environmental performance with its environmental performance 

criteria (SABS, 1999:3).  This evaluation follows a ‘plan-do-check-act’ 

management model.  The environmental criteria are environmental objectives, 

targets or other levels of environmental performance set by management and 

used to evaluate or monitor performance. 
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According to Peck (1997: 16) and Parker (1998:8), performance indicators 

can be defined as a finite set of quantities chosen to reflect certain aspects of 

an organisation. 

 

Environmental, Health and Safety (EH&S) leaders often take steps to quantify 

and communicate the financial benefits of selected activities, however, very 

few attempt to link their overall performance to the company’s financial 

performance (McDanniel, Gadkari & Fiskel, 2000:127).  

 

McDanniel, Gadkari & Fiskel (2000:127) note that EH&S managers can 

identify their net contribution to a company’s financial performance by 

rigorously tracking and reporting a new financial indicator — environmental 

economic value added. This type of indicator highlights the specific activities 

that have a significant positive or negative impact.  

 

Indicators can help EH&S decision makers (McDanniel, Gadkari & Fiskel 

(2000:127): 

• Evaluate various alternatives to achieve compliance 

• Determine which voluntary activities are prudent 

• Identify cost reduction opportunities. 

 

Financial considerations alone should not drive every environmental decision. 

Many other factors, such as risk reduction, are also critical to business 

success.  However, systematically considering financial performance in 
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strategic and tactical EH&S decisions can greatly increase an organisation’s 

ability to secure funding and senior management support (McDanniel, Gadkari 

& Fiskel, 2000:127). 

  

Loayza (1999: 286) argues that a company’s environmental performance can 

be assessed by reference to its pollution per unit of output.  Pollution can be 

evaluated by changes in the following parameters: 

• Metal recovery and head grade – mineral production involves the 

processing of large amounts of ore to obtain small amounts of metal.  

Because 10% of the metal content cannot be economically recovered, a 

portion of the metal content is disposed of in the environment.  The ratio of 

metal recovered to total content in the feed ore is the metal recovery rate 

• Water recycling and treatment – water is a vital input in the mining 

industry.  The pollution caused by a mining operation is, therefore, heavily 

affected by its water and waste management practices 

• Disposal of waste – mining operations generate a variety of solid wastes, 

i.e. mine waste, waste from metallurgical plants and scrap from old 

equipment. Pollution per unit output relates not only to the quantity and 

toxicity of the waste, but also to waste disposal practices on the mines 

• Reagent consumption – chemical substances are used in processing 

minerals and are ultimately discharged into the environment.  The 

estimated loss of reagents in tailings and waste water from reagent 

consumption per ton of ore treated will give an indication of the mine’s 

environmental performance. 
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The United Nations Committee of Experts on Environmental-Economic 

Accounting (2006:13) explains that the traditional controversy about whether 

monetary or physical indicators are better suited is futile.  Both types will be 

needed.  Most of the information required for analyses and decision-making 

will be available, but in various dimensions.  The Committee further refers to 

the fact that an interdisciplinary approach is an indispensable requirement 

when dealing with the issues in a manner that is adequate to the problem and 

for achieving acceptance of results. Although that an interdisciplinary 

approach seems to be a matter of course, it is seldom met in practice work 

because it conflicts with the various disciplines striving for methodical 

consistency.  However, it is inconceivable that nature can be integrated into 

economic balances without taking account of elements of monitoring and 

covering natural processes and situations. 

 

4.6 Environmental issues in financial accounting and reporting 

 

Schaltegger & Burritt (2000:161) suggest that the main environmental topics 

in company financial accounting are the recognition, measurement and 

disclosure of environmentally related economic impacts on business.  Current 

financial accounting standards differ between countries and jurisdictions and 

can substantially influence the economic results of a company.  Attempts have 

been by made by various institutes and associations to develop an 

internationally acceptable set of standards for financial reporting in order to 

help promote comparability between companies, for one company over time 

and for similar transactions recorded in different countries. 
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Rogers (2005:58) notes that environmental liabilities, environmental asset 

impairments and intangible environmental assets all appear on the balance 

sheet of a company.  Clean-up costs, pollution control costs, accruals for 

environmental liabilities and asset impairment losses all appear on the income 

statement as expenses or losses.  Proceeds from environmental insurance, 

environmental indemnity agreements and other rights of recovery appear on 

the income statement as revenues offsetting associated expenses. 

 

Until recently, environmentally induced financial impacts were considered to 

be adequately covered under existing accounting and reporting standards and 

regulations.  The increasing number of environmental issues has generated 

substantial financial consequences for companies.  Various ‘customers’ of 

financial statements have started to influence standard setting bodies and 

regulators to get them to alter existing, and create new reporting standards, 

regulations and guidelines.  

 

4.7 Environmental information and decision making 

 

A well-balanced decision making process, whether for environmental, social 

or economic issues, depends on a comprehensive, sufficient and reliable data 

base.  All stakeholders should also be able to trust that the data used is as 

transparent as possible.  According to Parker (1998:2), two underlying forces, 

drive corporate interest in environmental performance data.  The first is a 

growing demand from company stakeholders, based on an increased interest 
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in environmental issues.  The second reason is the internal need for 

information by decision makers and the need for information about goal and 

targets that have been decided upon. 

 

In addition to all the known environmental management tools, mining 

companies need to understand and use the new environmental management 

accounting methods to reveal previously hidden expenses (UNEP, 2002:15). 

 

4.8 Environmental accounting 

 

Companies cannot ignore environmental accounting as a new discipline when 

sustainable development is part of their fundamental management strategies.  

 

The King Commission (2002:111) states that to make environmental 

corporate governance principles effective, they should be integrated into the 

financial components and other aspects of a business.  This gives the board 

[management] a reason to take cognisance of the environment and enables 

directors to justify any related expenditure to shareholders.  The financial 

issues to be considered include: 

• Placing a realistic price on natural resources such as water and energy 

• The implications of environmental performance and management as a 

trade barrier, whether real or artificial, where foreign trading partners may 

demand that a company has implemented certain environmental 

monitoring standards, before trading with it or allowing it to do business 
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• The benefit of the development and active participation in environmental 

financial indices, such as the Dow Jones Sustainability Index or local 

equivalent green funds 

• Competitiveness issues, such as introducing cleaner technology and 

reducing reliance on non-renewable resources (King Commission, 

2002:112). 

 

The ultimate problem that the mining industry faces is that the current financial 

measure of the success of the industry captures little, if anything, of the costs 

of environmental management and compliance and environmental damage 

(Gray 2001).  This is because accounting and economics measures generally 

only recognise objects or activities to which a monetary value can be 

attached.  Consequently the mining industry may be sending messages of 

economic and financial wellbeing while destroying natural resources.  

 

The principle aim of EMA should be accounting for sustainable development.  

Companies within the South African mining industry should recognise that 

their long-term future and sustainability is inescapably linked to their ability to 

reduce environmental impacts and continuously improve their overall 

environmental performance.  Being aware of their environmental costs (and 

benefits), can assist managers in their strategic planning and help them to 

reduce the company’s exposure to future environmental risks and liabilities 

(Howes 2001).  Without adequate and appropriate systems to account for 

environmental costs, it is unlikely that companies will be able to meet the 

future expectations of their customers and stakeholders toward sustainable 
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development and the requirements of more stringent environmental 

legislation. 

 

The mining industry could improve the accuracy of its balance sheet and 

investment project calculations by adopting more rigorous costing systems or 

EMA to keep track of the actual costs of their waste management efforts 

including lost resources, mine closure and site rehabilitation (UNEP 2002).  

Using EMA to carefully track, account for and report cleaner production 

initiatives, will ultimately force management to recognise both cleaner 

production and EMA as useful and essential environmental management 

tools. Sustainability reporting could be one of the management tools enabling 

managers to disclose environmental costs linked to both cleaner production 

initiatives and sustainable development. 

 

4.9 Summary 

 

The United Nations Global Compact as cited by the King Commission 

(2002:240) summarises the importance of environmental management by 

describing ways to reconcile environmental protection and economic growth.  

The preventative approach to environmental problems must be embedded in 

company policies and practices, resulting in both environmental and economic 

benefits. 

 

King further advises that success in a globalising economy requires a 

redefinition of a company’s policies and practices resulting in efficient use of 
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economic capital and the ability to build, sustain and effectively deploy human, 

social and natural capital. 

 

Policy responses must be flexible and recognise that there is no one single 

solution to sustainability challenges.  Effective, least cost outcomes will need 

markets to operate with minimum distortion, and to encourage innovation and 

eco-efficiency in creating enhanced economic value with reduced 

environmental impacts (WCI(a), 2003:2). 

 

By using some of the environmental management tools described, mining 

companies will be able to manage their performance in compliance with 

legislative regulations and standards and be able to determine the actual 

environmental costs associated with good environmental performance.  

 

Environmental management accounting as a tool to gather environmental 

information and utilise the information effectively to improve environmental 

performance will be discussed in the next chapter.  
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CHAPTER 5: ENVIRONMENTAL MANAGEMENT ACCOUNTING 

  

5.1 Introduction 

 

A company’s long-term profitability depends on the quality of the products or 

services it offers, the demand for the products or services, and its ability to 

produce efficiently.  Efficient production means maximising output for a given 

level of input.  White (1999:27) emphasises that companies that consistently 

produce efficiently create a sound competitive advantage.  An important 

element of efficient production is the accurate and uniform measurement of 

inputs and outputs. Accounting systems can provide the information required 

to measure performance. 

 

Accounting can be seen as an information system in its own right.  Financial 

or monetary information flows through business organisations and is amassed 

by those organisations.  The role of accounting is to collate information, 

organise it in a meaningful way, and then distribute it to those who will make 

use of it to make decisions.  Decisions will result in actions, which will produce 

results.  The results go back into the accounting system to form a continuous 

cycle (Fleming & McKinstry, 1995; Atrill & McLaney, 1996; Hongren et al., 

2002). 

 

In thinking about the various kinds of information that different decision 

makers require, it is important for financial data to be presented in different 

formats.  The word accounting, as explained by Fleming & McKinstry 
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(1995:5), is a generic term describing various tasks that, although they have 

money as a central theme, are substantially different.  Accounting can be 

viewed as containing three main streams: a) financial accounting, b) 

management accounting, and c) financial management; as well as some 

specialised streams, e.g. environmental accounting. 

 

According to Gray (2001:10-11) there has been noteworthy progress in 

environmental accounting.  Elements of conventional management accounting 

have been redefined and costing systems are now supporting environmental 

management initiatives.  

 

Environmental accounting needs to be analysed and its usefulness, 

integration and acceptance within the South African mining industry must be 

determined.   

 

 The following section looks at accounting as the basic discipline leading into 

different streams of accounting, which encompasses the specialised 

accounting stream of environmental management accounting.  

 

5.2 Accounting 

 

Accounting is a discipline that serves various purposes.  It is not simply the 

preparation of financial statements and reports, but assists users of 

accounting information to make informed decisions (Atrill & McLaney, 1998:3).  
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This decision-making perspective of accounting fits in with the theme of this 

thesis and also defines a way of dealing with environmental management. 

 

Accounting can be seen as an important part of the total information system 

within an organisation. Users of information systems, both inside and outside 

an organisation, have to make decisions concerning the allocation of scarce 

economic [and natural] resources (Atrill & McLaney, 1998:3).  An accounting 

system provides the information needed to ensure that these resources are 

allocated efficiently and effectively.    

 

The language used to describe accounting systems varies and the following 

section provides a very brief introduction to some common accounting 

concepts (IFAC, 2005:12).     

 

5.3 Financial and management accounting 

 

The two broad categories of accounting that typically take place within an 

organisation are financial accounting and management accounting (IFAC, 

2005:12).  

 

According to Atrill & McLaney (1998:13-14); Warren, Reeve & Fess 

(1999:634-635); and Horngren et al. (2002:6-7), the distinctions between 

management accounting and financial accounting are the following:   
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• Management accounting measures and reports financial information and 

other types of information that are intended primarily to assist managers in 

fulfilling the goals of an organisation   

• Financial accounting focuses on external reporting and is directed by 

authoritative guidelines. 

 

 Schaltegger & Burritt (2000:90) and IFAC (2005:12) note that financial 

accounting focuses on several types of financial information.  An 

organisation’s financial statements provide information on annual revenues 

and expenditures in an income statement; the balance sheet reports assets, 

liabilities and equity at a specified date.  Financial accounting activities include 

data collection, account balancing, auditing of financial statements and 

external reporting. 

 

Management accounting, according to Schaltegger & Burritt (2000:90) and 

IFAC (2005:12), focuses on both monetary and non-monetary information 

(e.g. cost drivers such as labour hours and quantities of raw materials 

purchased) that inform management decisions and activities such as planning 

and budgeting.  This ensures efficient use of resources, performance 

measurement and formulation of business policy and strategy.  

  

Horngren et al. (2002:653) suggest that environmental and ethical 

responsibilities are as important within the accounting discipline.  They point 

out that managers are required to shoulder environmental and ethical 

responsibilities.  Environmental violations, such as water and air pollution, and 
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unethical and illegal practices, such as illegal discharges into rivers, carry 

heavy fines.  Environmental responsibilities and ethical conduct extend 

beyond legal requirements and socially responsible companies should set 

stringent environmental targets and measure and report their performance 

against them. 

 

Environmental accounting, as a specialised stream of accounting, will be 

looked at in more detail in the next section. 

 

5.4 Environmental accounting 

 

According to IFAC (2005:13), environmental accounting is a broad term used 

in a number of different contexts, including: 

• Assessment and disclosure of environment-related financial information in 

the context of financial accounting and reporting 

• Assessment and use of environment-related physical and monetary 

information in the context of environmental management accounting 

(EMA) 

• Estimation of external environmental impacts and costs, often referred to 

as full cost accounting (FCA) 

• Accounting for stocks and flows of natural resources in both physical and 

monetary terms, that is, natural resource accounting (NRA) 

• Aggregation and reporting of organisation-level accounting information, 

natural resource accounting information and other information for national 

accounting purposes 
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• Consideration of environment-related physical and monetary information in 

the broader context of sustainability accounting. 

 

At an organisational level, environmental accounting takes place in the 

context of both management accounting (assessment of an organisation's 

expenditure on pollution control equipment; revenue from recycled materials; 

annual monetary savings from new energy-efficient equipment) and financial 

accounting (evaluation and reporting of an organisation's current environment-

related liabilities (IFAC, 2005:14). 

 

Organisations account for and report physical information on their external 

environmental impacts (for example, the quantities of different types of 

pollutant emissions a year), however, accounting for and reporting the 

external economic impacts is much less common (IFAC, 2005:15).  An 

environmental accounting initiative that attempts to take such external costs 

into account is often referred to as full cost accounting. Full cost accounting 

has been developed mainly as a means of ensuring that business decisions 

take full account of an organisation's wider environmental impacts. Full cost 

accounting will be discussed in the section 5.4.1. 

 

At the geographic and geopolitical levels, environmental accounting 

information is collected, typically by government, to assess the health of a 

particular ecosystem (such as a watershed), a particular political entity (such 

as a nation) or even the entire world. This type of national environmental 

accounting can include not only aggregated information from individual 
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organisations (for example, total annual expenditures on environmental 

remediation by industry and government within a country) and, possibly, 

externalities information, but also information provided by natural resource 

accounting.  Natural resource accounting provides information on the stocks 

and flows, actual and potential uses and potential value of natural resources 

such as forest land, clean water and mineral deposits (IFAC, 2005:17; 

Statistics SA, 2004; Statistics SA, 2006).  

 

The language, used for the different types of environmental accounting is not 

standardised. The very broad term ‘environmental accounting’ is often used to 

refer to the different types of accounting described above. Even within a 

particular subset of environmental accounting, such as EMA, terminology 

differs from organisation to organisation and country to country. For example, 

EMA has been variously called environmental accounting, EMA, 

environmental cost accounting, full cost accounting, total cost assessment, 

etc. Thus, in discussing any type of environment related accounting within an 

organisation or elsewhere, it is important to clarify the definitions and 

language being used (IFAC, 2005:17). These concepts are discussed below. 

 

5.4.1 Full cost accounting  

 

Full costing, as its name implies, is concerned with all the costs involved in 

achieving objectives.  Atrill & McLaney (1996:59) postulate that the logic of full 

costing is that all the running costs of a facility or mine are part of the cost of 

the output of that facility.  Full costing is the basis for environmental 
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management accounting as it constitutes the total amount of resources 

(including natural resources), usually measured in monetary terms, sacrificed 

to achieve a particular objective. 

 

Horngren, Foster & Datar (2000: 382) explain that full costing of a product can 

be seen as the sum of all the variable and fixed costs in all the business 

functions in the value chain (research and development, design, production, 

marketing, distribution and customer service).  

 

Full costing is widely criticised as it tends to include past costs and to restrict 

its consideration of future costs to outlay costs.  It can be that past costs are 

irrelevant, irrespective of the purpose for which the information is to be used 

argued (Atrill & McLaney, 1996:93).  Despite the criticisms made of full 

costing, it is very widely practised. 

 

Within the environmental discipline, there is growing recognition of the need to 

more accurately account for external environmental and social costs.  The 

pressure to put a financial or monetary value on social values, such as a 

cleaner environment, is beginning to force organisations in the direction of full 

cost accounting.   

 

5.4.2 Activity-based costing  

 

Activity-based costing is a methodology that measures the cost and 

performance of activities, resources and cost objects.  Resources are 
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assigned to activities, then activities are assigned to cost objects based on 

their use. Activity-based costing also follows the principle of total cost 

conservation: no cost can be created or destroyed (Emblemsvåg & Bras, 

2001:96).   

 

Activity-based costing improves internal company cost calculation by 

allocating costs typically found in overhead costs to polluting activities and 

products.  Significant material flows are traced throughout a company and 

their costs are allocated back to cost centres (UNSD, 2001:14). 

 

Emblemsvåg & Bras (2001:10) propose that rather than starting from an 

environmental assessment or management approach and trying to tie this to 

traditional business practices. The environmental problem should be 

approached from the opposite side.  Modern cost management principles can 

be built upon and extended to include environmental management. 

Emblemsvåg & Bras further provide the following reasons for their argument 

to use cost management and activity-based costing: 

• Leverage the over 200 years of knowledge, experience and development 

in the field of cost management 

• Environmental assessments must be presented in a similar and parallel 

perspective to costs to get the necessary attention from decision makers 

• Economic and environmental accounting and management can be placed 

within the same framework to ease economic and environmental strategic 

decisions. 
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Activity-based costing uses the traditional fixed costs, variable costs and 

overhead costs to determine the total activity costs.  The activity costs can 

then be divided into normal operating costs and environmental costs by 

means of a life-cycle assessment.   Energy and waste consumption and waste 

costs are the three basic dimensions used.  This costing method may, 

however, miss some of the environmental aspects not encompassed in the 

three dimensions (Emblemsvåg & Bras, 2001:10,11).      

 

According to Horngren, Foster & Datar (2000:140-141), activity-based costing 

is one of the best tools for refining a costing system as it focuses on individual 

activities as the fundamental cost objects.   

 

In today’s more complex manufacturing and mining systems, product costs 

may still be distorted when multiple production department overhead rates are 

used.  One way to avoid this distortion is by using activity-based costing 

(Warren, Reeve & Fess, 1999:988). 

 

Atrill & McLaney (1996:91) warn that critics of activity-based costing argue 

that analysis of overheads trying to identify cost drivers is very time 

consuming and costly and that the benefit of doing so, in terms of more 

accurate costing and the potential for cost control, does not justify the cost.  
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5.4.3 Total cost assessment 

 

Total cost assessment is a decision-making tool that derives the total cost of 

conducting business by including environmental costs traditionally placed into 

the overhead operating budget of a corporation. Total cost assessment 

usually involves the use of discounted cash flow analyses to compare two or 

more environmental projects (Kennedy, 1998:373). 

 

Little (1999:5) defines total cost assessment as the identification, compilation, 

analysis and use of environmental and human health cost information 

associated with business decisions. He further states that total cost 

assessment is designed for internal managerial decision making and is a 

dynamic concept based on a lifecycle approach. Total cost assessment will 

not replace existing capital project and product development cost estimating 

practices, but is intended to complement these existing practices for improved 

decision making. 

 

Total cost assessment is a method by which investments, particularly 

environmental investments, can be evaluated in a way that more accurately 

reflects their profitability potential (White, 1999:31).  The four basic elements 

of total cost assessment that make it more informative than conventional 

analysis are: 

• A more comprehensive cost inventory that includes less direct, less 

tangible costs 
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• Allocation of costs that are typically assigned to overhead accounts, and 

either allocated on the basis of an inappropriate cost driver or not allocated 

at all 

• Evaluation of projects using longer time horizons to capture the full benefit 

of the investment 

• Profitability indicators that account for the time value of money, making the 

results more realistic and reflective of an investment’s true cost or benefit.  

 

Little (1999:1-4) explains the link between eco-efficiency and total cost 

assessment by stating that total cost assessment is a tool used by companies 

to achieve their sustainability and eco-efficiency goals through an objective 

identification of all risks and costs that are associated with various processes 

and decisions.  Eco-efficiency is a management philosophy that integrates the 

goals of both business and environmental and health excellence by creating a 

bridge by which corporate behaviour can achieve sustainable industrial 

operations. 

 

To understand the different methods of assessing costs, it is important to now 

look at the various ways of define environmental costs. 

 

5.5. Environmental costs 

 

Environmental costs are not always as clear-cut as conventional costs.  From 

a micro-economic as well as a macro-economic perspective, the price of 

scarce raw materials, pollution and disposal does not reflect their true value 
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and cost to society. Health hazards, reclamation of contaminated sites, etc. 

are environmental costs usually not borne by the polluter, but by the general 

public (UNDSD, 2001:11). 

 

Environmental costs comprise both internal and external costs and relate to all 

costs occurred in relation to environmental damage and protection.  Different 

models or methods use different definitions or interpretations of environmental 

costs.   

 

5.5.1. Costs according to total cost assessment 

 

Total cost assessment clearly describes the environmental costs, and Little 

(1999:1-12) lists environmental and health costs as follows: 

 

• Type I: Direct costs for the manufacturing site  

Direct costs of capital investment, labour, raw material and waste disposal.  

May include both recurring and non-recurring costs. Includes capital and 

operations and management costs. Company costs that are typically 

considered in conventional decision making. 

 

• Type II: Potentially hidden corporate and manufacturing site overhead 

costs 

Indirect costs not allocated to the product or process.  May include both 

recurring and non-recurring costs. Includes capital and operations and 

management costs.  May include outsourced services. 
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• Type III: Future and contingent liability costs 

Liability costs include fines and penalties caused by non-compliance and 

future liabilities for forced clean-up, personal injury and property costs 

damage. 

 

• Type IV:  Internal intangible costs 

These are costs that are paid by the company, includes difficult to measure 

cost entities, such as consumer acceptance, customer loyalty, worker morale, 

worker wellness, union relations, corporate image, community relations and 

estimates of avoided costs — fines, capital, etc. Private costs that include 

internal intangible costs plus other environmental and health costs that are 

potentially overlooked in decision making, including regulatory, voluntary, up-

front, operational, back-end, overhead, future, contingent and 

image/relationship costs.  

 

• Type V: External costs 

These are costs for which a company does not pay directly. These costs are 

borne by society and include deterioration of the environment by pollutant 

dispersions that are currently in compliance with applicable regulations. These 

are costs that are incurred as a result of a company affecting the environment 

or human health, but for which the company is not immediately held legally or 

fiscally responsible. These ‘externalities’ include environmental degradation 

and adverse effects on humans, property, and welfare associated with 
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emissions/activities that are performed in compliance with regulatory 

requirements. 

 

5.5.2. Environmentally induced costs (assets or expenses) 

 

The issue of whether environmental costs should be capitalised or expensed 

is, according to Schaltegger & Burritt (2000:171) citing Möller et al. and 

Fröschle, one of the most controversial subjects for accountants and financial 

analysts.  In principle, the following is meant by assets and expenses: an 

expense is a cost that has led to a benefit and has now expired, whereas 

costs that have been incurred, but can lead to future benefits are classified as 

assets. 

 

Blignaut (2007) explains that for resource depletion the following must be 

understood: 

• User cost results in liabilities 

• Royalties are expenses 

• Resource rent must be regarded as assets. 

 

Blignaut (2007) further explains that when environmental degradation is 

accounted for: 

• Clean-up costs result in expenses 

• Mitigation costs are assets 

• Externalities must be seen as liabilities. 
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It is not easy to determine what the increased or decreased economic benefits 

of pollution prevention and emission reduction might be. Schaltegger & Burritt 

(2000:171) note that environmental investments are those undertaken to 

prevent or mitigate environmental damage, conserve resources and clean up 

past environmental damage.  It will always stay the company’s decision 

whether or not environmental costs are capitalised. Following the general 

rules of the accounting bodies, fines, fees and costs of past environmental 

impacts should be expenses, costs of voluntary activities to comply with 

stakeholders’ requests are not capitalised and projects that will benefit the 

company in future, but are present expenditures, should be capitalised.  

Consistency must, however, form the basis for a company to categorise the 

environmental costs as this will reduce uncertainties and add quality to the 

financial reporting.    

 

Environmental expenses are environmentally related costs that have provided 

a benefit that has expired.  Expenses are matched against revenues in the 

profit and loss account.  No financial accounting standard currently has the 

separate recognition of environmental expenses in the profit-and-loss 

account.  Environmental issues are a part of a company’s risk structure and 

should be disclosed separately if environmentally induced financial risks are to 

be transparent (Blignaut, 1995; Schaltegger & Burritt, 2000; Blignaut, 2007).  
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5.5.3. Environmentally induced liabilities 

 

Field (1997:192) states that companies have an intuitive notion of liability and 

compensation.  To be liable for some behaviour is to be held responsible for 

whatever untoward consequences result from that behaviour.  Compensation 

requires that those causing the damage compensate those damaged in 

amounts appropriate to the extent of the injury (Field, 1997:192). 

 

In the past, environmental issues were not a high priority for management 

until they showed up as liabilities in the books of accounts (Schaltegger & 

Burritt, 2000:180).  Worst-case examples of environmental liabilities are the 

major disasters such as Bhopal and the Exxon Valdez.   

 

The following main factors should guide the management of environmental 

liabilities of a company (Schaltegger & Burritt, 2000:182-192; UNDSD, 

2001:23-24). 

 

It must be determined: 

• If any future obligations or contingent environmental liabilities exist; 

• If environmental liabilities should be recognised, and, if so, when 

• How environmental liabilities can be measured or reliably estimated 

• If and when the environmental liabilities should be disclosed.   

 

Carter (2003, B3) explains that environmental liabilities can often only be 

measured by using a substantial degree of estimation, especially in the early 
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stages of a remediation project owing to inherent uncertainties associated with 

remediation efforts.  Carter further points out that some factors are integral to 

developing cost estimates: 

• The extent and type of hazardous substances on site 

• The range of technologies that can be used for remediation 

• Evolving standards of what constitutes acceptable remediation. 

 

Given the many uncertainties that can exist concerning the nature of the 

remediation solution, this should not preclude the recognition of a liability. 

 

5.5.4. Environmental provisions and reserves 

 

Reserves for environmentally induced liabilities may be made according to the 

same rules as reserves for other liabilities.  According to Schaltegger & Burritt 

(2000:187) citing IASC, reserves or provisions for liabilities are intended to 

cover losses or debts that are clearly defined. At the balance date, these 

liabilities are either likely to be incurred or certain to be incurred, but uncertain 

as to the amount or as to the date on which they will arise.   

 

The mining industry makes provision for rehabilitation of mined land and 

closure.  The provisions for closure are managed as a trust fund. 
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5.5.5. Capital budgeting 

 

De Beer (2003:2.16) discusses capital budgeting for environmental projects.  

Capital budgeting is part of the environmental accounting process for 

determining financial returns on future environmental management 

investments to compare different investment alternatives by means of 

investment appraisal.  Investment appraisal determines the cost of savings of 

an investment with regard to its goals.  Investment appraisal for environmental 

management projects usually only includes a payback period, an internal rate 

of return schedule and a cost discounting procedure with each investment 

alternative (De Beer, 2003:2.17). 

 

5.5.6. Opportunity costs 

 

The opportunity costs are the costs that arise from the best, unrealised 

opportunity whenever an alternative is chosen.  Opportunity costs are 

discussed by various authors (Mohr, Fourie et al., 1995; Field, 1997; Conrad, 

1999; Schaltegger & Burritt, 2000) because of this importance.  It is, however, 

a concept not readily used for environmental cost categories.  Opportunity 

cost is one of the most important concepts in economics as it captures the 

essence of the problems of scarcity and choice (Mohr, Fourie et al., 1995:13).  

Opportunity cost is the value of the best alternative that could have been 

chosen, but was not chosen. 
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According to Schaltegger & Burritt (2000:102) the opportunity cost of an 

investment in environmental protection is equal to the benefit of the most 

attractive alternative forgone (e.g. the return that could have been earned in 

the financial marketplace for the same level of risk).   

 

Organisations need to calculate opportunity costs as they relate to anticipated 

costs as part of a decision to select one course of action rather than another.   

 

5.5.7. Environmental conservation cost 

 

Environmental conservation costs refer to the investment and costs, 

measured in monetary value, allocated for prevention, reduction and/or 

avoidance of environmental impact, removal of such impact, restoration 

following the occurrence of a disaster, and other activities (Japan, 2005:13). 

 

Whether or not a specific individual cost can be categorised as an 

environmental conservation cost depends on the objective standards, which 

are the criteria for extracting cost that has been spent on environmental 

conservation (Japan, 2005:13). 

 

5.5.8. Other costs descriptions  

 

According to the principles stated by the UNSDS (2001:11-14), environmental 

costs and expenditure can also be defined as:    
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• Environmental protection costs, including costs for prevention, disposal, 

planning, control, shifting actions and damage repair that can occur at 

companies and affect governments or people 

• Lifecycle costs cut across the accounting boundaries of a company, as 

well as the normal time horizon of accounting, which causes substantial 

methodological and practical problems. In theory, in competitive markets, 

the material purchase price is expected to reflect the costs that have been 

incurred up to the point of sale 

• Corporate environmental costs are costs incurred to deal with 

contaminated sites. Effluent control technologies and waste disposal are 

two such costs 

• Corporate environmental protection expenditure includes all expenditure 

on environmental protection measures undertaken by a company, or on its 

behalf, to prevent, reduce, control and document environmental aspects, 

impacts and hazards, as well as disposal, treatment, sanitation and clean-

up expenditure. The amount of corporate environmental protection 

expenditure is not directly related to the environmental performance of a 

company. 

 

5.5.9. Environmental management accounting defined environmental costs 

 

Expenditure for environmental protection is only one aspect of internal 

company calculation of environmental costs. The cost of waste and emissions 

include much more than pollution prevention or treatment facilities. 

 



 
 
 

161 

The concept of waste or non-product has a double meaning as described by 

UNDSD (2001:12). Waste is a material that has been purchased and paid for, 

but which has not been turned into a marketable product and is directly linked 

to inefficient production.  Thus, the costs of wasted materials, capital and 

labor have to be added to arrive at total corporate environmental costs.  

Waste in this context is used as a general term for solid waste, waste water 

and air emissions, and thus comprises all non-product output. Materials 

include water and energy.  According to UNDSD (2001:12), companies pay 

three times for waste, which can be illustrated by the following: 

 

  Environmental protection costs  (emission 

treatment and pollution prevention) 

+ Cost of wasted material 

+ Cost of wasted capital and labor 

= Total corporate environmental costs 

  

Material flows are money flows and can be partially traced by conventional 

accounting systems. The main problem associated with traditional cost 

accounting systems is that the non-product output (waste, waste water, etc.) 

is not quantified or given a monetary value separately in accounting systems.  

The aim of EMA is to change this. 

 

Some methods have been developed to overcome these problems.   Residual 

waste accounting and flow cost accounting have addressed the problem and 

not only measure the costs of waste according to its disposal costs, but also 

add the material purchase values and pro rata production costs.    It separates 
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the costs of environmental protection, detects all material flows via the 

company’s cost centers and reassesses production costs (UNDSD, 2001:14). 

  

The issue should, however, not be about how environmental costs are 

defined, but the consequent use of the same description to identify 

environmental costs.  ‘Different companies might define environmental costs 

differently and use a variety of methods for cost assessment. Often, the 

distinction between health and safety and risk management poses questions. 

For the purpose of internal management, focus should not be so much on the 

definition, as long as all significant and relevant costs are included in decision-

making', (UNDSD, 2001:14). 

 

The allocation of environmental costs is probably one of the most difficult and 

incorrectly handled activities.  Internal environmental costs are often treated 

as overhead costs and divided equally between all cost drivers.  Some 

companies may also include all environmental protection costs in their general 

overhead costs, such as top management salaries, advertising costs and all 

other costs that were not traced back to individual processes (Schaltegger & 

Burritt, 2000:119-120, UNDSD, 2001:67-88). 

 

Environment driven costs should be allocated directly to the activity that 

causes the costs and to the correct cost centres and cost drivers.  The 

majority of companies allocate only the visible or direct environmental costs to 

the relevant costs centres and cost drivers.   
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Figure 5.1 is an illustration of the internal environmental costs of a company in 

relation to the external costs.   

 

To identify and account for environmental costs, environmental managers and 

accountants should be able to obtain the correct information.  It is necessary 

to look at the need and flow of environmental information. 
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5.6. The need for environmental information 

 

Good decisions are based on knowledge about a topic. According to 

Schaltegger & Burritt (2000:43), decisions can only be improved if data related 

to a desired goal is used.  They explain that only purpose-oriented data or 

information, managed correctly, can be beneficial to a company by helping to 

achieve desired goals. Shields, Beloff & Heller (1996:7) add that 

environmental cost information is useful only when there are decisions that 

are facilitated by that information. 

 

Horngren et al. (2002:293) states that managers often adopt a personalised 

approach when deciding among different courses of action.  The most 

important issue is still being the relevance of the information gathered to make 

decisions.  It is very important to realise that both quantitative and qualitative 

information is necessary to take calculated decisions.  In the environmental 

sphere the quantitative and qualitative forms the cornerstone of environmental 

decision making.  

 

The fact that more companies collect environmental data now than they did a 

decade ago does not say anything about how well they manage such data 

(Schaltegger & Burritt, 2000:38).  The availability information also seems to be 

a hurdle to the effective management of the environment.  Various authors 

give the follow reasons: 

• Environmental data collection is poorly co-ordinated within a company 
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• Top management has not previously given high priority to organised 

environmental information creation and collection 

• Activities of managing corporate environmental data are often not oriented 

towards a clearly defined, overarching objective 

• Establishing information management systems are costly. 

 

Whilst managing the environment and the cost of alternative actions, it is 

important to use relevant information.  Past information is only apposite if it 

contributes to better decisions for future activities or projects.  Horngren, 

Foster & Datar (2000:379) point out that managers need to focus on the future 

because every decision deals with selecting courses of action for the future.  

 

It is vital that both physical and monetary information is tracked, as they 

provide a basis for decision making.  The physical information should 

preferably be measured per unit of production to eliminate any effects of 

changes in production volumes.  Although the monetary information is 

important to assess the financial impact, it is subject to price fluctuations, 

which could neutralise underlying changes in physical units.  The actual use of 

physical units is also a strong indication of the impacts of the activities on the 

environment efficiency (Schaltegger & Sturm, 1990; Schaltegger & Wagner, 

2006).   

 

Physical Information  

To assess costs correctly, as alluded to by IFAC (2005:20), an organisation 

must collect monetary data and non-monetary data on materials use, 
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personnel hours and other cost drivers. EMA places a particular emphasis on 

materials and materials driven costs because:  

• Use of energy, water and materials, as well as the generation of waste and 

emissions, are directly related to many of the impacts organisations have 

on their environments 

• Materials purchase costs are a major cost driver in many organisations. 

 

To manage and reduce the potential environmental impacts of waste and 

emissions effectively, as well as of any physical products, an organisation 

must have accurate data on the amounts and destinies of all the energy, 

water and materials used to support its activities (Japan, 2005; IFAC, 

2005:20). It needs to know what and how much energy, water, and materials 

are brought in and become physical products and which become waste and 

emissions. This physical accounting information does not provide all of the 

data needed for effectively managing all potential environmental impacts, but 

is essential information that the accounting function can provide (IFAC, 

2005:20).  

 

Monetary Information 

Environment related costs under EMA include not only environmental 

protection expenditures, but other important monetary information needed to 

cost-effectively manage environmental performance (IFAC, 2005:21). One 

important example is the purchase price of materials that eventually become 

waste or emissions.  Another recent development in the area of EMA is a 

drive to view the purchase costs of all natural resources (energy, water, 
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materials) as environment related.  In a manufacturing setting, where most of 

the purchased materials are converted into physical products, this would allow 

more cost-effective management of the materials related environmental 

impacts of those products. The physical accounting side of EMA provides the 

information on the amounts and flows of energy, water, materials and wastes 

to assess the purchase costs performance (IFAC, 2005:22). 

 

Kaplan & Atkinson (1998:238) acknowledge the fact that organisations have 

experienced a rapid rise in environmental costs.  The magnitude of these 

expenditures, although not correctly calculated by the majority of 

organisations, has forced organisations to think systematically about 

controlling these costs. Emphasis is changing from accepting environmental 

costs as an inevitable part of doing business to a business related cost that 

can be reduced by appropriate management.  

 

5.7. Environmental management accounting overview 

 

Only a few companies are actively engaged in environmental accounting, but 

this, is likely to change as professional accounting bodies and other 

stakeholders begin to demand the disclosure and reporting of environmentally 

related financial data to enable them to distinguish between good and bad 

performers (Howes, 2001:29). 

 

The need for EMA was conceived in recognition of some of the limitations of 

conventional management accounting approaches for management activities 
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and decisions involving significant environmental costs and/or significant 

environmental consequences/impacts (UNDSD, 2001; EMA, 2003; IFAC, 

2005). For example, the following conventional management accounting 

practices might contribute to the inadequate consideration of environmental 

costs in internal decision making (EMA, 2003):  

• The unintentional 'hiding' of many environmental costs in overhead 

accounts  

• Inaccurate allocation of environmental costs from overhead accounts back 

to processes, products, and process lines  

• Inaccurate characterisation of environmental costs as 'fixed' when they may 

actually be variable (or vice versa)  

• Inaccurate accounting for volumes (and thus costs) of wasted raw materials  

• The actual lack of inclusion of relevant and significant environmental costs 

in the accounting records at all.  

 

As more organisations come to recognise that many management decisions 

have potential environmental impacts and costs of various kinds, recognition 

of the value of EMA will grow. In the end, the distinction between conventional 

management accounting and EMA may blur, as the two approaches merge 

into a single broad management accounting approach that can better inform 

all decisions, environmental and otherwise (IFAC, 2005:19). 

 

A major barrier to a more widespread adoption of cleaner production or eco-

efficiency and corporate responsibility is that organisations often do not know 

the internal environmental costs (and external social costs) of operating their 
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business (Schaltegger & Burritt, 2000; Japan, 2005; Gale, 2006).  While 

environmental costs are often narrowly defined to include costs incurred to 

achieve compliance with environmental laws, the true costs to an organisation 

can be far broader.  A tool to overcome this uncertainty is environmental 

management accounting. The application of EMA is strongly linked to the 

concepts of cleaner production and eco-efficiency (Schaltegger & Sturm, 

1990; Schaltegger & Wagner, 2006). 

 

5.7.1. Defining environmental management accounting  

 

Environmental management accounting (EMA) has no single, universally 

accepted definition. According to IFAC (2005:19), EMA is ‘the management of 

environmental and economic performance through the development and 

implementation of appropriate environment-related accounting systems and 

practices. While this may include reporting and auditing in some companies, 

environmental management accounting typically involves lifecycle costing, 

full-cost accounting, benefits assessment, and strategic planning for 

environmental management’. 

 

The United Nations Expert Working Group on EMA, which highlights both the 

physical and monetary sides of EMA, gives a complementary definition. 

According to the UN group, (UNDSD, 2001:1-2), EMA is broadly defined to be 

the identification, collection, analysis and use of two types of information for 

internal decision making: 

• Physical information on the use, flows and destinies of energy, water and 
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materials (including wastes) 

• Monetary information on environment related costs, earnings and savings. 

  

These two definitions highlight the broad types of information organisations 

typically consider under EMA, as well as some common EMA data analysis 

techniques and uses (UNDSD, 2001:1-2; IFAC, 2005:19). The specific types 

of physical and monetary information included in this definition of EMA are 

discussed in more detail in section 5.6. In the real world, EMA ranges from 

simple adjustments to existing accounting systems to more integrated EMA 

practices that link conventional physical and monetary information systems 

(IFAC, 2005:19).  

 

The following key points should be noted (EMA, 2003): 

• EMA focuses on costs internal to the company 

• EMA places particular emphasis on accounting for environmental costs 

• EMA encompasses not only environmental and other cost information, but 

also information on physical flows of materials and energy 

• EMA information can be used for most types of management activities 

within an organisation. 

 

Schaltegger & Burritt (2000:63) state that environmental accounting is a 

subset of accounting that deals with: 

• Activities, methods and systems 

• Recording, analysis and reporting 
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• Environmentally induced financial and ecological impacts of a defined 

economic system (e.g. a firm, plant region, nation, etc.). 

 

EMA incorporates and integrates two of the three building blocks of 

sustainable development or the triple bottom line concept – environment and 

economics – as they relate to an organisation’s internal decision making.  The 

third building block, the social bottom line, can be added after EMA has been 

completed.  The end result will then have incorporated all three building 

blocks (Schaltegger & Burritt, 2000:63).  

 

5.7.2. Functions and roles of environmental management accounting 

 

The functions of environmental (management) accounting, as described by 

Japan (2005:4), are divided into internal and external functions. 

 

The internal function, as part of a company’s environmental information 

system, makes it possible to analyse and manage environmental costs.  It 

enables cost-benefit activities and promotes effective and efficient 

environmental management activities through suitable decision making. 

 

The external function, by disclosing the quantitatively measured results of 

environmental activities, allows a company to influence decision making. 
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5.7.3. Benefits and uses of environmental management accounting 

 

An organisation’s decision makers can use the physical flow information and 

cost information provided by EMA to make decisions that impact both the 

environmental and financial performance of an organisation.  It is important to 

note that while EMA supports internal decision making the implementation of 

EMA does not guarantee any particular level of environmental or financial 

performance. However, for organisations and programmes that wish to 

minimise costs, especially environmental costs, and reduce environmental 

impacts, EMA provides an essential information for meeting those goals ( 

Schaltegger & Burritt 2000; Jasch & Schnitzer, 2002; IFAC, 2005).. 

 

EMA data are particularly valuable for management initiatives with a specific 

environmental focus. EMA provides not only the cost data necessary for 

assessing the financial impact of these management activities, but also the 

physical flow information (e.g., raw materials use and waste generation rates) 

that helps characterise environmental impacts (Schaltegger & Burritt 2000; 

UNDSD. 2001; Jach, 2002; IFAC, 2005).  Examples of the many 

environmental initiatives that benefit from EMA are: 

• Environmental management systems 

• Pollution prevention 

• Design for environment 

• Environmental life cycle assessment/costing/design 

• Environmental supply chain management 

• Environmentally preferable purchasing 
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• Extended producer/product responsibility 

• Environmental performance evaluation and benchmarking 

• Environmental performance reporting. 

 

The most compelling reason for organization to practice environmental 

management accounting is the growing body of evidence indicating that 

environmental costs could make up a much larger proportion of the costs than 

the organization realizes.  EMA will also serve as a solid foundation for an 

environmental management system, or increase the effectiveness of an 

existing EMS (Parker 1998; Schaltegger & Burritt 2000; IFAC, 2005). 

 

With the requirements and purpose of EMA in mind, it is not difficult to 

recognise the value of EMA as a decision making tool towards the 

implementation of an environmental management system (Parker 1998:183; 

Schaltegger & Burritt, 2000:374).    

 

According to Parker (1998:183), it is clear that there is no objective way to 

evaluate a company’s entire environmental performance in the form of 

indicators (costs).  He shows that the lack of clear (environmental) goals is 

one of the obstacles to environmental performance measurement.  The 

process of identifying and analysing environmental costs, both hidden and 

clearly stated, is necessary to determine the effectiveness of an organisation’s 

total performance and then link these costs to the existing accounting system.  

When cost information is used for the environmental data, the result is a 

percentage, which gives the value meaning in itself. 
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To summarise, the benefits of EMA can be listed as the following (adapted 

from Bennett & James, 1999; Schaltegger & Burritt, 2000; Jach, 2002; IFAC, 

2005):   

• Increased level of pollution prevention 

• Reduced releases of regulated and non-regulated pollutants 

• Decreased consumption of natural resources 

• Increased use of innovative remedial and pollution control equipment and 

technologies 

• Increased purchase of recycled and recyclable materials 

• Improved environmental performance 

• Improved financial performance. 

  

Environmental management accounting is an attempt to identify and bring to 

light the resources used and costs imposed on the eco-system through the 

activities of an organisation.  It is a system of accounting designed to record 

the benefits and costs rendered by the environment to an organisation and 

costs and benefits tendered to the environment by the same organisation 

(IFAC, 2005:23).  EMA is not merely one environmental management tool 

among many — rather it is a broad set of principles and approaches that 

provides the materials/energy flow and cost data critical to the success of 

many other environmental management activities. 

 

According to the UNDSD (2001:9), the application fields for the use of EMA 

data are:  
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• Assessment of annual environmental costs/expenditure  

• Product pricing 

• Budgeting 

• Investment appraisal, calculating investment options  

• Calculating costs, savings and benefits of environmental projects  

• Design and implementation of environmental management systems  

• Environmental performance evaluation, indicators and benchmarking  

• Setting quantified performance targets 

• Cleaner production, pollution prevention, supply chain management and 

design for environment projects  

• External disclosure of environmental expenditures, investments and 

liabilities  

• External environmental or sustainability reporting 

• Other reporting of environmental data to statistical agencies and local 

authorities. 

 

Figure 5.2.  illustrates the uses an benefits of EMA. 

 



 
 
 

177 

                                                                      

 

 

 

 

 

                     Examples     Examples                                      Examples  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.2.  Uses and benefits of EMA.  As adapted by IFAC (2005:24) from 

the Guide to Corporate Environmental Cost Management (Berlin: German 

Ministry, 2003). 
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5.8. Environmental management accounting methodology 

 

In the methodology, which forms the basis of this report, the environmental 

cost scheme is first used for the assessment of annual corporate 

environmental expenditure of the previous year.  A breakdown of cost centres 

and processes can be done accordingly.  

 

The focus of EMA is not on the disclosure of annual environmental costs only, 

but on further internal calculation of which annual expenditure is the first step 

in a top-down approach to environmental cost management. Annual expenses 

are the best available data source.  A further distinction into cost centres 

processes, products and material flow balances should be done in a step-by-

step procedure, gradually improving the information system (Schaltegger & 

Burritt, 2000; UNDSD, 2001; IFAC, 2005).  

 

According to UNDSD (2001:17), the environmental cost/expenditure 

categories follow the historic development of awareness of environmental cost 

categories.  (The five main categories are as listed below and summarised in 

table 5.1). 

 

• Waste disposal and emission treatment costs: Including related labor and 

maintenance materials. Insurance and provisions for environmental 

liabilities are also treatment instead of prevention, as are environmental 

costs comprising treatment, disposal and clean-up costs of existing waste 

and emissions. 
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• Prevention and environmental management: Labor costs and external 

services for good housekeeping including the ‘environmental’ share and 

extra costs of cleaner technologies and green purchases. Research and 

development for environmental projects are part of pollution prevention.  

• Wasted material (non-product) purchase value: Wasted materials are 

evaluated with their material purchase value or materials consumed value 

in the case of stock management. 

• Production costs of non-product output: Production cost includes labor 

hours, depreciation of machinery and operating materials and financing 

costs. In activity-based costing and flow-cost accounting, the flows of 

residual materials are more precisely determined and allocated to cost 

centers. 

• Environmental revenues derived from sales of waste, grants or subsidies 

are accounted for separately. 

 

It is important to note that costs that are incurred outside the company and 

borne by the general public (external costs), or those that are relevant to 

suppliers and consumers (lifecycle costs) are not dealt within the current EMA 

framework. 

 

Table 5.1 summarises the environmental categories against the 

environmental media. 
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Table 5.1 Summary of environmental costs, expenditures and revenues. 

Adapted from UNDSD (2001:16). 
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1 Waste and emission treatment           

2 Prevention and environmental 

management 

          

3 Material purchase value of non-

product output 

          

4 Processing costs of non-product 

output  

          

Sub-total environmental 

expenditure 

          

5 Environmental revenues           

Sub-total environmental revenues           

TOTAL            

 

 

Annexure 6 gives the definitions and examples of the different environmental 

cost categories according to UNDSD (2001) and adapted for the mining 

industry. 
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IFAC (2005:55) has changed the matrix given in Table 5.1 slightly by 

changing the cost categories into the following six:  

• Materials costs of product outputs 

• Materials costs of non-product outputs 

• Waste and emission control costs 

• Preventive and other environmental management costs  

• Research and development costs 

• Less tangible costs. 

 

Table 5.2 gives an example of distribution of environment related costs by 

environmental domain (IFAC, 2005:55). 

 

As an example of another type of environmental model, De Beer (2003: 4.1-

4.37) describes his environmental accounting model (EEGECOST Model).  

This model tracks costs and revenues associated with sustainable 

environmental and social development within the South African business 

environment, based on the drivers of the South African national accounting 

framework. 

  



 
 
 

182 

Table 5.2  Summary of environment-related costs by environmental domain 

(IFAC, 2005:55) 

ENVIRONMENTAL DOMAIN 
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MATERIAL COSTS OF PRODUCTS          

� Raw & Auxiliary Materials          

� Packaging Materials           

� Operating Materials           

� Water           

MATERIAL COSTS OF NON PRODUCT OUTPUTS          

� Raw & Auxiliary Materials          
� Packaging Materials           
� Operating Materials           
� Water           
� Energy          
� Processing Costs          

WASTE & EMISSION CONTROL COSTS          

� Equipment Depreciation          
� Operating Materials          
� Water and Energy          
� Internal Personnel          
� External Services          
� Fees & Taxes          
� Fines          
� Insurance          
� Remediation & Compensation          

PREVENTIVE & OTHER ENVIRONMENTAL 
MANAGEMENT COSTS 

         

� Equipment Depreciation          
� Operating Materials, Water, Energy          
� Internal Personnel          
� External Services          
� Other          

RESEARCH & DEVELOPMENT COSTS          

LESS TANGIBLE COSTS          

 
Note: Although this table uses the term “costs”, these categories may also 

cover information on any environment-related earning (e.g., revenues from 

recycled materials) or savings (e.g., monetary savings from eco-efficiency 

projects) 
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5.9. The business case for environmental management accounting 

 

It is highly unusual to hear business executives speak explicitly about 

environmental value.  In fact, unless they are involved directly in 

environmental issues, they will probably not be thinking about environmental 

issues until specific problems arise.  For example when they are adversely 

impacted by an environmental liability, or when they are presented with 

tangible evidence that environmental quality results in enhanced corporate 

value (Aspan, 2002:78). 

 

Environmental issues can dramatically affect major business transactions by 

changing the valuation calculation.  Current value may be impaired by 

historical contamination.  Regulatory compliance mandates may impact on 

operational productivity and cash flow.  Brownfield redevelopment may 

provide substantial tax abatements and other incentives and clean-up 

activities can affect taxes and insurance (Aspan, 2002:79). 

 

According to Godschalk (2007a:1), businesses, do not operate in a vacuum.  

They are subject to legal requirements and industry practices, require 

resources to manufacture products and/or render services and operate in an 

environment from which they draw their resources and which may be affected 

by their activities. Businesses also operate in a community from which they 

draw their workforce and which may be impacted by their activities. 

Businesses need a ‘license to operate’, not only from the authorities, but from 

all their stakeholders.  This comprehensive approach to business forms the 
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basis for the triple bottom line concept of sustainable business (Godschalk, 

2007a:1). 

 

Being aware of their environmental costs (and benefits) can assist a 

company’s management in its forward strategic planning, and, help to reduce 

its exposure to future environmental risks and liabilities (Godschalk, 2007a:8).  

Without adequate and appropriate systems to identify and account for such 

costs, it is unlikely that companies will be able to meet the future expectations 

of their customers, shareholders and the requirements of a more stringent 

regulatory environment and environmentally aware society.  ‘First movers’ will 

clearly have an advantage (Howes 2004, Godschalk, 2007a). 

 

The intangible benefits of environmental accounting in terms of brand value 

and confidence among shareholders and other stakeholders are not always 

easy to quantify.  As a result some companies inadequately recognise the 

long-term value of intangible benefits of environmental accounting.  This leads 

them to ignoring the benefits altogether as not material enough to be of 

concern.  In the process, companies deny themselves an opportunity to 

realise fully the real benefits of environmental accounting.   

 

‘More work clearly needs to be done on demonstrating the linkage between 

the intangible benefits of operating more sustainably and competitive 

advantage, this being the ‘missing link’ that is most likely to make analysts 

engage more systematically’ (Porritt, 2004: 61). 
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Godschalk (2007a:10) states that environmental management accounting 

(and environmental reporting) offers visibly prominent benefits.  However, for 

a company to reap the most benefit from environmental management 

accounting it should use the powers of synergy and develop a system of 

integrated environmental accounting.  This is the best way to ensure the 

proper integration of environmental accounting in all its components in the 

company’s business processes. 

 

Managers who are able systematically to analyse how the economic success 

of a company can be increased through social and environmental activities 

and who can manage this relationship effectively are still in the minority 

(Schaltegger & Wagner, 2006:2).  It is however possible that environmental 

management accounting may become standard practice as a result of future 

regulation (Godschalk, 2007a:10). Companies that have already implemented 

a system of integrated environmental accounting, which includes EMA, will 

then clearly have a competitive business advantage.   

 

5.10. Environmental issues in financial accounting and reporting 

 

Although the focus thus far has been on environmental accounting, it is 

important to look at environmental issues mentioned in financial accounting 

and reporting. 

 

Schaltegger & Burritt (2000:161) state that the main environmental topics in 

company financial accounting are the recognition, measurement and 
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disclosure of environmentally related economic impacts on business.  Current 

financial accounting standards differ between countries and jurisdictions and 

can substantially influence the economic results of a company.  Attempts have 

been made by, for example the Chartered Institute of Management 

Accountants, the Association of Chartered Certified Accountants and the 

International Accounting Standards Committee, to develop an internationally 

acceptable set of standards for financial reporting help promote comparability 

between companies, for one company over time and for similar transactions 

recorded in different countries (ACCA, 2003; GRI, 2006). 

 

Until recently environmental financial impacts were considered to be 

adequately covered under existing accounting and reporting standards and 

regulations.  The increasing number of environmental issues has generated 

substantial financial consequences for companies.  Various ‘customers’ of 

financial statements have started to influence standard setting bodies and 

regulators to alter existing and create new reporting standards, regulations 

and guidelines (Howes, 2004; Rogers, 2005).  

 

The GRI, a long-term, multi-stakeholder, international process developed the 

Sustainability Reporting Guidelines for voluntary use by organisations for 

reporting the economic, environmental and social dimensions of their 

activities, products and services (GRI, 2006:1).   
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5.11. External cost accounting 

 

Although this thesis focuses on internal environmental management 

accounting, it is necessary briefly to discuss external cost accounting. 

 

Howes (2001:31) points out that while companies ‘add value’ through their 

activities, they also extract value for which they do not pay.  Their activities 

and operations give rise to external environmental impacts such as the 

contamination of ground water, traffic congestion and poor urban air quality.  

The rest of society usually picks up the costs of these external impacts.  This 

means that profits reported may not be environmentally sustainable as the 

external costs are not reflected in the financial statements. 

 

One of the difficult areas is to define system boundaries, that is to what 

degree should the lifecycle impacts of a mining company’s activities and 

operations be taken into account in determining the company’s sustainability 

costs.   

 

The application of external environmental cost accounting could be an attempt 

to apply the ‘polluter pays’ principle to an individual company.  According to 

Howes (2001:33) all companies would be responsible for the direct 

environmental impacts resulting from their own activities if this principle were 

applied equitably and consistently.  If all companies calculated their own 

sustainability costs based on the same definitions of system boundaries it 

would ensure that all major external impacts were accounted for. 
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The development of more complete, transparent and integrated accounting 

systems that take the most significant external environmental impacts into 

account is certainly the ultimate method of accounting for sustainability.  

External environmental cost accounting is still evolving and needs to be 

investigated and developed further.  

 

5.12. Summary 

 

This thesis only deals with corporate environmental costs.  External costs that 

result from corporate activities, but are not internalised via regulations and 

prices are not considered.  It is the role of governments to apply political 

instruments such as emission control regulations to enforce the polluter-pays 

principle and thus to integrate external costs into corporate calculations. 

 

The ultimate problem the mining industry faces is that the current financial 

measure of the success of the industry captures little, if anything, of the 

environmental downside of economic activity (Gray, 2001:11).  This is 

because accounting and economics only recognise items to which a price is 

attached.  Consequently the mining industry may be sending messages of 

economic and financial well-being while destroying the natural resources.  

Managers need to reconcile these conflicting messages and pay specific 

attention to the following factors: 
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• Identifying areas of environmental spending and specific environmental 

costs on, for example, energy, wastes and raw material use 

• Offering different interpretations of financial information that provide a 

better support for decision making that is responsive to environmental 

concerns in capital expenditure decisions 

• Identifying and costing potential areas of environmental risk in such areas 

as acquisitions or new projects 

• Costing out new alternatives in the light of changes in environmental 

legislation, possible taxation or subsidies 

• Reconfiguring aspects of performance appraisal systems so that 

environmental performance is explicitly recognised as a performance issue 

• Specifically identifying new categories of costs for environmental 

contingency liabilities and provisions. 

 

The principle aim of environmental management accounting should be 

accounting for sustainability.  Companies within the South African mining 

industry should recognise that their long-term future and sustainability is 

inescapably linked to their ability to reduce their environmental impacts and 

continuously improve their overall environmental performance.  Being aware 

of their environmental costs (and benefits), company’s exposure to potential 

environmental problems can assist managers in their strategic planning and 

help them to reduce the company’s exposure to future environmental risks 

and liabilities (Howes, 2001:30).  Without adequate and appropriate systems 

to account for such environmental costs, it is unlikely that companies will be 

able to meet the future expectations of their customers and stakeholders 
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toward sustainable development and the requirements of more stringent 

environmental legislation. 

 

According to UNEP (2002:17), the mining industry could improve the accuracy 

of its balance sheet and investment project calculations by adopting more 

rigorous costing (that is environmental management accounting) to keep track 

of the actual costs of their waste management efforts including lost resources, 

mine closure and site rehabilitation. 

 

In conclusion, having an EMA system in place allows an organisation to: 

• Better manage environmental costs 

• Better formulate business strategies 

• More accurately cost products and processes 

• Discover new opportunities to offset or minimise environmental costs 

through environmental thinking 

• Include potential environmental costs in appraisal processes and 

investment analyses. 
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CHAPTER 6: Results 

 

6.1 Introduction 

 

Four case studies were undertaken as part of this research.  The case study 

partnerships consist of one underground goldmine, including the metallurgical 

plant, and three coal mines representing underground and open cast mines.  

The mines are all in different stages of development or life of mine and are 

owned by three different companies. 

 

Although the mines involved use different mining methods and two different 

commodities are represented, there are similarities between the mines in 

terms of the findings and suggested improvements to the existing accounting 

systems. 

 

The mines used as case studies have quite different characteristics. However, 

this study does not compare the environmental impacts of each mine, as 

these are very diverse, but the ways in which the mines face these 

environmental problems and the known monetary values of environmental 

management actions.   

 

6.1.1 Scope of the case studies 

 

The scope of an environmental accounting system can be as narrow or as 

broad as an organisation or an analyst decides. 
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To make the case studies manageable it was necessary to limit the scope to 

individual mines and not to entire companies.  The environmental costs, as 

already discussed in Chapter 5, were limited to internal costs and did not take 

externalities into account. Only costs that have a direct impact on the mine’s 

bottom line, also known as private costs, were considered. 

 

When considering the scope of the case studies, the following should be 

noted: 

a) Only costs being incurred within the boundaries of the mine were 

considered, life cycle analysis and associated costs were not taken into 

account; 

b) The EMA cost matrix provided by the UNDSD (2001) and included in the 

IFAC document (IFAC, 2005) was used as a general starting point;  

c) Environmental costs pertaining to past production were analysed with 

limited inclusion of capital budgeting items.  

 

The approach presented in this project has the underlying assumption that all 

purchased materials must by physical necessity either leave the company as 

a product or by-product, or non-product output (waste, waste water or 

emissions), or are stored, thus increasing the stored stock.  Waste, therefore, 

is a sign of inefficiency.  In calculating the environmental costs, the waste 

disposal costs examined as well as the purchasing price of the wasted 

materials, and the production costs of the waste and emissions. 
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The goal of this project is not to show that environmental management and 

environmental protection are expensive, but to highlight the scope for potential 

savings.  It is also not so important in the scope of this analysis to spend a lot 

of time during the initial phase defining exactly which costs are environmental, 

or what percentages of the cost of an activity are environmental.   During the 

initial analysis, the focus is on what a company identifies as environmental 

costs and also what other costs are environmental but concealed in other 

accounts.   The aim is also not to compare the environmental costs of the 

mines used in the case studies, but to compare the implementation, or not, of 

environmental management accounting.  
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6.2  Case study 1: Gold 

 

6.2.1 Mine A:  Profile 

 

Brief description of the mine 

Mine A is an underground mine with an average depth of 1 600m. Because 

the ore body is geologically complex, the mine employs a scattered mining 

strategy. The ore body is accessed by footwall tunneling, with access to the 

reef being facilitated by raising on the dip of the reef. Stoping operations take 

place on strike. The average panel length is 20m.  

 

The mine hoists about 201 000 tons of material a month, including waste.  At 

optimum underground levels, an average of 183 000 reef tons a month was 

produced in 2001 (Mining Weekly, 2003). 

 

Shaft sinking at this mine began in 1985 and continued until a depth of 1 

743m was reached in 1988. The mine produced its first gold in 1991.  The 

expected life of mine is until 2016 (W Burger, 2003). 

 

This mine has the highest productivity rates in the gold mining industry and 

uses a completely different source of energy, namely hydropower (Mining 

Weekly, 2003). 
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Metallurgical Plant No. 9  

The No. 9 plant is a conventional semi-autogenous grinding operation and 

carbon-in-pulp technology is used in the milling and treatment process. 

 

This plant has a milling capacity of 280 000 tons per month (September 

1993), which rose to 420 000 tons per month in April 1994. Ore sources for 

this operation are mainly form No. 9 Shaft (Mine A) itself and supplemented 

as necessary by deliveries from shafts 2 and 5 utilising the local rail system. 

As there are no downstream flotation or backfill plants at No. 9 Shaft gold 

plant, the slurry is pumped via two pipelines to the uranium plant for further 

treatment. 

 

6.2.2 Environmental cost information 

 

Mine A 

 

The monetary information specific to Mine A was collected from the 

accountant on site.  Additional information on the trust fund as well as other 

rehabilitation cost information was obtained from the centralised 

environmental services unit.   

 

The detailed matrix is captured in Annexure 7 as background information. 
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Table 6.1 is a summary of total Rand value per cost category and also the 

main sub-categories’ Rand value totals.  Table 6.2 gives the summary of costs 

as percentages with the total environmental costs as 100%.   

 

Graph 6.1 Mine A percentage costs per main cost category 

 

Waste and emission treatment costs add up to 39.66% with related personnel 

costs being 53% thereof. Figures for depreciation of environmental related 

equipment could not be obtained.  Prevention and environmental 

management costs amounted to 28.94% of all the environmental costs with 

personnel costs contributing 93%.  It must be noted that costs associated with 

external environmental service providers for specific activities for Mine A could 

not be identified from Company A’s central environmental unit accounts.  

Material purchase of non-product output is 31.41%.  Electricity makes up the 

Percentages of Main Categories

39.66%

28.93%

31.41%

0.00%

1. Waste + Emission Treatment

2. Prevention and environmental management

3. Material purchase value of non product
output
4. Processing Costs of Non Product Output
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bulk of the total at 70%.  Although the water balance for Mine A indicated a 

yearly average consumption of purchased water of 73 000 Ml, which accounts 

for approximately R28 500 000 per annum, it was not visible as such in the 

accounting system.  This amount changes the matrix significantly and would 

have reflected water as being the most costly (1.4 times more expensive than 

electricity).  Research and development accounted for 1.8% of the 

environmental costs identified.  Processing costs of non-product output could 

not be identified. 

 

Graph 6.2 Mine A percentage cost per environmental media 

 

Captured under ‘other’ equals 78.76% of the environmental costs and consist 

mostly of the personnel and electricity costs.  Waste accounts for 13.12%, 

which includes a total of 7.27% for auxiliary materials wasted.  

Percentages of Environmental Costs

2.78%

2.06%

13.12%
3.28%

0.00%

0.00%

78.76%

Air + climate
Waste water
Waste
Soil + ground water
Radiation
Health + safety
Other
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Table 6.1 Mine A Summary environmental costs 2001 (Rand value) 
 
 
Environmental media 
 

Air + climate Waste water Waste Soil + ground 
water 

Radiation Health + 
safety 

Other Total 

Environmental cost categories 
 

        

1 Waste and emission treatment 
 

      36,390,833 

1.1 Depreciation for related equipment 0 0 0 0 0 0 0 0 
1.2 Maintenance, operating materials         

and services 
2 554 600 0 5 366 980 136 646 0 0 640 018 8 698 244 

1.3 Related personnel 0 0 0 0 0 0 19 185 058 19 185 058 
1.4 Fees, Taxes, charges 0 0 0 0 0 0 2 055 359 2 055 359 
1.5 Fines and Penalties 0 0 0 0 0 0 0 0 
1.6 Insurance for environmental 

liabilities 
0 0 0 0 0 0 0 0 

1.7 Provisions for clean up costs, 
remediation 

0 0 0 2 875 549 0 0 3 576 623 6 452 172 

2 Prevention and environmental management       26 547 629 

2.1 External services for environmental 
management 

0 0 0 0 0 0 0 0 

2.2 Personnel for general environmental 
management activities 

0 0 0 0 0 0 24 799 029 24 799 029 

2.3 Research and Development 0 0 0 0 0 0 1 748 600 1 748 600 
2.4 Extra expenditure for cleaner 

technologies 
0 0 0 0 0 0 0 0 

2.5 Other environmental management 
costs 

0 0 0 0 0 0 0 0 

3 Material purchase value of non-product output       28 818 689 
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Environmental media 
 

Air + climate Waste water Waste Soil + ground 
water 

Radiation Health + 
safety 

Other Total 

3.1 Raw materials 0 0 0 0 0 0 0 0 
3.2 Packaging materials 0 0 0 0 0 0 0 0 
3.3 Auxiliary materials 0 0 4 019 406 0 0 0 0 4 019 406 
3.4 Operating materials 0 399 754 2 652 400 0 0 0 0 3 052 154 
3.5 Energy 0 0 0 0 0 0 20 258 855 20 258 855 
3.6 Water 0 1 488 274 0 0 0 0 0 1 488 274 
4 Processing costs of non-product 

Output 
0 0 0 0 0 0 0 0 

Total environmental costs 2 554 600 1 888 028 12 038 786 3 012 195 0 0 72 263 542 91 757 151 
5 Environmental earnings         
5.1 Subsidies, awards 0 0 0 0 0 0 0 0 
1.1 Other earnings 0 0 -167 784 0 0 0 0 -167 784 
Total environmental earnings 0 0 -167 784 0 0 0 0 -167 784 

         
Saldo costs/earnings 2 554 600 1 888 028 11 871 002 3 012 195 0 0 72 263 542 91 589 367 
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Table 6.2 Mine A Summary environmental costs 2001(Percentages) 

 
Environmental media  
 

Air + climate Waste water Waste Soil + ground 
water 

Radiation Health + 
safety 

Other Total 

Environmental cost categories 
 

        

1 Waste and emission treatment         
1.1 Depreciation for related equipment                 -                  -             -                   -                   -                   -           -                -   
1.2 Maintenance, operating materials 

and services 
             2.78                -           5.85              0.15                 -                   -        0.70           9.48 

1.3 Related personnel                 -                  -              -                   -                   -                   -      20.91         20.91 
1.4 Fees, taxes, charges                 -                  -              -                   -                   -                   -        2.24           2.24 
1.5 Fines and penalties                 -                  -              -                   -                   -                   -           -                -   
1.6 Insurance for environmental 

liabilities 
                -                  -              -                   -                   -                   -           -                -   

1.7 Provisions for clean up costs, 
remediation 

                -                  -              -                3.13                 -                   -        3.90           7.03 

2 Prevention and environmental management        

2.1 External services for environmental 
management 

                -                  -              -                   -                   -                   -           -                -   

2.2 Personnel for general environmental 
management activities 

                -                  -              -                   -                   -                   -      27.03         27.03 

2.3 Research and development                 -                  -              -                   -                   -                   -        1.91           1.91 
2.4 Extra expenditure for cleaner 

technologies 
                -                  -              -                   -                   -                   -           -                -   

2.5 Other environmental management 
costs 

                -                  -              -                   -                   -                   -           -                -   
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Environmental media  
 

Air + climate Waste water Waste Soil + ground 
water 

Radiation Health + 
safety 

Other Total 

3 Material purchase value of non-product output        

3.1 Raw materials                 -                  -              -                   -                   -                   -           -                -   
3.2 Packaging materials                 -                  -              -                   -                   -                   -           -                -   
3.3 Auxiliary materials                 -                  -           4.38                 -                   -                   -           -             4.38 
3.4 Operating materials                 -               0.44         2.89                 -                   -                   -           -             3.33 
3.5 Energy                 -                  -              -                   -                   -                   -      22.08         22.08 
3.6 Water                 -               1.62            -                   -                   -                   -           -             1.62 
4 Processing costs of non-product 

output 
                -                  -              -                   -                   -                   -           -                -   

Total environmental costs              2.78             2.06       13.12              3.28                 -                   -      78.76       100.00 
5 Environmental earnings                 -                  -              -                   -                   -                   -           -                -   
5.1 Subsidies, awards                 -                  -              -                   -                   -                   -           -                -   
5.2 Other earnings                 -                  -   -       0.18                 -                   -                   -           -   -         0.18 
Total environmental earnings                 -                  -   -       0.18                 -                   -                   -           -   -         0.18 

         
Saldo costs/earnings              2.78             2.06       12.94              3.28                 -                   -      78.76         99.82 
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Metallurgical Plant No. 9 

 

The detailed matrix is captured in Annexure 8 as background information. 

Graph 6.3 Metallurgical plant environmental cost percentages per main 

category. 

 

Table 6.3 is a summary of total Rand value per cost category and also the 

main sub-categories’ Rand value totals.  Table 6.4 gives the summary of 

costs as percentages with the total environmental costs as 100%.   

 

 Waste and emission treatment costs accounted for 26.74% of the total 

environmental costs identified with fees and taxes making up 62%.  Personnel 

costs were calculated at 0.29% as the visible environmental functions lie 

within the mine’s environmental department.  The metallurgical plant 

personnel do not recognise the fact that they also perform environmental 

activities.   
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Graph 6.4 Metallurgical plant environmental cost per environmental media. 

 

Maintenance accounts for 27% of the waste and emission treatment category.  

Prevention and environmental management is a mere 1.51% of the total 

environmental costs. Material purchase of value of non-product output totals 

35.75% and the processing cost of non-product output is 36%.  Water 

accounts for 30.49% of the total environmental costs.  Electricity costs amount 

to only 0.33% owing to the fact that the metallurgical plant energy use is not 

measured separately. 

   

The metallurgical plant sells fine carbon, wood chips, scrap material and 

waste rock with a total earning of 69.34% compared to environmental costs at 

100%. 

 

In terms of environmental media, 55.67% is cost associated with waste and 

40.28% accounted for soil and groundwater. 

Percentage of Environmental Media Totals
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Table 6.3 Metallurgical plant Summary environmental costs 2001(Rand value) 

 
 
Environmental media  
 

Air + climate Waste water Waste Soil + ground 
water 

Radiation Health 
and 
safety 

Other Total 

Environmental cost categories 
 

        

1 Waste and emission treatment 
 

        

1.1 Depreciation for related equipment 431 200 566 000 525 000 0 0 0 0 1 522 200 
1.2 Maintenance, operating materials 

and services 
130 000 585 000 2 667 000 2 786 000 10 000 0 0 6 178 000 

1.3 Related personnel 0 0 0 0 0 95 000 0 251 500 
1.4 Fees, taxes, charges 0 0 13 832 000 457 500 0 0 0 14 289 500 
1.5 Fines and penalties 0 0 0 0 0 0 0 0 
1.6 Insurance for environmental 

liabilities 
0 0 0 150 000 0 75 000 75 000 300 000 

1.7 Provisions for clean up costs, 
remediation 

0 0 0 100 000 0 0 423 000 523 000 

2 Prevention and environmental management        

2.1 External services for environmental 
management 

0 0 0 0 0 0 291 000 291 000 

2.2 Personnel for general environmental 
management activities 

0 0 0 407 500 0 34 000 179 000 620 500 

2.3 Research and development 0 0 0 0 0 0 17 500 17 500 
2.4 Extra expenditure for cleaner 

technologies 
314 000 33 000 0 0 0 0 0 347 000 

2.5 Other environmental management 
costs 

0 0 0 0 0 0 26 000 26 000 
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Environmental media  
 

Air + climate Waste water Waste Soil + ground 
water 

Radiation Health 
and 
safety 

Other Total 

3 Material purchase value of non-product output        

3.1 Raw materials 0 0 4 312 000 0 0 0 0 4 312 000 
3.2 Packaging materials 0 0 0 0 0 0 0 0 
3.3 Auxiliary materials 0 0 0 0 0 90 000 0 90 000 
3.4 Operating materials 0 0 70 000 0 0 0 0 70 000 
3.5 Energy 0 0 285 000 0 0 0 0 285 000 
3.6 Water 0 11 600 26 288 000 0 0 0 0 26 299 600 
4 Processing costs of non-product 

output 
0 0 0 30 845 000   0 30 845 000 

Total environmental costs 875 200 1 195 600 47 979 000 34 746 000 10 000 294 000 1 011 500 86 267 800 
5 Environmental earnings         
5.1 Subsidies, awards 0 0 0 0 0 0 0 0 
5.2 Other earnings 0 0 -1 614 500 -58 202 000 0 0 0 -59 816 500 
Total environmental earnings 0 0 -1 614 500 -58 202 000 0 0 0 -59 816 500 

         
Saldo costs/earnings 875 200 1 195 600 46 364 500 -23 456 000 10 000 294 000 1 011 500 26 451 300 
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Table 6.4 Metallurgical plant Summary environmental costs 2001(Percentages) 

 
 
Environmental media  
 

Air + climate Waste water Waste Soil + ground 
water 

Radiation Health and 
safety 

Other Total 

Environmental cost categories 
 

        

1 Waste and emission treatment 
 

        

1.1 Depreciation for related equipment              1.63             2.14         1.98                 -                   -                   -           -             5.75 
1.2 Maintenance, operating materials 

and services 
             0.49             2.21       10.08            10.53              0.04                 -           -           23.36 

1.3 Related personnel                 -                  -              -                   -                   -                0.36         -             0.95 
1.4 Fees, taxes, charges                 -                  -         52.29              1.73                 -                   -           -           54.02 
1.5 Fines and penalties                 -                  -              -                   -                   -                   -           -                -   
1.6 Insurance for environmental 

liabilities 
                -                  -              -                0.57                 -                0.28      0.28           1.13 

1.7 Provisions for clean up costs, 
remediation 

                -                  -              -                0.38                 -                   -        1.60           1.98 

2 Prevention and environmental management        

2.1 External services for environmental 
management 

                -                  -              -                   -                   -                   -        1.10           1.10 

2.2 Personnel for general environmental 
management activities 

                -                  -              -                1.54                 -                0.13      0.68           2.35 

2.3 Research and development                 -                  -              -                   -                   -                   -        0.07           0.07 
2.4 Extra expenditure for cleaner 

technologies 
             1.19             0.12            -                   -                   -                   -           -             1.31 

2.5 Other environmental management 
costs 

                -                  -              -                   -                   -                   -        0.10           0.10 
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Environmental media  
 

Air + climate Waste water Waste Soil + ground 
water 

Radiation Health and 
safety 

Other Total 

3 Material purchase value of non-product output        

3.1 Raw materials                 -                  -         16.30                 -                   -                   -           -           16.30 
3.2 Packaging materials                 -                  -              -                   -                   -                   -           -                -   
3.3 Auxiliary materials                 -                  -              -                   -                   -                0.34         -             0.34 
3.4 Operating materials                 -                  -           0.26                 -                   -                   -           -             0.26 
3.5 Energy                 -                  -           1.08                 -                   -                   -           -             1.08 
3.6 Water                 -               0.04       99.38                 -                   -                   -           -           99.43 
4 Processing costs of non-product output        

Total environmental costs              3.31             4.52     181.39           131.36              0.04              1.11      3.82       326.14 
5 Environmental earnings                 -                  -              -                   -                   -                   -           -                -   
5.1 Subsidies, awards                 -                  -              -                   -                   -                   -           -                -   
5.2 Other earnings                 -                  -   -       6.10 -         220.03                 -                   -           -   -     226.14 
Total environmental earnings                 -                  -   -       6.10 -         220.03                 -                   -           -   -     226.14 

         
Saldo costs/earnings              3.31             4.52     175.28 -          88.68              0.04              1.11      3.82       100.00 
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6.2.3 Environmental Management Programme Report (EMPR) 

 

Table 6.5 summarises the environmental aspects and impacts as described in 

the EMPR (Company A, 2001).  The purpose of the summary is to link the 

identified environmental costs of Mine A with the aspects and impacts. 

 

According to the EMPR, the impacts with a moderate high or high significance 

are:  

• consumption of potable water, energy and consumables 

•  pollution of surface water due to discharge of excess water to river 

• consumption of potable water – ablution and kitchen facilities, industrial 

change house, senior change house, offices, boiler workshop, cable ducts 

and access tunnel 

• rainwater runoff – ablution and kitchen facilities 

• oil spill in direct vicinity of emergency outlet of oil and acetylene stores 

• polluted water entering stormwater pipeline from hydropower workshop; 

dumping of oil and grease and industrial waste; also from compressor 

house, cooling towers and sand filter 

• polluted water entering stormwater pipeline from processed water 

reservoir 

• overhead conveyor – polluted water to storm water pipeline 

• uncontrolled dumping of oil and grease and contamination of surface water 

runoff 

• fuelling station spills – pollutes water exiting mine boundary and 

• discharge of mine process water to unlined storage/pollution control dam.
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Table 6.5 Aspects and impact assessment for Mine A.  (Adapted from Mine A EMPR, 2001; Company A, 1999:12-76) 
 

Aspect Impact assessment Spatial 
scale 

Temporal 
scale / 

duration 

Degree of 
certainty/ 
likelihood 

Significance/ 
severity 

Natural 
resources 

• Consumption of potable water, energy and 
consumables¹, ², ³,  

 

Regional Medium  Definitely High negative ¹ 
Moderate ², ³,  

Topography/ 
visual  

• Physical presence of headgear (winder) 
 
• Physical presence of waste rock dump 
 

• Local 
 
• Local 

• Med  
 
• Med 

• Definitely 
 
• Definitely  

• Moderate 
negative 

• Moderate 

Soils and 
vegetation 

• Soil in the vicinity of the unlined trenches flowing to 
the V dam — potential to become contaminated 
through contaminants transported in the water should 
the mine effluent sump overflow¹ 

• Soil in the vicinity of the outlet of the stormwater pipe 
— potential to become contaminated from silt/sludge 
from boot washing bay ²  

• Soil in area — potential to become contaminated 
through spillage causing reduction in soil fertility and 
vegetation growth ³  

• Leaching out of pyrite from ore spillage and lorry 
wash waste in silo and conveyer belt area and waste 
rock dump — potential salination and acidification on 
soils 

• Ecosystem functioning and stability altered with 
marginal loss of stability and resilience in silo and 
conveyer belt area and waste rock dump 

 

• Site only 
 
 
 
 
• Local 
 
 
• Site only 
 
 
• Site only 
 
 
 
• Site 

only/ 
local 

 

• Short  
 
 
 
 
• Short  
 
 
• Short  
 
 
• Long 
 
 
 
• Long  
 
 
 

• Definitely 
 
 
 
 
• Definitely 
 
 
• Definitely 
 
 
• Definitely 
 
 
 
• Definitely 
 
 
 

• Moderate 
negative 

 
 
 
• Moderate 

negative 
 
• Moderate 
 
 
• Moderate  
 
 
 
• Moderate 
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Aspect Impact Assessment Spatial scale Temporal 

scale/ 
duration 

Degree of 
certainty/ 
likelihood 

Significance/ 
severity 

Land 
capability 

• No suitable land capability has been found for waste 
rock dump 

 

• Local  • Long  • Definitely  • Moderate  

Land use • Original land use has been altered 
 

• Local  • Long  • Definitely  • Moderate  

Surface 
water 

• Increased water loading/pollution of mine process 
water owing to spillage, disposal of explosives and 
increasing contact with ore ¹ 

• Pollution of surface water owing to discharge of 
excess water to river ¹ 

• Discharge of wash down water/boot washing water 
into storm water drains/environment ² 

• Potential for stormwater runoff to transport 
pollutants and grease to effluent sump and to V dam 
³ 

• Potential for stormwater runoff to transport 
pollutants and grease into environment ³ 

• Consumption of potable water — ablution and 
kitchen facilities, industrial change house, senior 
change house, offices, boiler workshop, cable ducts 
and access tunnel. 

• Rainwater runoff — ablution and kitchen facilities 
• Oil spill in direct vicinity of emergency outlet of oil 

and acetylene stores 
• Polluted water entering stormwater pipeline from 

hydropower workshop, dumping of oil and grease 
and industrial waste, also from compressor house, 
cooling towers and sand filter 

• Polluted water entering stormwater pipeline from 
processed water reservoir 

• Regional, 
national 

 
• Regional, 

National 
• Local 
 
• Local 
 
 
• Local 
 
• Regional 
 
 
 
• Local 
• Site only 
 
• Local 
 
 
 
 
• Local 

• Long  
 
 
• Long  
 
• Med  
 
• Med  
 
 
• Med  
 
• Med 
 
 
 
• Med 
• Med 
 
• Med 
 
 
 
 
• Short 

• Definitely  
 
 
• Definitely 
 
• Definitely 
 
• Likely / 

Definitely 
 
• Definitely 
 
• Unlikely 
 
 
 
• Unlikely 
• Definitely 
 
• Definitely 
 
 
 
 
• Unlikely 

• Moderate 
 
 
• High negative 
• Moderate 
 
• Moderate/ 

high 
 
• Moderate 
 
• Low/ 

moderate 
 
 
• High  
• High 
 
• High 
 
 
 
 
• High 
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Aspect Impact Assessment Spatial scale Temporal 
scale/ 

duration 

Degree of 
certainty/ 
likelihood 

Significance/ 
severity 

• Overhead conveyor — polluted water to storm water 
pipeline 

• Uncontrolled dumping of oil and grease and 
contamination surface water runoff 

• Fuelling station spills — pollutes water exiting mine 
boundary  

• Periodic overflow of purifies sewage and mine 
effluent from containment dam 

 
• Local 
 
• Local 
 
• Local 
 
• Regional 

 
• Med 
 
• Med 
 
• Med 
 
• Med 

 
• Definitely 
 
• Likely 
 
• Definitely 
 
• Definitely 
 

• High 
 
• High 
 
• High 
 
• High 
 

Groundwater • During mining operations — dewatering of aquifers ¹ 
• Post closure — flooding of underground working 

and possible pollution ¹ 
• Discard of mine process water to unlined 

storage/pollution control dam — pollution ¹ 
• Discard of mine process water to unlined trenches 

and possible pollution ¹ 
• Seepage of wash water owing to inadequate 

containment facilities in salvage yard 
• Leaching out of pyrite in silo and conveyer belt area  

and waste rock dump — seepage possibly 
contributing to pollution 

 

• Site only 
 
• Regional 
 
• Regional/

national  
• Regional/

national 
• Local 
 
• Local 
 

• Med  
 
• Long   
 
• Med  
 
• Med  
 
• Med 
 
• Long 

• Definitely 
 
• Definitely 
 
• Definitely 
 
• Definitely 
 
• Definitely 
 
• Definitely 

• Moderate 
 
• Moderate 
 
• High negative 
• Moderate 
 
• Moderate 
 
• Moderate/ 

high 

Air quality • Gases and fumes from blasting, chemical usage 
emitted via vent fans and shaft column to 
atmosphere ¹ 

• Dust emitted via vent fans and shaft column to 
atmosphere owing to blasting, drilling, scraping and 
cleaning, support, haulage, tramming and loading 
and hoisting ¹ 

• Gases and fumes from battery testing section 
emitted to atmosphere ² 

• Site only 
 
 
• Site only 
 
 
 
• Site only 
 

• Med  
 
 
• Med  
 
 
 
• Med  
 

• Definitely 
 
 
• Likely 
 
 
 
• Definitely 
 

• Moderate 
 
 
• Low neg 
 
 
 
• Low neg 
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Aspect Impact Assessment Spatial scale Temporal 
scale/ 

duration 

Degree of 
certainty/ 
likelihood 

Significance/ 
severity 

• Gases and fumes from welding, painting and 
equipment/vehicles ³ 

• Gases and fumes from gas leak incidents in stores 
• Dust from spillage of dry consumable incident in 

stores 
 

• Site only 
 
• Site only 
 
• Site only 

• Med  
 
• Short  
 
• Short 

• Definitely 
 
• Definitely 
 
• Definitely 

• Low neg 
 
• Low neg 
 
• Low neg 

Noise • Tipping of rock ¹ 
• Noise from equipment  
• Noise from vehicles ³ 
• Noise from explosives 
 

      Site only Med        Definitely        Low neg 

Radiation • Radiation emitted from ore ¹ 
• Radiation from radioactive waste in salvage yard 
 

• Site only 
• Site only 
 

• Med  
• Med 

• Definitely 
• Definitely 

• Low neg 
• Moderate  

 
Note:  ¹ The operational phase of the mine. 
  ² Support – change house and lamp room, etc.  
  ³ Workshops. 
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According to the environmental cost information, water pollution accounts for 

only 2.06% of the total costs and this does not correlate with water being one 

of the critical aspects according to the EMPR.  

 

6.2.4 Mine A general  

 

Mine A 

• Some of the environmental management functions linked to Mine A are 

performed by a centralised environmental unit within Company A.  The 

unavailability of information from some of these centralised functions might 

have consequences for the environmental cost break down. 

• To be able to put cost information to use in a comparative way, it is 

important to use cost as a percentage of total production cost and total 

product revenue  (as captured in Table 6.6). 

This calculation indicates that 18.2% of total production costs are 

environmental costs. 

 

Table 6.6.  Relative environmental costs – Mine A (2001).  

Total 
production 

costs 
(R mil) 

Total product 
revenue 
(R mil) 

Environmental 
costs 
(real) 

(R mil) 

Environmental 
costs relative to 

production 
costs 

Environmental 
costs relative to 

product 
revenue 

504.80 680.70 91.78 18.2% 13.5% 

 

• Table 6.7, listing all the physical inputs and outputs of a gold mine, is 

useful to compare the environmentally related costs identified in the 

financial statements.  Obvious differences will point towards incomplete 
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information. Some items, e.g. the chemicals under operating material, are 

not correctly allocated in the financial documentation.  Furthermore, the list 

should be revised and refined. 

 

Table 6.7.   Gold mine input-output table  

Input Output 
Raw material Product 
None Gold ore  
  
Auxiliary material By-products 
Compressed air Silver 
Lubricants  
Explosives Waste 
Paints Slurry 
Gases Waste oil 
Timber Waste Rock 
Composite packs Radioactive waste 
 Scrap to salvage 
Operating material Timber waste 
Consumables Batteries 
Chemicals Medical waste  
  
  
Energy Air emissions 
Electricity SO2 

Coal NO2 
Fuel CO2 
 Dust 
  

  
Water Waste water 
Process water Spillage 
Potable water Stormwater runoff 

  
 
 

Metallurgical Plant No. 9 

• The plant environmental officer and accountant have supplied all the cost 

information of the metallurgical plant and populated the EMA matrix with 
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the identified environmental costs.  The author was not permitted to verify 

the information, but assumes that all available information is correct. 

• The total output for the specific year is unknown. 

• Material balances and other relevant quantitative material information was 

not available. 

 

Table 6.8.  Metallurgical plant input – output table 

 
Input Output 

  
Raw material Product 
Ore Ore concentrate 
  
Auxiliary material Waste 
Compressed air Slurry 
Lubricants/oil Waste oil 
 Wood chips 
Operating material Fine carbon 
Flocculant  
Lime  
Cyanide  
Carbon Waste water 
Eluant  
Caustic Soda  
 Air emissions 
Energy SO2 

Electricity NO2 
 CO2 
Water  
Process water  
Potable water  

 
 

The list in this case is also not complete and the items listed do not compare 

positively with the financial information obtained. 
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6.3 Case study 2: Coal 

 

6.3.1 Mine B: profile 

Brief description 

Mine B is one of Company B’s coal mines in the Mpumalanga area.  It has six 

coal seams numbered 1 from the bottom upwards.  The No. 2 seam is the 

dominant seam and comprises about 58% of the coal.  The mine had a 

capacity of 5.4 Mt/year in 2000 (Company B EMPR, 1997). 

 

The mine was originally established as an open cast operation in 1978.  An 

underground section was opened in May 1990 to supplement production in 

the open cast section, when two of the open cast pits were discontinued 

because of excessive depth and declining quality. The mine stopped 

production in May 2002 and was therefore nearly in the closure phase. 

Major infrastructure and equipment 

Underground 

No. 2 and 4 coal seams are mined with continuous miners using the bord and 

pillar mining method.  Coal is transported from the face by a main trunk 

overland conveyor to a 4 000 ton raw coal bin situated near the beneficiary 

plant.  The coal is then transferred onto the Bradford breaker where the coal 

processing starts. 
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Open cast 

Mining commenced using the dragline as the major overburden removal 

equipment.  Coal is hauled via specially constructed off-highway roads to the 

plant area for processing.  Approximately 60% of run of mine (ROM) feed to 

the plant is derived from open cast mining methods (Company B EMPR, 

1997). 

 

6.3.2 Environmental costs information 

 

Mine B 

 
The monetary information specific to Mine B was collected from the 

accountant on site.  Additional information on the trust fund as well as other 

rehabilitation cost information was obtained from the environmental manager.    

 

The detailed matrix is captured in Annexure 9 as background information. 

 

Table 6.9 is a summary of total Rand value per cost category and also the 

main sub-categories’ Rand value totals.  Table 6.10 gives the summary of 

costs as percentages with the total environmental costs as 100%.   

 

Waste and emission treatment costs amounted to 49.70% of the total 

environmental costs identified.  This can be related to the fact that the mine 

was five months from close of operations and most work was part of the final 

concurrent rehabilitation before the closure phase.  75% of the treatment 

costs, or 37.50% of the total costs, was allocated to maintenance, operating 
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materials and services, which also points to the fact that the mine was merely 

maintaining existing infrastructure with no expansions or further capital 

expenditures.  No provisions for clean up costs or further remediation were 

recorded, which can also be explained by the life of mine that almost came to 

its end.   

Graph 6.5  Mine B percentage environmental costs per main categories 

 

The remainder of the environmental costs were equally divided into 25.75% 

prevention and environmental management costs and 24.55% material 

purchase value of non-product output.  The latter was made up of materials 

use — 11.54% — and energy costs, 13.02%.  Water costs could not be 

obtained and might have added some weight to this category.  The prevention 

and environmental management costs were for internal and external 

personnel with no costs allocated for research and development, extra 

expenditure for cleaner technologies and other costs, including environmental 

Percentages of Main Categories

49.70%

25.75%

24.55%
0.00%

1. Waste + Emission Treatment

2. Prevention and environmental
management
3. Material purchase value of non
product output
4. Processing Costs of Non Product
Output
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training.  The reason being that a mine at its end of life will not focus on 

activities such as research and development and environmental training. 

 

 

Graph 6.6  Mine B percentage environmental costs per environmental media 

 

83.27% of the total environmental costs was recorded under other and 

includes salaries, energy and infrastructure maintenance.  Waste water 

activities accounted for 4.18%, waste for 6.60% and health and safety for 

4.69%.  This is also in line with mine’s operational life being almost over.

Percentage of Environmental Costs

0.65%

0.00%

0.60%

0.00%

83.27%

0.02%

4.18% 6.60%

4.69%

Air + climate
Waste water
Waste
Soil + ground water
Noise + vibration
Biodiversity + landscaping
Radiation
Health + safety
Other
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Table 6.9 Mine B Summary environmental costs 2001(Rand values) 
 
Environmental media  
 

Air + 
climate 

Waste 
water 

Waste Soil + 
ground 
water 

Noise + 
vibration 

Biodiversity 
+ 
landscaping 

Radiation Health + 
safety 

Other Total 

Environmental cost categories 
 

          

1 Waste and Emission 
Treatment 

 

         18 740 48 

1.1 Depreciation for related 
equipment 

0 0 0 0 0 0 0 0 0 0 

1.2 Maintenance, operating 
materials and services 

0 0 0 0 0 0 0 0 14 140 860 14 140 860 

1.3 Related personnel 0 0 0 0 0 0 0 0 3 082 320 3 082 320 
1.4 Fees, taxes, charges 0 39 800 0 0 0 0 0 0 0 39 800 
1.5 Fines and penalties 0 0 0 0 0 0 0 0 0 0 
1.6 Insurance for environmental 

liabilities 
0 0 0 0 0 0 0 1 477 500 0 1 477 500 

1.7 Provisions for clean up costs, 
remediation 

0 0 0 0 0 0 0 0 0 0 

2 Prevention and environmental 
management 

        9 710 880 

2.1 External services for 
environmental management 

7 400 0 45 200 0 0 224 400 0 166 000 4 264 400 4 707 400 

2.2 Personnel for general 
environmental management 
activities 

0 0 0 0 0 0 0 0 5 003 480 5 003 480 

2.3 Research and development 0 0 0 0 0 0 0 0 0 0 
2.4 Extra expenditure for cleaner 

technologies 
0 0 0 0 0 0 0 0 0 0 

2.5 Other environmental 
management costs 

0 0 0 0 0 0 0 0 0 0 
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Environmental media  
 

Air + 
climate 

Waste 
water 

Waste Soil + 
ground 
water 

Noise + 
vibration 

Biodiversity 
+ 
landscaping 

Radiation Health + 
safety 

Other Total 

3 Material purchase value of non-product output        9 259 200 

3.1 Raw materials 0 0 0 0 0 0 0 0 0 0 
3.2 Packaging materials 0 0 0 0 0 0 0 0 0 0 
3.3 Auxiliary materials 0 1 291 600 0 0 0 0 0 0 0 1 291 600 
3.4 Operating materials 0 244 450 2 442 300 244 450 0 0 0 125 400 0 3 056 600 
3.5 Energy 0 0 0 0 0 0 0 0 4 911 000 4 911 000 
3.6 Water 0 0 0 0 0 0 0 0 0 0 
4 Processing costs of non-

product output 
0 0 0 0 0 0 0 0 0 0 

Total environmental costs 7 400 1 575 850 2 487 500 244 450 0 224 400 0 1 768 900 31 402 060 37 710 560 
5 Environmental earnings           
5.1 Subsidies, awards 0 0 0 0 0 0 0 0 0 0 
5.2 Other earnings 0 0 0 -1 428 800 0 0 0 0 -821 100 -2 249 900 
Total environmental earnings 0 0 0 -1 428 800 0 0 0 0 -821 100 -2 249 900 

           
Saldo costs/earnings 7 400 1 575 850 2 487 500 -1 184 350 0 224 400 0 1 768 900 30 580 960 35 460 660 
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Table 6.10 Summary Mine B environmental costs 2001(Percentages) 

 
Environmental media  
 

Air + 
climate 

Waste 
water 

Waste Soil + 
ground 
water 

Noise + 
vibration 

Biodiversity + 
landscaping 

Radiation Health + 
safety 

Other Total 

Environmental cost categories 
 

          

1 Waste and emission Treatment 
 

         

1.1 Depreciation for related 
equipment 

                -                  -              -                 -               -                 -               -                -           -                    -   

1.2 Maintenance, operating 
materials and services 

                -                  -              -                 -               -                 -               -                -      37.50             37.50 

1.3 Related personnel                 -                  -              -                 -               -                 -               -                -        8.17               8.17 
1.4 Fees, taxes, charges                 -               0.11            -                -               -                 -               -                -           -                 0.11 
1.5 Fines and penalties                 -                  -              -                 -               -                 -               -                -           -                    -   
1.6 Insurance for environmental 

liabilities 
                -                  -              -                 -               -                 -               -             3.92         -                 3.92 

1.7 Provisions for clean up costs, 
remediation 

                -                  -              -                 -               -                 -               -                -           -                    -   

2 Prevention and environmental 
management 

         

2.1 External services for 
environmental management 

             0.02                -           0.12                 
-   

            -              0.60             -             0.44    11.31             12.48 

2.2 Personnel for general 
environmental management 
activities 

                -                  -              -                 -               -                 -               -                -      13.27             13.27 

2.3 Research and development                 -                  -              -                 -               -                 -               -                -           -                    -   
2.4 Extra expenditure for cleaner 

technologies 
                -                  -              -                 -               -                 -               -                -           -                    -   

2.5 Other environmental 
management costs 

                -                  -              -                 -               -                 -               -                -           -                    -   
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Environmental media  
 

Air + 
climate 

Waste 
water 

Waste Soil + 
ground 
water 

Noise + 
vibration 

Biodiversity + 
landscaping 

Radiation Health + 
safety 

Other Total 

3 Material purchase value of non-product 
output 

         

3.1 Raw materials                 -                  -              -                 -               -                 -               -                -           -                    -   
3.2 Packaging materials                 -                  -              -                 -               -                 -               -                -           -                    -   
3.3 Auxiliary materials                 -               3.43            -                 -               -                 -               -                -           -                 3.43 
3.4 Operating materials                 -               0.65         6.48         0.65             -                 -               -             0.33         -                 8.11 
3.5 Energy                 -                  -              -                 -               -                 -               -                -      13.02             13.02 
3.6 Water                 -                  -              -                 -               -                 -               -                -           -                    -   
4 Processing costs of non-product output          

Total environmental costs              0.02             4.18         6.60         0.65             -              0.60             -             4.69    83.27            100.00 
5 Environmental earnings                 -                  -              -                   

-   
            -                 -               -                -           -                    -   

5.1 Subsidies, awards                 -                  -              -                 -               -                 -               -                -           -                    -   
5.2 Other earnings                 -                  -              -           3.79             -                 -               -                - -    2.18 -             5.97 
Total environmental earnings                 -                  -              -           3.79             -                 -               -                -   -    2.18 -             5.97 

           
Saldo costs/earnings              0.02             4.18         6.60         3.14             -              0.60             -             4.69    81.09             94.03 
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6.3.3 Environmental Management Programme Report 

 

The environmental aspects and impacts of Mine B are summarised in Table 

6.12. 

 

According to the most recent environmental management programme report 

(1997) the following impacts had high significance: 

• Disturbance of geological strata  

• Disturbance of topography 

• Change in land-use 

• Changes in natural vegetation and plant life and reduction in species 

numbers 

• Change in groundwater quality and influx rates. 

 

These impacts are aligned with the life of Mine B.  Water, according to the 

EMPR, is only significant as groundwater quality and volume.  This is 

reflected in graph 6.5 illustrating that waste water activities accounted for only 

4.18% of total environmental costs. 

 

6.3.4 Mine B general  

 

Mine B is an example of a mine that has reached the end of its life and the 

environmental cost structure consequently changed to a focus on final 

concurrent rehabilitation before rehabilitation for closure commences.  Normal 
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operational costs are relatively minimal.  The other major difference, 

compared to mines with life of mine still years before closure, is that income 

from production is also minimal.  Theoretically most of the costs should be 

allocated to environmental categories if defined correctly. 

 

To be able to put cost information to use in a comparative way, it is important 

to use cost as a percentage of total production cost and total product revenue  

(as captured in Table 6.11). 

This calculation indicates that 58.5% of total production costs are 

environmental costs. This percentage is much higher that mines that still have 

more than 30% of the life of mine left.  Mine B, being almost in its closure 

phase, has more than 50% of total costs being rehabilitation costs.  Revenue, 

likewise, is relatively low and the mine is using much more than the current 

revenue for rehabilitation, using provisions for closure.  

 

Table 6.11.  Relative environmental costs – Mine B (2001).  

Total 
production 

costs 
(R mil) 

Total product 
revenue 
(R mil) 

Environmental 
costs 
(real) 

(R mil) 

Environmental 
costs relative to 

production 
costs 

Environmental 
costs relative to 

product 
revenue 

156.96 2.13 91.78 58.5% 4 308.9% 
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Table 6.12 Aspects and Impact Assessment for Mine B (Adapted from Company B Mine B EMPR, 1997) 
 

Aspect Impact Assessment Spatial 
scale 

Temporal 
scale / 

duration 

Degree of 
certainty/ 
likelihood 

• Significance/ 
severity 

Geology • Geological strata will be completely disturbed resulting 
in the following: ¹ 

• Overburden becomes highly permeable. 
• Increase in the potential of oxygen ingress into spoils 

and consequent reactions with sulphide bearing 
sediments. 

• Increase in contact area of sulphide bearing sediments 
after mining  - acid rock drainage. 

• Extraction of coal, but no significant impact ² 

• Site 
specific 

 
 
 
 
 
• Site 

specific 

• Long   
 
 
 
 
 
 
 
• Long  

 • High negative  
 
 
 
 
 
 
• Very low 

Topography/ visual  • Topography completely disturbed – elevation increase, 
spoils, ramps and voids leading to changes in drainage 
patterns. ¹ 

• Surface topography not significantly changed ²  
 

• Site 
specific 

• Site 
specific 

• Long  
 
• Long  

 • High 
 
• None 

Soils • Topsoil stripping disturb horizons, soil distribution 
completely disturbed, loss in quality owing to drying out 
and destruction of organic matter ¹   

• No disturbance of soils ²  

• Site 
specific 

• Site 
specific 

• Med   
 
 
• Med   
 

 • Medium 
 
 
• None 
 

Land capability • Changes regarding type, thickness and slope owing to 
soil changes ¹  

• No changes of land capability ² 
 

• Site 
specific  

• Site 
specific 

• Long  
 
• Long 

 • Medium  
 
• None 

Land use • The land use will change owing to disturbances and 
rehabilitation afterwards ¹ 

• No impacts on land use ² 

• Site 
specific  

• Site 
specific 

• Short  
 
• Short 

 • High  
 
• None 

Natural vegetation/ 
plant life 

• Changes because of topsoil removal and rehabilitation 
after mining operations ¹ 

• Site 
specific 

• Long 
 

 • High 
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Aspect Impact Assessment Spatial 
scale 

Temporal 
scale / 

duration 

Degree of 
certainty/ 
likelihood 

• Significance/ 
severity 

• No impacts on vegetation ² • Site 
specific 

• Long • None 

Animal life • Most wildlife species have been driven off owing to 
mining activities ¹ 

• Surrounding mining activities resulted in a number of 
species moving away ² 

• Site 
specific 

• Site 
specific 

• Short  
 
• Short  

 • High 
 
• Low 

Surface water • Surface water runoff patterns changed ¹ 
• Quantity and quality of the water may be affected ¹ 
• Little impact owing to underground mining ² 

• Regional  
 
• Regional  

• Long  
 
• Long   

 • High  
 
• None  

Groundwater • Changes in influx rates ¹,² 
• Dewatering changed little ¹,² 
• Water quality changed ¹,² 

• Regional  • Long   • High  

Air quality • Dust is caused by mining activities owing to dragline 
operations, loading, transport and dumping of coal as to 
a lesser extent from blasting with impacts on the 
communities¹  

• Blasting also causes fumes and gases then released to 
the atmosphere ¹ 

• Smoke from spontaneous combustion in a few isolated 
areas ¹ 

• Dust and gas occurrence underground  is limited ² 

• Regional  
 
 
 
 
• Site 

specific 

• Short  
 
 
 
 
 
• Short 

 • Medium 
 
 
 
 
 
• Low 

Noise • Tipping of rock  
• Noise from equipment  
• Noise from vehicles  
• Noise from explosives 

• Site only • Short  • Medium 

Visual aspects • Visible opencast spoil piles and voids ¹ 
• Mine infrastructure visible ¹,² 

• Regional  
• Site 

specific 

• Short 
• Short 
 

 • High 
• Low 

Regional socio-
economic structure 

• Positive contribution to economic well-being ¹,² 
• Earner of foreign currency 

• Regional • Short   • High positive 

Note:  ¹ Opencast, ² Underground    
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6.4 Case study 3: Coal 

 

Both Mines C and D must be seen against the background (summarised in 

Annexure 10 with information adapted from Company C EMPR) as these 

mines form part of Company C operations. 

 

6.4.1 Mine C:  Profile 

 

Brief description 

This mine comprises two sections namely Mine C Central (main shaft only) 

and Mine C Export (east shaft and west shaft). 

 

Mine C Central is a single shaft complex.   Mine C Export is a two-shaft 

complex.  The three shafts are independent and separate units that are not 

linked underground.  They are located in close proximity to one another.  The 

key infrastructure at the shaft sites is essentially similar.  The shafts are linked 

by means of an overland conveyor system to the plant.  Mining is done in the 

four-lower coal seam at an average depth of 160m.  

Mining methods 

Mine C is a bord and pillar operation with extraction on the retreat. 

 

Reserves  

The current mine will produce eight million tons a year for with Mine C Central 

projected closure in 2016 (Nussey, 2007).  
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6.4.2 Environmental cost information 

 

All monetary information specific to Mine C was obtained from the accountant; 

environmental manager and Company C’s annual report.    

 

The detailed matrix is captured in Annexure 11 as background information. 

 

Table 6.13 is a summary of total Rand value per cost category and also the 

main sub-categories’ Rand value totals.  Table 6.14 gives the summary of 

costs as percentages with the total environmental costs as 100%.   

 

 

Graph 6.7  Mine C percentage environmental costs per main category 

Percentages of Main Categories

77.68%

3.59%

18.73% 0.00%
1. Waste + Emission Treatment

2. Prevention and environmental
management
3. Material purchase value of non product
output
4. Processing Costs of Non Prodct Output
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Table 6.13 Summary Mine C environmental costs 2001(Rand value) 

 
Environmental media  
 

Air + climate Waste water Waste Soil + ground 
water 

Radiation Health + 
safety 

Other Total 

Environmental cost categories 
 

        

1 Waste and emission Treatment 
 

       100 297 343 

1.1 Depreciation for related equipment 495 145 5 681 123 485 065 2 307 000 0 0 0 8 968 333 
1.2 Maintenance, operating materials 

and services 
0 1 510 188 583 093 554 000 0 0 8 929 352 11 576 633 

1.3 Related personnel 0 351 677 0 0 0 0 8 973 000 9 324 677 
1.4 Fees, taxes, charges 0 0 0 0 0 0 0 0 
1.5 Fines and penalties 0 0 0 0 0 0 0 0 
1.6 Insurance for environmental 

liabilities 
0 0 0 0 0 0 0 0 

1.7 Provisions for clean up costs, 
remediation 

0 0 0 0 0 0 70 427 700 70 427 700 

2 Prevention and environmental management       4 641 361 

2.1 External services for environmental 
management 

0 231 456 0 0 0 0 854 757 1 086 213 

2.2 Personnel for general environmental 
management activities 

0 0 0 0 0 0 2 802 772 2 802 772 

2.3 Research and development 0 0 0 0 0 0 0 0 
2.4 Extra expenditure for cleaner 

technologies 
0 0 0 0 0 0 0 0 

2.5 Other environmental management 
costs 

0 31 000 0 615 000 0 0 106 376 752 376 
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Environmental media  
 

Air + climate Waste water Waste Soil + ground 
water 

Radiation Health + 
safety 

Other Total 

3 Material purchase value of non-product output       24 180 202 

3.1 Raw materials 0 0 0 0 0 0 0 0 
3.2 Packaging materials 0 0 0 0 0 0 0 0 
3.3 Auxiliary materials 0 0 0 0 0 0 0 0 
3.4 Operating materials 0 565 166 9 741 000 0 0 0 0 10 306 166 
3.5 Energy 0 0 0 0 0 0 4 160 000 4 160 000 
3.6 Water 0 9 714 036 0 0 0 0 0 9 714 036 
4 Processing costs of non-product 

output 
0 0 0 0 0 0 0 0 

Total environmental costs 495 145 18 084 646 10 809 158 3 476 000 0 0 96 253 957 129 118 906 
5 Environmental earnings         
5.1 Subsidies, awards 0 0 0 0 0 0 0 0 
5.2 Other earnings 0 0 -560 800 0 0 0 0 -560 800 
Total environmental earnings 0 0 -560 800 0 0 0 0 -560 800 

         
Saldo Costs/Earnings 495 145 18 084 646 10 248 358 3 476 000 0 0 96 253 957 128 558 106 
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Table 6.14 Summary Mine C environmental costs 2001(Percentages) 

 
Environmental media  
 

Air + climate Waste water Waste Soil + ground 
water 

Radiation Health + 
safety 

Other Total 

Environmental cost categories 
 

        

1 Waste and emission Treatment 
 

               77.68 

1.1 Depreciation for related equipment              0.38             4.40         0.38              1.79                 -                   -           -             6.95 
1.2 Maintenance, operating materials 

and services 
                -               1.17         0.45              0.43                 -                   -        6.92           8.97 

1.3 Related personnel                 -               0.27            -                   -                   -                   -        6.95           7.22 
1.4 Fees, taxes, charges                 -                  -              -                   -                   -                   -           -                -   
1.5 Fines and penalties                 -                  -              -                   -                   -                   -           -                -   
1.6 Insurance for environmental 

liabilities 
                -                  -              -                   -                   -                   -           -                -   

1.7 Provisions for clean up costs, 
remediation 

                -                  -              -                   -                   -                   -      54.54         54.54 

2 Prevention and environmental management                 3.59 

2.1 External services for environmental 
management 

                -               0.18            -                   -                   -                   -        0.66           0.84 

2.2 Personnel for general environmental 
management activities 

                -                  -              -                   -                   -                   -        2.17           2.17 

2.3 Research and Development                 -                  -              -                   -                   -                   -           -                -   
2.4 Extra expenditure for cleaner 

technologies 
                -                  -              -                   -                   -                   -           -                -   
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Environmental media  
 

Air + climate Waste water Waste Soil + ground 
water 

Radiation Health + 
safety 

Other Total 

2.5 Other environmental management 
costs 

                -             0.02            -                0.48                 -                   -        0.08           0.58 

3 Material purchase value of non-product output               18.73 

3.1 Raw materials                 -                  -              -                   -                   -                   -           -                -   
3.2 Packaging materials                 -                  -              -                   -                   -                   -           -                -   
3.3 Auxiliary materials                 -                  -              -                   -                   -                   -           -                -   
3.4 Operating materials                 -               0.44         7.54                 -                   -                   -           -             7.98 
3.5 Energy                 -                  -              -                   -                   -                   -        3.22           3.22 
3.6 Water                 -               7.52            -                   -                   -                   -           -             7.52 
4 Processing costs of non-product 

Output 
                -                  -              -                   -                   -                   -           -                -   

Total environmental costs              0.38           14.01         8.37              2.69                 -                   -      74.55       100.00 
5 Environmental earnings                 -                  -              -                   -                   -                   -           -                -   
5.1 Subsidies, awards                 -                  -              -                   -                   -                   -           -                -   
5.2 Other earnings                 -                  -   -       0.43                 -                   -                   -           -   -         0.43 
Total environmental earnings                 -                  -   -       0.43                 -                   -                   -           -   -         0.43 

         
Saldo Costs/Earnings              0.38           14.01         7.94              2.69                 -                   -      74.55         99.57 
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A total of 77.68% of environmental costs is reported as waste and emission 

treatment.  70% of the waste and emission treatment costs (54.54% of total 

costs) accounts for provision for clean-up and remediation.  This must be split 

into provision for closure and recorded under that heading.  Water and 

energy, as non-product output, are approximately 15% of total costs. 

Prevention and environmental management costs are 3.59% of total costs 

and are because the environmental services of the mines of Company C are 

centralised in one business unit.  The mine, therefore, does not recognise (or 

define) mine specific preventative environmental management costs.   

 

 

Graph 6.8 Mine C percentage environmental costs per environmental media. 
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74.55% of total environmental costs is allocated under ‘other’.  This 

percentage is made up of 73.2% for provisions and 26.8% for personnel.  

14.01% of total environmental costs falls within the waste water media and is 

indicative of waste as a main environmental aspect. 8.37% contributes to 

waste costs.  Costs for biodiversity and landscaping could not be obtained 

and was therefore not included in the matrix 

 

6.4.3 Environmental Management Programme Report (EMPR) 

 

The environmental management programme reports for both Mine C and 

Mine D are combined into one document and will be discussed later in this 

section. (Table 6.15). 

 

According to the EMPR (Company C, 2002), geological changes, i.e. 

fracturing, collapse and expansion of strata because of the mining activities 

are highly significant with long-term effects.  This is, however, not visible in 

the environmental cost allocation owing the centralised environmental 

services of Company C.  Generation of poor quality groundwater and 

contamination and pollution of surface water are high priorities according to 

the EMPR and are also reflected in the environmental cost allocation.  

 

6.4.4 Mine C general  

 

General issues will be discussed in combination with Mine D (section 6.5.4). 
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Table 6.15 Aspects and impact assessment for Company C collieries.  (Adapted from Company C EMPR, 2002) 
 

Aspect Impact Assessment Spatial scale Temporal 
scale 

Degree of 
certainty 

Significance 

Geology • Fracturing and collapse of the overlaying strata ¹ 
• Expansion fracturing of the strata lateral to the coal 

seam ¹ 
• Potential stress fracturing of the strata underlying the 

extraction areas ¹ 
• Creation of surface subsidence ² 
• Creation of surface sinkholes and subsurface cavities ² 
• Disturbance of the groundwater regime ² 
• Generation of poor quality groundwater and/or poor 

quality seepage to surface ² 
• Surface erosion ²   
 

• Regional • Long 
term 

• Definitely • High 
negative 

Topography • Surface subsidence 
• Uneven terrain 
• Changes to drainage lines 
• Ponding of water on surface 
• Increase infiltration of surface water to underground 

mine workings 
• Change in land capability and land use  

• Regional • Medium 
term 

• Definitely • Moderate 
negative 

Soils • Reduction in the soils production capability  • Regional • Long 
term 

• Probable • Moderate 
negative 

Land capability • Change in land capability  • Local • Short 
term 

• Definite • Low 
negative 

Land use • Reduction of the area available for agriculture 
• Disturbance in biodiversity 
• Change in functionality of surface infrastructure owing 

to surface subsidence 

• Local • Long 
term 

• Probable • Moderate 
negative 

Natural 
vegetation 

• No significance • Local • Short 
term 

• No 
impact 

• Very low 

Animal life • Reduction in the numbers of wetland animals • Local • Short • No • Very low 
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Aspect Impact Assessment Spatial scale Temporal 
scale 

Degree of 
certainty 

Significance 

term impact 
Surface water • Effect on yield from the catchment in term of natural 

runoff 
• Impact on receiving water body 
• Adverse effects on fitness for use of surface water 

owing to contamination and pollution 

• Regional • Short 
term 

• Probable • Moderate 

Groundwater • Dewatering of water supply boreholes and deep aquifer 
• Groundwater inflow to the mine workings 
• Contamination of groundwater in the shallow aquifer 

• Regional 
 
• Local 
 
• Regional  

• Long 
term 

• Medium 
term 

• Long 

• Probable 
 
• Definite 
 
• Probable   

High negative 

Air quality • Reduction in the quality of life 
• Nuisance effect on workers and surrounding 

landowners 
• Adverse health effects 

• Local • Medium 
term 

• Probable • Low 
negative 

Noise • Reduction in quality of life 
• Nuisance effect on workers and surrounding 

landowners 

• Local • Medium 
term 

• Probable • Low 
negative 

Sites of 
archaeological 
and cultural 
interest 

• Loss or damage to sites • Local • Medium 
term 

• No 
impact 

• Very low 

Sensitive 
landscapes 

• No impact • Local • Medium 
term 

• No 
impact 

• Very low 

Visual  • Reduction in aesthetic quality of the area • Local • Medium 
term 

• Definite • Low 
negative 

Regional and 
socio-economic  

• Stabilizing the local economy 
• Improving strategic situation wrt petroleum products 
• Increasing foreign exchange savings 

• National • Medium 
term 

• definite • High 
positive 

Note: The aspects and impacts listed are relevant for the operational phase of the mine.   ¹ Direct; ² Indirect 
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6.5 Case study 4: Coal 

 

6.5.1 Mine D: Profile 

 

Brief history 

The mine started production in 1990, producing around seven million tons of 

coal a year initially in the lowest stripping ratio area (Mining Weekly, 2002).  

The method used was highwall strip mining that was extended in 1996 to 

incorporate underground mining. The strip mining activities ceased in June 

2004. 

Brief description 

Mine D produced approximately nine millions of tons during 2001 (both 

underground and open cast mining).  

 

Product 

Supply coal for Company C feed and sales to Eskom. 

 

Mining methods 

Mine D operates as an underground and open cast (strip mining) mine (2001). 

 

Reserves  

The mine could produce approximately eight million tons a year with the 

underground operations continuing.  The life of the underground mine is 2032. 
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6.5.2 Environmental cost information 

 

All monetary information specific to Mine D was obtained from the accountant, 

environmental manager and Company C’s annual report.    

 

The detailed matrix is captured in Annexure 12 as background information. 

 

Table 6.16 is a summary of total Rand value per cost category and also the 

main sub-categories’ Rand value totals.  Table 6.17 gives the summary of 

costs as percentages with the total environmental costs as 100%.   

 

 

Graph 6.9 Mine D Percentages of environmental costs per main 

environmental category. 
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Table 6.16 Summary Mine D environmental costs 2001(Rand value) 

 
Environmental media  
 

Air + climate Waste water Waste Soil + ground 
water 

Radiation Health + 
safety 

Other Total 

Environmental cost categories 
 

        

1 Waste and emission treatment 
 

       173,218 995 

1.1 Depreciation for related equipment 0 32 937 611 0 6 523 000 0 0 0 39 460 611 
1.1 Maintenance,  operating materials 

and services 
9 551 000 565 165 1 342 916 41 119 000 0 0 14 306 000 66 884 081 

1.2 Related personnel 0 351 677 0 393 000 0 0 10 461 000 11 205 677 
1.3 Fees, taxes, charges 0 0 0 0 0 0 0 0 
1.4 Fines and Penalties 0 0 0 0 0 0 0 0 
1.5 Insurance for environmental 

liabilities 
0 0 0 0 0 0 0 0 

1.6 Provisions for clean up costs, 
remediation 

0 0 0 4 770 000 0 0 50 898 626 55 668 626 

2 Prevention and environmental management       1 640 241 

2.1 External services for environmental 
management 

0 231 456 0 0 0 0 0 231 456 

2.2 Personnel for general environmental 
management activities 

0 0 0 0 0 0 1 330 385 1 330 385 

2.3 Research and development 0 0 0 0 0 0 0 0 
2.4 Extra expenditure for cleaner 

technologies 
0 0 0 0 0 0 0 0 

2.5 Other environmental management 
costs 

0 0 0 0 0 0 78 400 78 400 
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Environmental media  
 

Air + climate Waste water Waste Soil + ground 
water 

Radiation Health + 
safety 

Other Total 

3 Material purchase value of non-product output       37 036 202 

3.1 Raw materials 0 0 2 030 000 0 0 0 0 2 030 000 
3.2 Packaging materials 0 0 0 0 0 0 0 0 
3.3 Auxiliary materials 0 0 0 0 0 0 0 0 
3.4 Operating materials 0 565 166 16 127 000 0 0 0 0 16 692 166 
3.5 Energy 0 0 0 0 0 0 8 600 000 8 600 000 
3.6 Water 0 9 714 036 0 0 0 0 0 9 714 036 
4 Processing costs of non-product 

output 
0 0 0 0 0 0 0 0 

Total environmental costs 9 551 000 44 365 111 19 499 916 52 805 000 0 0 85 674 411 211 895 438 
5 Environmental earnings         
5.1 Subsidies,  awards 0 0 0 0 0 0 0 0 
5.2 Other earnings 0 0 -560 800 0 0 0 0 -560 800 
Total environmental earnings 0 0 -560 800 0 0 0 0 -560 800 

         
Saldo Costs/Earnings 9 551 000 44 365 111 18 939 116 52 805 000 0 0 85 674 411 211 334 638 
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Table 6.17 Summary Mine D environmental costs 2001(Percentages) 

 
Environmental media  
in Rand 

Air + climate Waste water Waste Soil + ground 
water 

Radiation Health + 
safety 

Other Total 

Environmental cost categories 
 

        

1 Waste and emission treatment 
 

        

1.1 Depreciation for related equipment                 -           15.54            -                3.08                 -                   -           -           18.62 
1.2 Maintenance, operating materials 

and services 
             4.51             0.27         0.63            19.41                 -                   -        6.75         31.56 

1.3 Related personnel                 -               0.17            -                0.19                 -                   -        4.94           5.29 
1.4 Fees, taxes, charges                 -                 -              -                   -                   -                   -           -                -   
1.5 Fines and penalties                 -                  -              -                   -                   -                   -           -                -   
1.6 Insurance for environmental 

liabilities 
                -                  -              -                   -                   -                   -           -                -   

1.7. Provisions for clean up costs, 
remediation 

                -                  -              -                2.25                 -                   -      24.02         26.27 

2 Prevention and environmental management                 0.77 

2.1 External services for environmental 
management 

                -               0.11            -                   -                   -                   -           -             0.11 

2.2 Personnel for general environmental 
management activities 

                -                 -              -                   -                   -                   -        0.63           0.63 

2.3 Research and development                 -                  -              -                   -                   -                   -           -                -   
2.4 Extra expenditure for cleaner 

technologies 
                -                  -              -                   -                   -                   -           -                -   
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Environmental media  
in Rand 

Air + climate Waste water Waste Soil + ground 
water 

Radiation Health + 
safety 

Other Total 

2.5 Other environmental management 
costs 

                -                  -              -                   -                   -                   -        0.04           0.04 

3 Material purchase value of non-product output               17.48 

3.1 Raw materials                 -                  -           0.96                 -                   -                   -           -             0.96 
3.2 Packaging materials                 -                  -              -                   -                   -                   -           -                -   
3.3 Auxiliary materials                 -                  -              -                   -                   -                   -           -                -   
3.4 Operating materials                 -               0.27         7.61                 -                   -                   -           -             7.88 
3.5 Energy                 -                  -              -                   -                   -                   -        4.06           4.06 
Water                 -               4.58            -                   -                   -                   -           -             4.58 
4 Processing costs of non-product 

output 
                -                -              -                   -                   -                   -           -                -   

Total environmental costs              4.51           20.94         9.20            24.92                 -                   -      40.43       100.00 
5 Environmental earnings                 -                  -              -                   -                   -                   -           -                -   
5.1 Subsidies, awards                 -                  -              -                   -                   -                   -           -                -   
5.2 Other earnings                 -                  -   -       0.26                 -                   -                   -           -   -         0.26 
Total environmental earnings                 -                  -   -       0.26                 -                   -                   -           -   -         0.26 

         
Saldo Costs/Earnings              4.51           20.94         8.94            24.92                 -                   -      40.43         99.74 
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As Mine D is the same company, it echoes the pattern of environmental cost 

distribution per main categories as Mine C.   The sum of 81.75% of total 

environmental costs falls within the waste and emission treatment category.  

Only 32% of the waste and emission treatment costs are allocated to 

provisions for clean-up and remediation.  Approximately 38.6% of this 

category (that is 31.56 of total environmental costs) contributes to 

maintenance, operating materials and services. 

 

The sum of 17.48% of total environmental costs falls in the material purchase 

of non-product output category, approximately 26% of which is water and 23% 

is energy. Mine specific research and development costs could not be 

obtained, probably because the environmental services unit of the company is 

centralised. 

Graph 6.10 Mine D Percentages of environmental costs per environmental 

media. 
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The environmental costs per environmental media for mine D are allocated 

more evenly between the different environmental media.  This could be 

because Mine D has both underground and open cast operations.  40.43% is 

allocated under ‘other’ that includes the 24.02% for provisions and the rest 

being mostly personnel costs.  20.94% is waste water costs that emphasise 

the importance of water as resource.  24.92% is allocated to soil and 

groundwater mainly for depreciation of equipment and maintenance.   Costs 

for biodiversity and landscaping could not be obtained and were therefore not 

included in the matrix 

 

6.5.3 Environmental Management Programme Report (EMPR) 

 

The environmental management programme reports for both Mine C and 

Mine D are captured in one document as both mines form part of Company C. 

(Table 6.15). 

 

According to the EMPR, the following impacts are of high or moderate 

significance: 

• Fracturing and collapse of the overlaying strata and expansion fracturing 

of the strata lateral to the coal seam  

• Potential stress fracturing of the strata underlying the extraction areas  

• Creation of surface subsidence and creation of surface sinkholes and 

subsurface cavities 

• Disturbance of the groundwater regime  
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• Generation of poor quality groundwater and/or poor quality seepage to 

surface  

• Surface erosion  

• Disturbance in biodiversity 

• Effect on yield from the catchment in term of natural runoff 

• Impact on receiving water body 

• Adverse effects on fitness for use of surface water fom contamination and 

pollution 

• Dewatering of water supply bore holes and deep aquifer 

• Groundwater inflow to the mine workings 

• Contamination of groundwater in the shallow aquifer. 

 

Structural changes to the geological strata owing to mining activities are of 

concern.  The environmental costs allocated for soil and groundwater 

problems as well as waste water issues reflect the importance of water as a 

resource. One third of the environmental costs identified is allocated to water 

related activities. Disturbance in biodiversity is listed as an impact of moderate 

concern and yet no costs directly linked to biodiversity management could be 

identified.   
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6.5.4 Company C (Mine C and Mine D) general 

 

Mine C and D, both being in the same company, show similar trends of 

environmental costs per main category.  The reason could be that the 

company has a certain level of environmental awareness, which reflects in 

both the mines.  The different division of environmental costs per 

environmental can be due to the fact that the mining methods differ; one mine 

being an underground operation and the other mine both underground and 

open cast.   

                                                                                                                                   

Table 6.18.  Relative environmental costs – Mine C and Mine D (2001).  

Mine Total production costs 
(R mil) 

Environmental costs 
(real) 

(R mil) 

Environmental costs 
relative to production 

costs 
C 719.7 129.1 17.94% 

D 906.0 211.9 23.4% 
 

By comparing the two mines within the same company, by using relative 

costs, it is possible to make some deductions.  The relative environmental 

cost of Mine C at 17.97% is lower than Mine D at 23.4%.  This can be 

attributed to the fact that Mine C operations are open cast only whereas Mine 

D is open cast and underground.  This changes the methods and equipment 

used and therefore the operational cost. 

 

The general knowledge in the company about different environmental costs 

and the identification of costs as being environmental is not very advanced, 

although general environmental awareness is very good.  Information within 

the company is fragmented and could not be easily obtained.    
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6.6 General discussion 

 

Although the aim of this thesis is not to compare the environmental costs on 

the different mines, it is valuable to look at the trends.  The following two 

graphs show the comparison between the mines of both the environmental 

costs per environmental category and the environmental costs per media.  

The percentages used are relative to the total environmental cost per mine 

and not the relative environmental costs per mine. 

 

Graph 6.11 Percentage environmental costs per category for all four mines 
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Mine A has relative equal distribution between the three categories, i.e. waste 

and emission treatment; prevention and environmental management; and 

material purchase costs of non-product output.  Mine B shows a much higher 

percentage of waste and emission treatment costs, which can be attributed to 

the operation being just months away from mine closure.  Mine C and Mine D 

show the same trends — this could be expected from mines within the same 

company. 

 

Graph 6.12.  Percentage environmental costs per main category 
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The distribution of environmental cost percentage between the mines for the 

first category — waste and emission treatment — show approximately a 50% 

difference. Mine C and Mine D are the highest.  The second category: 

prevention and environmental management, emphasise the fact that Mine C 

and Mine D rely on a centralised environmental services unit for this 

preventative function, or the mines are not capable of identifying their own 

category two environmental costs.  Mine A, an underground gold mine, has 

the highest percentage for this category. Material purchase of non-product 

output, category three, indicates that Mine A again has the highest cost 

percentage, which can be attributed to extensive use of energy and water. 

 

6.7 Key findings 

 

Obvious differences between the various case studies are the different 

commodities mined and the different mining methods used.  This might 

suggests that different approaches to accounting are needed and that very 

different findings are generated.  The results, however, show a number of 

similarities between the case studies in terms of what limitations were found in 

existing systems.  

 

This project also does not include physical information (material flow 

balances) to determine the efficiency of resource use by the mines.  The 

inclusion of physical information into the accounting system could provide 

benefits in term of monitoring resource consumption. 
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The following are common across all case studies: 

• The mines’ EMPR’s do not have an environmental management 

accounting component.  Currently, however, financial criteria are not taken 

into consideration when identifying significant environmental aspects.  

• Certain environmental costs, for example water, energy and consumables, 

were hidden; commonly accumulated in overheads by the current 

accounting systems.  Consequently these costs were being allocated in a 

manner that did not necessarily reflect their actual use.  

• Waste costs were underestimated or not reported because the companies 

did not consider the costs incurred when resources, which were included 

within the waste, were bought. Waste costs typically reflected the amount 

paid to subcontractors to remove the waste.  

• Waste rock and slimes dams were handled as mine waste, but the costs 

associated with the management of these types of waste were not 

included in the total costs related to waste. 

• Failure to properly account for environmental costs meant that 

opportunities for improved financial performance had been overlooked. 

• Fairly minor or low cost changes to existing accounting systems could lead 

to substantial operational improvements. 

• The accounting systems of the mines do not have cost codes identifying 

all possible environmental costs and revenues.  Currently the cost codes 

associated with environmental activities are found in the allocated 

overheads and consumables categories. 
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• Environmentally related location descriptions in the accounting system 

environmentally related, are in broad terms the following: 

 Business services (rehabilitation) 

 Metallurgy (slimes dams) 

 Mine specific (water use). 

• Activity listings in the accounting systems are more environmentally 

specific, although not to the extent needed for a proper EMA system.  The 

activities listing include: 

 Engineering (waste rock dumps) 

 Metallurgy (reclamation, stock piling, rock dump treatment) 

 Slimes (residue disposal, slimes clean-up, slimes dams).  

. 

6.8 Using EMA to improve performance 

 

After the analysis of the case studies it is certain that the implementation of an 

environmental management accounting system will assist in strategic decision 

making on sustainable development if interpreted correctly. 

 

By linking the outcomes of the case studies and the uses and benefits of 

EMA, as illustrated in Figure 5.2., page 177, it can be demonstrated that well 

documented environmental monetary and non-monetary information can 

contribute to better decision making.  The emphasis is on compliance, eco-

efficiency and strategic position and include not only information for 

management planning and control, but also a focus on effective resource use 

and value creation.  
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6.8.1 Compliance 

 

EMA supports environmental protection via cost-efficient environmental 

regulation and self-imposed environmental policies.  The EMP’s of the case 

studies indicates which environmental aspects and impacts, as identified by 

the companies, is of strategic significance.  The mines must legally comply to 

the EMP approved by the DME.  By comparing the information in the EMA 

systems and the information in the EMP and requirements in other relevant 

legislation, managers will be able to identify areas of over and under 

spending.  The materials flow background information to the EMA system will  

provide managers the necessary, and correct, information necessary to report 

environmental wastes and emissions to regulatory authorities. 

 

An example of the application is the high percentage environmental costs 

documented for the treatment of waste and emissions.  This indicates that the 

mines are still focussing on end-of-pipe environmental management while 

they should, according to regulatory authorities, focus more on research and 

prevention of waste and emissions.  

 

A well managed environmental programme, which includes true 

environmental costs, could make a positive contribution towards the triple 

bottom line of a company.  Minimising unnecessary end-of-pipe environmental 

costs could result in huge savings in future 
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6.8.2 Eco-efficiency 

 

EMA supports the simultaneous reduction of costs and environmental impacts 

via more efficient use of energy, water in internal operations.  Seen in the light 

of water being a resource of concern, both for shortages and excess water, 

and the fact that the case studies show that the treatment of waste water can 

be as high as 21% of the total environmental costs, EMA assists in drawing 

attention to water as a high priority environmental issue.  EMA can also assist 

managers with detail information about energy usage and costs associated 

with the different sources of energy.   Accurate information about 

environmental costs, managed in a structured way, will assist in identifying 

potential areas of environmental improvement. 

 

6.8.3 Strategic position 

 

EMA supports the evaluation and implementation of cost-effective and 

environmentally sensitive programmes for ensuring an organisation’s long-

term strategic position.   Structured and accurate environmental information, 

monetary as well as non-monetary, can contribute towards more accurate 

information incorporated into sustainability reports.  

 

6.9 Conclusion 

 

This thesis focuses on a first round, base-line analysis of environmental costs 

incurred by four different mines and the use of the existing financial 
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information to assess the knowledge and awareness about EMA.  The 

lessons learned and recommendations made are discussed in the next 

chapter. 
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CHAPTER 7: Recommendations and conclusion 

 

7.1 Introduction 

 

This study shows that the environmental aspects of the development of a 

functioning market economy, as portrayed by the mining industry, are to a 

great extent linked to the issues of environmental liability for damages caused 

in the past. 

 

There should be a better balance between horizontal and vertical measures in 

the process of environmental management, i.e. the integration of 

environmental costs into all strategies and processes to reduce the negative 

effect of environmental aspects even before they happen. 

 

7.2 Summary of chapters 

 

The introductory chapter, Chapter 1, describes the problem statement and 

hypothesis against the background of previous work done.  The reason for 

mining being the focus of this thesis is also set out in this chapter. 

 

Chapter 2 sketches a brief history of mining in South Africa and the 

importance of coal and gold as natural resources in the South African 

economy.  The mining method and associated environmental impacts 

associated with mining are discussed and form the basis of the thesis. 
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Chapter 3 introduces the South African regulatory framework for mining 

against international conventions and declarations. The importance of 

legislative compliance to minimise non-compliance costs is explained.  Mining 

sector specific regulatory issues are identified and reference is made to the 

cost implication for the mines. 

 

Chapter 4 focuses on the environmental tools available to assist the altered 

management and organisational behavioural styles. The importance of 

managers who understand environmental management concepts and how 

they fit into the modern management framework towards sustainable 

development are discussed. 

  

EMA, the main focus of this thesis, is described in Chapter 5. This chapter 

also states that without adequate and appropriate accounting for 

environmental costs, companies will not be able to meet the future 

expectations of stakeholders.  The move toward sustainable development and 

the requirements of more stringent environmental legislation make EMA an 

appropriate management tool. 

 

Chapter 6 contains the results obtained from the different mines in the form of 

case studies.  The differences between the various case studies are 

discussed, bearing in mind the fact that different commodities are mined and 

different mining methods are used. The results show that there are a number 

of similarities in the mines of awareness and limited implementation of EMA.  
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To conclude, Chapter 7 explains that companies within the South African 

mining industry should recognise the fact that sustainable development is 

inescapably linked with minimising environmental impacts and improving 

environmental performance. An EMA model is recommended and areas for 

further research and development are identified. 

 

7.3 Contribution toward the mining industry in South Africa 

 

The purpose of this study is not to identify a single best system for 

environmental management accounting, since requirements of such a system 

vary with commodity, location, corporate culture and other aspects of a 

company.  The purpose is to combine the different ideas and collate them into 

a workable generic model, which can be adapted to fit the different 

commodities, mining methods and corporate strategies.   

 

The benefits for the participating mines and holding companies are: 

• baseline estimate of the magnitude of the environmental costs as defined 

by the UNCSD procedure 

• insight into the need for a second and more detailed analysis of hidden 

environmental costs 

• insight into the need for developing information systems that can 

accommodate environmental costs 

• an improved decision basis for estimating the costs and benefits of 

projects by incorporating real environmental costs 
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• the EMA model can be used by all commodities and requires only basic 

changes for site specific and commodity specific issues.  

 

7.3.1 Lessons learned  

 

A number of lessons were learned during the project.  The following points 

relate to all the mines: 

 

• It is imperative to have a top-down approach and mine management must 

support the project and EMA should be introduced incrementally 

• Agreement must be reached very early on within the project on how 

environmental costs are to be defined and exactly what they include and 

exclude and the scope of costs considered must be reasonably limited  

• It is imperative to communicate clearly with those involved in the process 

of implementing EMA and that consideration should be given to educating 

staff on the importance and benefits of environmental management 

• It is important that a team of people are involved in developing the EMA 

system and that they have a co-ordinated strategy. The team should 

include people who understand accounting and existing accounting 

systems; people with an environmental background who are able to 

identify the environmental impacts of a mine; and, somebody who 

understands how resources are being used within the various activities 

and processes of the mine 

• Material tracking should be undertaken in relation to the resources that 

contributed most to the environmental impacts of a mine. The physical 
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information gathered from material flow balances should form the basis for 

applying accounting methodologies such as activity-based costing. It 

should not be assumed that accounting systems reflect the actual use or 

flow of materials and resources 

• The use of overhead accounts contribute towards a mine's failure to 

monitor and control its environmental costs. Overhead accounts hide 

many environmental costs and well conceal many opportunities to improve 

the financial and environmental performance of a mine 

• The mines do not fully account for their waste. The analysis suggests that 

the mines should establish a separate category in the accounting system 

for waste. Apart from including the obvious costs such as waste disposal, 

other costs such as the cost of purchased resources that are wasted, 

should also be included 

• Modifications to existing management accounting systems can be 

relatively inexpensive, yet generate significant financial and environmental 

benefits. This involves the introduction of an extra field within the 

accounting system to provide physical information on the resources being 

acquired (for example, the amount of electricity or water consumed), or a 

modification to how costs are allocated to processes or products.  

However, EMA should initially, where possible, be integrated into the 

existing accounting system and processes for data collection. An EMA 

system can essentially simply involve changing existing accounting 

systems to identify relevant environmental cost data  

• Where services are contracted out, a mine can lose control of its ability to 

reduce the environmental implications of its activities. Where contractors 
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provide services, management should consider obtaining information from 

the contractors that enables it to be informed about related environmental 

costs and performance 

• The environmental management programmes of the mines do not have an 

environmental management accounting component. EMA might assist to 

define actual business opportunities, opportunities to create value within 

current activities, or minimise the environmental impacts of the mining 

operations. 

 

7.4 Recommendations and considerations 

7.4.1 Recommended EMA matrix 

 

Building on the existing EMA framework developed by the United Nations’ 

expert working group on EMA and published by the UNDSD (2001) and IFAC 

(2005), and following on the analysis of existing practices at selected mines, a 

framework has been developed for the mining industry. The framework also 

takes into account the unique characteristics of the mining industry. 

 

The recommended EMA matrix should include the following environmental 

categories: 

• Material costs of products 

• Materials cots of non-product output 

• Waste and emission control costs 

• Prevention costs 

• Rehabilitation and closure costs 
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• General environmental management costs 

• Less tangible costs 

• Environmentally related earnings and savings. 

  

Mining is unique in the sense that mining processes do not have raw material 

inputs.  Environmental Category 1 therefore only consists of the depreciation 

and impairment of mineral rights and packaging material for the transport of 

slag. 

 

Category 2, materials costs of non-product output, contains the 

subcategories: operating materials, water and energy.  Operating materials 

must include all types of chemicals, gases, oils and consumables.  These 

items are mostly found as material codes in the general ledger as stack items.  

The data on water and energy, as major inputs, must be detailed. This 

category includes 100% of the purchase costs of water and energy. 

 

The waste and emission control category, Category 3, includes more 

subcategories than the general IFAC format.  This again reflects the unique 

issues within the mining industry.  It is important to identify all the relevant 

waste and emission control activities and the associated costs.  Each activity 

must then be included under the subcategories. The mine specific 

subcategories of importance are: 

• Costs related to the management of specific activities (i.e. rock dumps and 

tailings dams) 

• Facilities’ costs (e.g. bund walls and waste storage facilities) 
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• Fees, taxes, charges and permit costs (e.g. water use permits) 

• Remediation costs (spills and incidents) 

 

Category 4, prevention costs, are based on different activities, such as storm 

water control, air quality monitoring and cyanide monitoring. Green 

purchasing is an additional subcategory and will give an indication of 

additional costs for environmentally friendly, or green, products. 

 

Category 5, rehabilitation and closure costs, are unique for the mining 

industry.  The two subcategories, concurrent rehabilitation costs and provision 

for closure costs are mine specific and regulated by legislation. 

 

General environmental management, Category 6, is again linked to specific 

activities (e.g. alien plant eradication and management of archaeological 

sites) to avoid double accounting. 

 

Less tangible costs, Category 7, is different as these types of costs are not 

usually found in a mine’s information systems.  An example of less tangible 

costs is local community medical costs because of emissions regulated by 

permits. 

 

Category 8 includes all environmentally related earnings and savings. 

Research and development are not listed as a separate category, but 

included as a subcategory in Category 4 (prevention costs) as these are 

normally associated with specific activities. 
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Table 7.1 gives examples of the subcategories as described.   

 

The mining sector framework matrix also includes columns for percentage 

cost allocated to a specific item, information sources and the different 

environmental media.  The environmental media includes the following: 

• Waste water 

• Mine waste 

• Other waste 

• Soil and land 

• Groundwater and surface water 

• Biodiversity 

• Air and climate 

• Noise and vibration. 

 

Table 7.2 is the physical value data matrix.  This matrix is important to track 

materials flow.  Identifying high cost items in the monetary value data matrix 

and comparing the information with the physical values will assist a mine to 

determine environmental issues of concern. 
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 Table 7.1   Monetary value data matrix 

 
FRAMEWORK FOR ENVIRONMENTAL COST ASSESSMENT 

MINING SECTOR 
 

Last updated: Date…….. 

MONETARY VALUES PER ENVIRONMENTAL DOMAIN PER ANNUM 
 

 
Source 

Environmental 
domain, e.g. 

No  
Environmental cost 

category 

 
 
 

% Env Mat 
code 

G/L 
account 

 
 

Total 
cost Mine waste Waste 

water 

        
1 Materials costs of product outputs       

 Purchasing costs of:       

1.1 Raw material        
 Mineral rights depreciation       
 Mineral rights impairment       
        
1.2 Packaging materials       
 Bulk bags for slag        
        

2 Materials costs of non-product outputs       

        

 Purchasing costs of:       

2.1 Operating materials       
 Assay laboratory chemicals       
 Carbon       
 Chemicals        
 (Sodium) cyanide        

        
2.2 Water       
 Water resource management fee       
 Bulk water - Rand Water       
 Domestic water         
        
2.3 Energy       
 All types of energy e.g. diesel       
        

3 Waste and emission control costs       

        

3.1 All costs related to the management of:       
 Rock dumps       
 Tailings dams       
        
3.2 Capital equipment depreciation        
 Continuous monitoring equipment       
 Water treatment plant       
 Earth moving equipment       
        
3.3 Other equipment (once off)       
 Sampling equipment       
 Toxicity meter       
        
3.4 Operating materials & other inputs       
 Water       
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 Energy       
 Chemicals       
        

3.5 Facilities costs       
 Bund walls       
 Waste storage facilities       
        
3.6 Internal personnel costs       
        
3.7 External services       
        
3.8 Fees, taxes, charges and permits (future)       
 Waste discharge charge system        
        
3.9 Fines       
        
3.10 Compensation paid       
        
3.11 Insurance for environmental liabilities       
 Insurance (% for environmental)       
        
3.12 Remediation        
 Cyanide spills       
 Caustic spills       
        

3.13 Research & development - projects       

        

4 Prevention costs       

 Relevant Activities       

        

4.1 Capital equipment depreciation       
        
4.2 Other equipment (once off)       
        

4.3 Internal personnel costs       
        
4.4 External services       
        
4.5 Operating materials & other inputs       
 Water       
 Energy       
 Chemicals       
        
4.6 Green purchasing (additional costs)       
 Biodegradable degreasers       
 Energy efficient bulbs       
        
4.7 Research & development       
        

5 Rehabilitation and closure costs       

        

5.1 Concurrent rehabilitation costs       

 Remediation in situ       
 Top soil replacement       
 Revegetation       
        

5.2 Provision for closure costs       

 Detailed closure plan update       
 Quantum document update and negotiation       
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 Bank guarantee costs       
        

6 General environmental management       

 Relevant Activities       

 Alien plant eradication        
 Management of archaeological sites       
 Water licensing projects       
        
6.1 Management costs (personnel)       
 Full time       
 Environmental representatives       
        
6.2 Personnel operating costs       
 Furniture and equipment       
 Transport       
 Training       
        
6.3 Other legal or industry requirements       
 EMPR update/review        
 Legal register update       
 Sustainable development report       
        
6.4 Env training       
 Env courses       
 Educational materials (flyers, posters)       
        
6.5 Management of leased areas       
 Plans       
 Monitoring       
        
6.6 External projects       
 Awareness training       
 Environmental communication program       
        

7 Less tangible costs        

        

 Sub-total costs       

8 Environmentally related earnings and savings       

 Sale of scrap       

 Income from sale of waste (e.g. rock dumps)       
 Sale of waste oil       

 Sub-total earnings and savings       
        

 TOTAL       
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Table 7.2.  Physical value data matrix 

 
FRAMEWORK FOR ENVIRONMENTAL COST ASSESSMENT 

MINING SECTOR 
 

Last updated: Date……… 

PHYSICAL MATERIALS ACCOUNTING PER ACTIVITY PER ANNUM 
       

No Aspect Measurement 
Unit 

Material code 
or source of 

Info 

General ledger 
number 

Normalised per 
unit production 

Total 

1 Inputs      
1.1 Raw material      
 Total rock mined      
 Ore rock milled      
       
1.2 Packaging materials      
 Bulk bags for slag      
       
1.3 Operating materials      
1.3.1 Chemical substances      
 Chemicals (specify each)      
 Flocculants      
       
1.3.2 Oils & greases      
 Oil      
 Lubricants      
       
1.3.3 Other Mine Related      
 Explosives       
 Temporary support timber       
       
1.3.4 Other      
 Stationary & paper      
       
1.4 Water      
1.4.1 Process water (mine)      
1.4.2 Bulk water — Rand Water      
1.4.3 Domestic water incl. in property       
       
1.5 Energy      
1.5.1 Fuel      
1.5.2 Diesel      
1.5.5 Electricity      
1.5.4 Coal      
       
       
2 Product outputs (PO)      
2.1 Main Products      
 Raw materials      
       
2.2 By-products      
 Raw materials      
       
2.3 Packaging materials      
 Bulk bags for slag      
       
3 Non-Product Outputs (NPO)      
3.1 Mining waste      
 Waste rock      
 Tailings      
3.2 Water      
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3.3 Energy      
       
3.4 Hazardous waste      
 Rags contaminated with oil      
 Chemical containers      
 Batteries      
 Medicinal waste      
 Fluorescent tubes      
       
3.5 Domestic/solid waste      
 Paper      
 Plastics/rubber      
 Tins      
 Glass/returnables      
       
3.6 Waste water      
       
3.7 Air emissions      
 Dust      
 NO2      
 SO2      
 CO2      
 Methane      
       
3.8 Recycled      
 Metal      
 Plastic       
 Paper      
 Woodchips      
 
 

7.4.2 Recommended changes to existing accounting systems 

 

The following changes are recommended: 

• Overhead accounts should be reviewed to identify the types of costs are 

hidden within these accounts  

• A category for environment should be created and linked to all identified 

environmental sub-categories and environmental cost codes 

• Appropriate environmental cost codes should be created 

• Physical units must be clearly identified and linked to the relevant cost 

codes.  These units must be consistently used 

• All environmental codes should be flagged to assist gathering 

environmental information for reporting purposes.  
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7.4.3 Implementing EMA 

 

In summary, and building on the experience gained during the project, the 

following is a broad overview of the steps a mine could take if it is to 

implement an EMA system.  The steps include the following: 

 

• Gain support from top management 

• Define the boundaries of the proposed system 

• Ascertain the mine’s significant environmental impacts 

• Determine how, if at all, environmental impacts are accounted for 

• Define environmental costs 

• Determine the composition of the EMA team 

• Review existing accounting systems 

• Identify potential cost cutting opportunities currently not being addressed 

• Identify environmental revenue 

• Suggest changes to the accounting system 

• System trial run.  

 

7.5 Future research 

 

Strategic management accounting (SMA) is a discipline that includes a wide 

array of techniques or may be narrowly focused on cost management 

priorities.  The implementation and effects of these systems within 

organisations may be considered visionary and creative in comparison to the 
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reactive and technical terms of conventional systems.  Using the 

organisational context of SMA may be a key research area for the 

development of an effective strategic environmental management accounting 

system. 

 

It is clear that an essential element in attaining towards sustainable 

development is an ability to place a monetary value on potential 

environmental, economic and social costs and benefits, whether they arise 

from action or inaction.  The calculation of an activity’s internal costs is well-

understood, e.g. capital costs or raw material and mining running costs. The 

hidden costs or externalities must also be taken into account.  These include, 

the effect of airborne emissions on human health, biodiversity loss and 

climate change. Further research is necessary to provide tools and to 

determine the use of quantitative data to support calculations because these 

costs are harder to determine.  

 

Different organisations in different sectors are focusing on EMA.  This creates 

a perception that uniform standards and practices are not developed and 

implemented to account and report on environmental aspects. It may, 

therefore, be necessary to harmonise the efforts of the different sectors and 

companies to focus on environmental accounting and reporting in the context 

of the mining sector.    

 

The economic and environmental issues typically considered together under 

environmental accounting are only two of the three pillars of sustainable 
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development. The concept of sustainability requires recognition that humanity 

must live within the limits of the planet's overall resources and carrying 

capacity. Sustainable development is defined as dealing with economic, 

environmental and social issues (such as employment, education and cultural 

issues) in a way that meets both present and future human needs without 

compromising the viability of the natural earth systems on which mankind 

depends.  Accounting research and practices must include the economic and 

environmental components of environmental accounting and the social issues 

essential to overall sustainability. Most EMA initiatives in place today do not 

cover social issues.  This needs to be looked at in future. 

 

Existing accounting systems might well have been in place for many years, 

and it is important that the strengths and weaknesses of a company’s existing 

systems are known before changes are suggested.  This current research 

shows that the construction of flow charts or other types of diagrams to 

understand cost allocation are very useful.   

 

When environmental costs are allocated to the overhead accounts and evenly 

spread over all production lines and production processes, the 

environmentally friendly products and processes subsidise the 

environmentally harmful products and processes.  The resulting incorrect 

calculation of real product costs and product prices reduces the profits and 

places a burden on the environment. 
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It is suggested that all significant environmental costs (and impacts) be traced 

to the responsible activity or process, as opposed to the use of overhead 

accounts.  Material tracking could be used for material costs and other related 

product costs, such as energy, water and waste streams.  Material tracking 

will assist in highlighting material losses and uncover unexplained waste 

streams. 

 

Having done the material tracking and diagrammatically depicting the material 

flow charts, they can then be compared to a diagram of the way the current 

accounting system accounts for the flow of resources.  The results can be 

used to formulate ideas for new approaches to allocating a company’s 

environmental costs.  The best approach is to integrate all environmental 

costs (including hidden, future and contingent costs) into the managerial 

decision-making process.  It must be kept in mind that simply updating the 

conventional financial system by adding environmental costs will not help to 

solve environmental problems unless the management of information on 

environmental efficiency is integrated into all the management systems.    

 

The financial advantages or disadvantages of implementing an EMS should 

be tested using the EMA matrix.  Companies currently do not show significant 

cost savings after the implementation of and EMS. 

 

The proposed matrix is in the process of being piloted at one gold mine, which 

was not used as a case study for this research project.  The outcomes look 
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promising and the results will be published after completion of the pilot 

project.     

 

7.6 Conclusion 

 

The aim of this study is to demonstrate that well-documented environmental 

monetary and non-monetary information can contribute to better decision 

making.  By analysing existing methods used by the mines, it is shown that 

these practices are not adequate and the mines are not using the monetary 

and physical information to the benfit of the company and the environment. 

 

Managed in a more structured way, environmental costs will assist in 

identifying potential areas of environmental improvement, providing that all 

relevant environmental costs are identified and well defined. 

 

Companies are facing increasing concerns from various stakeholders about 

their environmental impacts and environmental costs.  Different stakeholders 

require different sets of information and EMA can provide information that will 

meet all requirements. Sustainability reporting is becoming increasingly 

important — the reason being a need for transparency by sharing all relevant 

information with stakeholders.  Structured and accurate environmental 

information, monetary as well as non-monetary, can contribute towards more 

accurate information being incorporated into sustainability reports. 
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Sound environmental performance can be an economic asset and well 

managed environmental programmes, which include true environmental 

costs, can make a positive contribution towards the triple bottom line of a 

company.    

 

Although there is no shortage of minerals, mankind’s future either in terms of 

the metals we now use or other raw materials are not known.  Just as today’s 

need for minerals and metals differ from the past requirements, so the future 

will differ from the present, including the technology used.  All current and 

future components have inherent cost and price implications.  In addition, 

there remains, over the coming decades, significant technical scope to lower 

costs and raise the productivity of the minerals we are currently mining and 

using.     
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ABREVIATION LIST 
 
 
ABC  Activity-based costing 

ACCA  Association of Chartered Certified Accountants 

BCSDSA Business Council for Sustainable Development South Africa 

CAPEX Capital expenditure 

CBA  Cost-benefit analysis  

CIMA  Chartered Institute of Management Accountants 

DEAT  Department of Environmental Affairs and Tourism 

DME  Department of minerals and energy 

DMTC  Delta mine training centre 

DWAF  Department of water affairs and forestry 

EIA  Environmental impact assessment 

EMA  Environmental management accounting 

EMAS  Environmental management and auditing system 

EMP Environmental management plan 

EMPR Environmental management plan report 

EMS Environmental management system 

EPI Environmental performance indicator 

FCA  Full cost accounting 

GAAP  General Accepted Accounting Principles 

GDP  Gross domestic product 

GRI  Global reporting initiative 

IASC  International Accounting Standards Committee 

IIIEE  International institute for industrial environmental economics 

LCA  Lifecycle assessment 

LCC  Lifecycle cost analysis 

MPRDA Minerals and Petroleum Resources Development Act 

NEMA  National Environmental Management Act 

ROM  Run of mine 

SA  South Africa(n) 

SABS  South African Bureau of Standards 

SHE  Safety, health and environment 
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TBL  Triple-bottom-line 

TCA  Total cost assessment 

UNDP  United Nations development programme 

UNDSD United Nations division for sustainable development. 

UNEP  United Nations environmental programme 

WBCSD World Business Council for Sustainable Development 

WCI  World coal institute 
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ANNEXURE 1 
 

Environmental management costs: Questionnaire for costs for the financial year 1991 (Chamber of Mines, 1992) 

 
 
 

Environmental issue Current 
operating or 
incremental 

operating cost 

Rehabilitation 
and grassing of 

dumps/slime 
dams 

Outside 
contractors/ 
consultants 

Closure costs: 
include and 

identify 
sequestered 

funds 

New 
development 

1. WATER      
a) Ground water management       
b) Surface water management      
c) Other      

2. AIR      
a) Dust control (include dust fund)      
b) Smoke pollution control      
c) Control of offensive or 

dangerous gases (including 
CFC’s) 

     

d) Other      
3. WASTE      

a) Waste water/sewerage 
treatment 

     

b) Radioactive waste disposal      
c) Landfill  rubbish removal      
d) Other      

4. Ground / Vegetation      
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Environmental issue Current 
operating or 
incremental 

operating cost 

Rehabilitation 
and grassing of 

dumps/slime 
dams 

Outside 
contractors/ 
consultants 

Closure costs: 
include and 

identify 
sequestered 

funds 

New 
development 

a) Vegetation/revegetation of 
dumps/slime dams 

     

b) Recycling of dumps      
c) Rehabilitation of sinkholes      
d) Development of new dumps 

and slime dams 
     

e) Erosion control      
f) Gardens and parks      
g) Other      

5. SUNDRY      
a) Noise abatement      
b) Other (specify)      
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ANNEXURE 2 
 

Table 1.  Gold: Physical accounts for South Africa: 1980 — 2001 
 

    Other  Closing  Net change Closing Number 

 Opening Production  volume  stock (sub- Volume in stock (incI. of years 

 stock (extraction) Discoveries changes soil assets) sold inventories Inventories to 
Year (tons) (tons) (tons) (tons)  (tons) (tons) (tons) (tons) depletion 

1 2 3 4 5 6 7 8 9 10 

1980 47 828.3 675.1 n/a  - 47 153.2 674.8 0.3 47 153.5 70 

1981 47 153.2 657.7 n/a  - 46 495.5 661.1 -3.4 46 492.1 71 

1982 46 495.5 664.4 n/a  - 45 831.1 661.9 2.5 45 833.6 69 

1983 45 831.1 679.7 n/a  - 45 151.4 669.2 10.5 45 161.9 66 

1984 45 151.4 681.9 n/a  - 44 469.5 685.1 -3.2 44 466.3 65 

1985 44 469.5 672.9 n/a  - 43 796.6 677.5 -4.6 43 792.0 65 

1986 43 796.6 640.0 n/a  - 43 156.6 642.1 -2.1 43 154.5 67 

1987 43 156.6 604.3 n/a  - 42 552.3 602.0 2.3 42 554.6 70 

1988 42 552.3 619.9 n/a  - 41 932.4 618.0 1.9 41 934.3 68 

1989 41 932.4 607.7 n/a  - 41 324.7 605.9 1.8 41 326.5 68 

1990 41 324.7 605.1 n/a  - 40 719.6 595.8 9.3 40 728.9 67 

1991 40 719.6 601.0 n/a  - 40 118.6 601.4 -0.4 40 118.2 67 

1992 40 118.6 613.0 n/a  - 39 505.6 613.0 0.0 39 505.6 64 

1993 39 505.6 619.3 n/a  - 38 886.3 619.0 0.3 38 886.6 63 

1994 38 886.3 580.2 n/a  - 38 306.1 580.2 0.0 38 306.1 66 

1995 38 306.1 523.8 n/a  - 37 782.3 524.1 -0.3 37 782.0 72 

1996 37 782.3 498.3 n/a  - 37 284.0 496.2 2.1 37 286.1 75 

1997 37 284.0 490.6 n/a  - 36 793.4 507.9 -17.3 36 776.1 75 

1998 36 793.4 465.1 n/a  - 36 328.3 464.8 0.3 36 328.6 78 

1999 36 328.3 451.3 n/a  - 35 877.0 456.8 -5.5 35 871.5 79 

2000 35 877.0 430.9 n/a  - 35 446.1 407.6 23.3 35 469.4 82 

2001 35 446.1 394.8 n/a  - 35 051.2 388.0 6.8 35 058.0 89 

 
 
 

n/a: not available 
Source: Statistics SA 2004 
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Table 2. Coal: Physical accounts for South Africa: 1980 — 2001 (million ton) 
 

      Closing     

    Other  stock  Net change Closing Estimated 

 Opening Production  volume  (sub-soil Volume in stock (incl) number of 

 stock (extraction) Discoveries changes  assets) sold inventories Inventories years to 

Year (tons) (tons) (tons) (tons)  (tons) (tons) (%) (tons) depletion 

1 2 3 4 5 6 7 8 9 10 

1980 58 906.4 115.0 n/a  - 58 791.4 113.1 1.9 58 793.3 511 

1981 58 791.4 130.3 n/a  - 58 661.1 129.9 0.4 58 661.5 450 

1982 58 661.1 143.0 n/a  - 58 518.1 140.3 2.7 58 520.8 409 

1983 58 518.1 145.6 n/a  - 58 372.5 144.6 1.0 58 373.5 401 

1984 58 372.5 162.8 n/a  - 58 209.7 161.3 1.5 58 211.2 358 

1985 58 209.7 175.9 n/a  - 58 033.8 171.9 4.0 58 037.8 330 

1986 58 033.8 176.8 n/a  - 57 857.0 174.3 2.5 57 859.5 327 

1987 57 857.0 176.1 n/a  - 57 680.9 172.6 3.5 57 684.4 328 

1988 57 680.9 181.8 n/a  - 57 449.1 183.7 -1.9 57 497.2 316 

1989 57 499.1 177.8 n/a  - 57 321.3 179.9 -2.1 57 319.2 322 

1990 57 321.3 174.9 n/a  - 57 146.4 185.4 -10.5 57 135.9 327 

1991 57 146.4 178.5 n/a  - 56 967.9 181.9 -3.4 56 964.5 319 

1992 56 967.9 177.4 n/a  - 56 790.5 179.2 -1.8 56 788.7 320 

1993 56 790.5 183.9 n/a  - 56 606.6 184.0 -0.1 56 606.5 308 

1994 56 606.6 196.5 n/a  - 56 410.1 193.7 2.8 56 412.9 287 

1995 56 410.1 205.6 n/a  - 56 204.5 205.7 -0.1 56 204.4 273 

1996 56 204.5 205.0 n/a  - 55 999.5 206.2 -1.2 55 998.3 273 

1997 55 999.5 219.3 n/a  - 55 780.2 217.1 2.2 55 782.4 254 

1998 55 780.2 223.9 n/a  - 55 556.3 223.0 0.9 55 557.2 248 

1999 55 556.3 223.3 n/a  - 55 333.0 221.7 1.6 55 334.6 248 

2000 55 333.0 224.9 n/a  - 55 108.1 223.6 1.3 55 109.4 246 

2001 55 108.1 223.5 n/a  - 54 884.6 218.8 4.7 54 889.3 246 

 
n/a: not available 
Source: Statistics SA 2004 
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Table 3. Gold: Monetary account for South Africa at current prices: 1980 — 2001  
(R million) 

 
 

Year 
 

Opening stock Depletion Revaluation Closing stock 

1980  0  201 330 

1981 201 330 14 947 -90 724 125 553 

1982 125 554 12 979 -35 767 102 766 

1983 102 766 16 519 414 119 699 

1984 119 699 18 807 -6 200 132 306 

1985 132 306 27 689 34 794 194 789 

1986 194 788 28 451 -10 902 212 337 

1987 212 337 20 769 -63 725 169 382 

1988 169 382 24 067 -8 440 185 009 

1989 185 009 18 318 -62 513 140 814 

1990 140 814 11 319 -67 657 84 475 

1991 84 475 8 539 -29 284 63 730 

1992 63 730 7 298 -21 180 49 848 

1993 49 848 19 175 58 128 127 151 

1994 127 151 18 544 -11 327 134 368 

1995 134 368 5 994 -88 503 51 859 

1996 51 859 10 531 37 171 99 561 

1997 99 561 3 575 -69 335 33 801 

1998 33 801 2 719 -8 430 28 090 

1999 28 090 3 441 5 080 36 611 

2000 36 611 261 -33 833 3 038 

2001 3 038 4 389 55 335 62 762 

 
 

Source: Statistics SA 2004 
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Table 4. Coal: Monetary accounts for South Africa at current prices: 1980 — 
2001 (R million) 

 
 

Year 
 

Opening: stock Depletion Revaluation Closing: stock 

1980  0  11 733 

1981 11 733 0 10 767 22 500 

1982 22 500 0 9 666 32 166 

1983 32 166 0 -3 834 28 333 

1984 28 333 1 19 798 48 131 

1985 48 132 5 34 125 82 262 

1986 82 262 5 -4 472 77 795 

1987 77 795 3 -35 767 42 031 

1988 42 031 6 22 558 64 595 

1989 64 595 7 36 591 101 193 

1990 101 193 6 2 128 103 327 

1991 103 327 7 -7 842 95 492 

1992 95 492 9 23 289 118 790 

1993 118 790 13 3 349 122 152 

1994 122 152 24 -1 136 121 040 

1995 121 040 55 58 781 179 876 

1996 179 876 67 39 987 219 930 

1997 219 930 124 13 616 233 670 

1998 233 670 165 25 294 259 129 

1999 259 129 151 -22 003 237 277 

2000 237 277 187 38 977 276 441 

2001 276 441 315 89 686 366 442 
 
 
Source: Statistics SA 2004 
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Annexure 4 

 

Metallurgy gold plant 

 

A brief description of a metallurgy gold plant and process is necessary as the 

environmental costs of one gold plant will be used as part of the analysis of 

current environmental management accounting practices.  The description is 

also necessary to link the perceived environmental cost to the actual process. 

 

This plant incorporates modern technology including run of mine (ROM) 

milling, carbon in pulp (CIP) adsorption and computerised control strategies. 

(Mine A EMPR). 

 

Ore receipts arrive by rail, road and directly from a mine by means of a 

pipeline. 

 

1 Run of mine (ROM) mill 

 

Ore is transferred to the mill silos in the milling section, by conveyor belts. The 

ore received varies in size from rocks of 500mm to particles finer than 1mm 

and is fed into one of six ROM mills.  The grinding media — 100mm diameter 

steel balls is fed to the ROM mills.  The mills are operated in closed circuits 

with hydro cyclones, producing an overflow product feeding the linear screen. 

The linear screen is used to remove woodchips and fibre before thickening to  

optimise reagent consumption in the leach section. Final mill product is 
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gravitated to the thickeners at a relative density of approximately 1.1, and 

more than 75% passing 75 µm. The removed woodchips and fibre are 

dispatched to an external company for gold recovery. Lime is added at a rate 

of approximately 780 grams per ton before the thickener section. 

 

The purpose of milling is to grind the ore down to a sufficiently small size 

where the gold bearing particles are released in order to maximise dissolution 

of gold during the cyanidation process that follows. 

 

2 Thickener 

 

Screen underflow is thickened in four thickeners. Flocculent is added at a rate 

of approximately six grams per ton to assist with solid particle settling. 

Thickener overflow is returned to the mills as dilution water. Beside the 

thickener overflow being returned to the mills, an underflow of thickened 

solids is pumped to the leach vessels at a relative density of 1.45 to 1.55 and 

a pH of 10.5. 

 

The general purpose of thickening is to concentrate the solids to a set relative 

density (RD) before being pumped to the leach section and to clarify the liquid 

overflow for re-use in the milling section. Thickening reduces not only the 

consumption of reagents, but also reduces the capacity requirements of all 

equipment of the section to follow. 
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3 Leaching 

 

The leach section consists of two trains of eight mechanically agitated vessels 

each in series. Supplementary air agitation can be used in each of the leach 

vessels. Liquid sodium cyanide, at an addition rate of approximately 300 

grams per ton, is used as the leaching reagent. 

 

4 Carbon in pulp (CIP) 

 

The CIP consists of two trains of eight mechanically agitated vessels each in 

series, to adsorb the leached gold onto the carbon. The slurry gravitates from 

the first to the last vessel and the carbon is moved from the last to the first 

vessel by means of vertical spindle recessed impeller pumps. The required 

carbon inventory for any particular vessel is maintained with the help of 

Kambalda screens. The carbon consumption is approximately 35 grams per 

ton. Loaded carbon is removed from the leading vessel into three elution 

circuits for the elution of the gold off the carbon. The slurry leaving the final 

vessel is screened to recover any broken or undersized carbon. Fine carbon 

is dispatched to an external company for treatment for gold recovery. The 

pulp reports to the residue tanks from where it exits the plant to other gold and 

acid plants for secondary gold recovery before proper disposal on one of the 

registered slimes disposal dams can be carried out. 
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5 Elution 

 

Circulating hot diluted caustic solution eluant (l30°C, 2% caustic) elutes the 

loaded carbon. The gold is stripped from the carbon into solution (eluate) and 

plated onto stainless steel wool in the electro-winning cells. The solution 

exiting the electro-winning cells is recycled to the elution columns as eluant. 

The stripped carbon is fed into an electrically heated kiln, at 750°C to 800°C 

to reactivate carbon. The hot carbon is quenched with regional water and 

treated with 4% hydrochloride solution, before returning to the CIP section. 

Spent acid solution is discarded through the residue disposal system. 

 

6 Recovery 

 

The gold concentrate removed from the electro-winning cells is transported to 

another gold plant for smelting. 
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ANNEXURE 5 

 
International treaties and conventions important to the South African mining industry 

 
 

Treaty/Convention Aim and framework South African status 

Basil Convention 
 
Convention on the Control of 
Transboundary Movements of 
Hazardous Wastes and their 
Disposal  

Ratified:  May 1994 
Acceded:  5 April 1994 
 
The main objectives of the convention are the reduction of the 
production of hazardous waste and the restriction of the 
production of such waste. 
It also aims to ensure that any transboundary movement and 
disposal of hazardous waste, when allowed, is strictly 
controlled and takes place in an environmentally sound and 
responsible way. 

South Africa has not signed or acceded to the 
convention. 

Convention on biological 
diversity (CBD) 

 
 

Signed:  June 1993 
Ratified:  2 November 1995 
 
The aim of he CBD is to effect international co-operation in the 
conservation of biological diversity and to promote the 
sustainable use of living natural resources worldwide. It also 
aims to bring about the sharing of the benefits arising from the 
utilisation of natural resources. 

The National Biodiversity Conservation Strategy 
was launched during 2006. 
Regional co-operation will ensure that the 
importance of the conservation and sustainable 
use of biodiversity is attended to. 
 
The South African Mining and Biodiversity 
Forum was established during 2005. 

Montreal Protocol 
 
Protocol for the protection of the 
Ozone Layer 
  

Ratified and acceded:  15 January 1990 
 
The protocol is aimed at ensuring measures to protect the 
ozone layer. 
Ratification of the protocol by most of the countries globally will 
lead to the phasing out and eventually disappearance of ozone 
depleting substances. 

South Africa ratified the London Amendments to 
the protocol in 1992 designed to restrict the use 
of chlorofluorocarbons (CFCs) and halons. 
The necessary steps are now being taken for 
the instrument for ratification to be deposited. 
South Africa has however acted in full 
compliance with these amendments. 

Persistent organic pollutants 
(POPs) 
 

Convention under negotiation. 
Objectives: 
• To take international action to minimise the risk associated 

Various dangerous and highly toxic chemicals 
will be reduced and phased out in co-operation 
with the international community. 
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with POP chemicals that have already been identified and 
proven to pose a threat to humans and the environment 
through their toxicity and persistence; and 

• The further identify additional POPs as candidates for more 
international action. 

Special efforts have been made so far to co-
ordinate and collaborate with Southern African 
Development community (SADC) countries. 

RAMSAR Convention 
 
Convention on wetlands of 
international importance 
especially as waterfowl habitat 
 

Signed and ratified:  12 March 1975 
 
The broad aims of this convention are to stem the loss and to 
promote wise use of all wetlands.  The convention addresses 
one of the most important issues in SA, namely the 
conservation of the county’s water supplies, for both the use of 
natural and the human environments. 

South Africa has designated 17 sites to the List 
of Wetlands of International Importance.  A 
number of others are under consideration. 
 
Quite a number of mines operate in the vicinity 
of these wetlands. 

United Nations Convention to 
Combat Desertification 
(UNCCD) 

Signed: 9 January 1995 
Ratified:  30 September 1997 
Acceded:  June 1994 
 
Convention to combat desertification in those countries 
experiencing serious drought and/or desertification, particularly 
in Africa. 

South Africa has not signed or acceded to the 
convention. 

United Nations Framework  
Convention on Climate 
Change (UNFCCC) 

Signed:  15 June 1993 and 27 August 1997 
Ratified:  29 August 1997 
 
154 governments signed the UNFCC in Rio de Janeiro during 
the 1992 Rio Earth Summit.  The convention addresses the 
threat of global climate change by urging governments to 
reduce the sources of greenhouse gases (GHG).  The ultimate 
objective of the convention is to stabilize GHG concentrations 
in the atmosphere at a level that would prevent dangerous 
interference with the climate system of the world. 

South Africa has numerous programmes in 
place to improve efficiency of coal-fired 
processes.  The convention enhances 
international recognition and support for these 
and other commitments towards GHG control. 
South Africa is also actively busy compiling 
GHG inventories. 
 
The mining industry, as emitters of GHG, is 
continuously doing research and implementing 
new technology to combat climate change. 
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World Heritage Convention 
 
Convention concerning the 
protection of the World Cultural 
and Natural Heritage.   

Ratified:  10 July 1997 
 
The convention aims to promote cooperation among nations to 
protect natural and cultural heritage that is of such outstanding 
universal value that its conservation is of concern to all people. 
 
The cultural heritage includes monuments, architectural works, 
archaeological structures and sites, inscriptions, buildings, etc.  
The natural heritage includes physical, geological and 
biological formations, habitats of threatened species of animals 
and plants, and other natural areas of outstanding universal 
value. 

South Africa's World Heritage Sites: Given 
South Africa's diverse culture and history and 
her spectacular natural resources and wildlife, it 
is not surprising that she boasts 7 World 
Heritage Sites. They are: 
Cultural  
1.  Fossil Hominid Sites of Sterkfontein (Cradle 
of Humanind), Swartkrans, Kromdraai, Environs 
(1999) 
2.  Mapungubwe Cultural Landscape (2003)  
3.  Robben Island (1999)  
Mixed  
4.  UKhahlamba/Drakensberg Park (2000)  
Natural 
5.  Cape Floral Region Protected Areas (2004)  
6.  Greater St. Lucia Wetland Park (1999)  
7.  Vredefort Dome (2005)  
 
A number of mines operate in the vicinity of the 
stated sites. 

 
Adapted from Barnard et al. (2003) and Fuggle & Rabie (2003) 



 

 
 

321 

 

 

 

 

 

 

ANNEXURE 6 



 

 
 

322 

ANNEXURE 6 

 

Environmental costs and expenditure definitions  

 

Annual expenses are the best available data source; a further distinction 

into cost centres, processes, products and material flow balances should 

be undertaken as a step-by-step procedure, gradually improving the 

information system.  

 

The environmental cost/expenditure categories follow the historical 

development of awareness for environmental cost categories.  The five 

categories are: 

 

1 Waste and emission treatment 

 

Waste and emission treatment costs dealing with the non-product/waste 

output of the company should be addressed.  Waste collection, recycling 

and disposal costs are the most obvious costs that should be monitored. 

Insurance and provisions for environmental liabilities are also regarded as 

treatment not prevention, as are environmental costs comprising 

treatment, disposal and clean-up costs of existing waste and emissions. 

 

1.1 Depreciation for related equipment 

 

The most obvious assets in this section are refuse compactors, collection 
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containers and vehicles, waste heat-recovery systems, air-pollution filters, 

noise abatement investments, sewage treatment plants, etc. The land/soil 

category may include areas such as landscape protection, re-cultivation 

and repair of contaminated sites.  Some companies outsource waste 

compaction, etc., and this should be dealt with under the heading External 

services for environmental management. 

 

Examples: 

• Filter systems, dust removal 

• Environmentally relevant portion of the depreciation for production 

plants 

• Depreciation for waste water treatment 

• Process safety equipment for hazardous substances and waste 

• Transport systems for waste, i.e. depreciation for trucks and containers 

• Processes for the treatment of soil contamination.  

 

1.2 Maintenance and operating material and services 

 

The relevant environment specific investments and equipment should be 

defined to calculate annual costs for related operating materials and 

equipment, maintenance, inspection, etc.  

 

Examples: 

• Operating materials and energy for plants/equipment, in accordance 

with 1.1 



 

 
 

324 

• Transport costs, i.e. for delivery of waste to disposal sites 

• Rent of waste collection containers. 

 

1.3 Related staff 

 

The time spent handling waste and emission related investments is 

calculated here.  This section applies mainly to the staff of waste collection 

departments, and the people dealing directly with the identified waste and 

emissions streams and equipment.  If this function is contracted out, it 

must be dealt with under the heading External services for environmental 

management. 

 

Examples: 

• Internal analysis, assessment, testing, control and monitoring of 

energy, water, waste, etc. 

• Administrators of energy, waste water (not in environmental 

department) 

• Cleaning of waste collection areas 

• Delivery of waste to disposal site 

• Record keeping of hazardous waste disposal 

• Operational training for treatment and prevention. 

 

1.4 Fees, charges 
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All disposal, sewer access and effluent fees, as well as costs for specific 

licenses, or environmental taxes, if applicable, should be quoted here.  

Charges can be levied on waste volumes, waste water and air emissions, 

and should also be quoted. 

 

Examples: 

• Permits 

• Charges for waste water release 

• Public waste disposal fees and charges 

• Charges for clean-up of contaminated land. 

 

1.5 Fines and penalties 

 

In cases of severe non-compliance, fines and penalties may be charged.  

 

Example: 

• Fines for non-compliance with emission regulations. 

 

1.6 Insurance for environmental liability 

 

Companies can insure themselves against liability risks. The annual 

contributions to insurance against traditional damage to persons, goods 

and biodiversity caused by dangerous and potentially dangerous activities 

should be quoted here. Insurance covering higher risks of fire or damage 

to laboratories or to transport dealing with hazardous substances and 
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dangerous processes should also be quoted here.  Health and safety 

issues should be added to the matrix in a separate column. 

 

Example: 

• Insurance against health and safety incidents related to environmental 

impacts. 

 

1.7 Provisions for clean-up costs, remediation, etc.  

 

Provision is a classic instrument for anchoring a company’s risk protection 

scheme in the balance sheet, and provision should be made for contingent 

liabilities and potential losses.  The function of provisions is to consider and 

anticipate future expenditure and obligations and to help a company protect 

itself against contingent risks.  

 

Examples: 

• Groundwater contamination 

• Surface water contamination from spills and transport damage 

• Soil contamination from contaminated surface water through a lack of 

protection troughs and collection tanks 

• Tailings management and rehabilitation 

• Backfill for strip mining as well as underground mining. 

 

1.8 Remediation and preventative environmental activities 
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In the operational phase of a company, actions may be necessary for 

environmental incidents not provided for.   

 

Example: 

• Pipe replacements. 

 

1.9 Provision for closure 

 

Provision for closure is calculated and documented in accordance with the 

closure philosophy of an organisation.   

 

Example: 

• Trust funds. 

 

1.10 Provision for post-closure 

 

The responsibilities of a company go beyond closure or 

decommissioning and provision should be made for any 

environmental activities after closure. 

 

Examples: 

• Monitoring of rehabilitated areas 

• Aftercare for soil erosion and grassing 

• Monitoring of ground and surface water. 



 

 
 

328 

2 Prevention and environmental management 

 

In contrast with the category 1, which deals with emission treatment, this 

section deals with prevention costs and costs for general environmental 

management activities. Labour costs and external services for good 

housekeeping as well as the ‘environmental’ share and extra costs of 

cleaner technologies and green purchases should be included. Research 

and development for environmental projects also form part of pollution 

prevention.  

 

2.1 External services for environmental management 

 

All external services, for example, environment related consultants, 

inspections, audits and communication, should be quoted here and, as far 

as possible, allocated to the relevant environmental media. In general, 

though, the amounts will be assigned to the ‘other expenses’ column, 

since they basically cover the totality of company activities. It is imperative 

not to overestimate or underestimate the environmental part of these 

services. Communication with the environmental team regarding the 

previous year’s projects and activities would ensure that relevant 

expenditure be traced back and the allocation to expenditure items and 

cost centres improved. 

 

Examples: 

• Legal services 
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• External trainers 

• Environmental contractors 

• Environmental auditors. 

 

2.2 Staff for general environmental management activities 

 

This section includes internal staff for general environmental management 

activities not directly related to emission treatment or the production of 

non-product output or waste.  It should be stressed again that academic 

staff may be involved and that the costs should be calculated as such. 

 

Examples: 

• Full-time environmental staff, e.g. environmental manager 

• Administrative staff of the environmental department 

• Technical staff of the environmental department 

• Other staff partly responsible for environmental activities 

• Meetings by environmental team 

• Administrative processes relevant to environmental activities 

1  

2.3 Research and development 

 

External contracts and internal staff hours for environmental research and 

development projects should be quoted separately from general 

environmental management activities. Only if the main purpose of a 
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project is to upgrade the environmental performance of the company, 

should the staff hours and related expenses be quoted under 

‘environment’. 

 

Example: 

• Research and development costs for relevant environmental projects. 

 

2.4 Extra expenditure for cleaner technologies 

 

Cleaner technologies allow for more efficient production processes, which 

reduce or prevent emission at the source. Often, the new technology uses 

less energy, is faster and has more operational capacity. Most pollution 

prevention investments involve a share of environmental improvement and 

a share of improved production, with the respective shares to be 

estimated.  

 

If the cleaner technology is state-of-the-art and was installed mainly as a 

regular replacement of an old device, it should not be regarded as 

environmental investment.  An example would be the installation of a more 

efficient and effective system controlling light switches. 

 

Examples: 

• Additional costs in comparison to state-of-the-art technologies for 

additional environmental improvements 

• Treatment plants designed for environmental purposes.  
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2.5 Other environmental management costs 

 

Various costs related to environmental protection, such as extra costs for 

ecological procurements, could be quoted here. Other environmental 

management activities, such as eco-sponsoring, are also to be found in 

this category. A major portion of the costs in this category will most likely 

be related to external communication, such as the publication of an 

environmental report.  It should be stressed that care should be taken not 

to document a cost item twice. 

 

Examples: 

• Staff environmental training and awareness 

• Environmental fliers for internal circulation 

• Annual environmental report 

• External environmental newsletter 

• Community environmental projects such as water saving projects 

• Public participation meetings.  

 

3 Material purchase value 

 

Whatever has not left the company as a product is a sign of inefficient 

operations and must, by definition, be waste and emissions. Determining 

the material flows for, at least, raw materials and auxiliary materials is 

imperative for environmental cost assessment.  The material purchase 
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cost of wasted materials is the most important environmental cost factor, 

accounting for 40% to 90% of total environmental costs, depending on the 

value of raw materials and the labour intensity.  

 

Before waste and emissions occur, the materials concerned have been: 

• Purchased (materials purchase value) 

• Transported, handled and stocked (costs for stock management, 

handling and transport) 

• Processed in various operational steps (equipment depreciation, work 

time, auxiliary and operating materials, costs for finance, etc.)  

• Collected as scrap, waste, etc., sorted, transported, treated, stocked 

• Disposed of (disposal fees). 

 

Companies thus ‘pay’ three times for non-product output (waste), namely 

at purchase, during operations and at disposal. 

 

Category 3 addresses the first and major part of these costs, namely 

wasted materials, thus dealing with handling and processing costs and 

other wasted capital and labour costs.  

 

3.1 Raw materials 

 

Non-product raw material output will mostly be disposed of as solid waste 

or as waste water.  Water and materials balances will be helpful to 

determine the waste component. 
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Example: 

• Material purchase value ending up in waste and waste water, e.g. 

excess chemicals. 

 

3.2 Auxiliary materials 

 

These materials become part of the product, but are not its main 

components. Often, they are not monitored separately.  

 

Examples: 

• Auxiliary material purchase value ending up in waste and waste water  

• Excess lubricants 

• Excess vehicle oil 

 

3.3 Packaging 

 

The material purchase value of wasted product packaging should be 

estimated.  Packaging for purchased materials is included in the material 

price and cannot be found in purchase records. If it cannot be returned to 

the suppliers it ends up as waste and will have to be disposed of at a high 

cost.  

 

Example: 

• Material purchase value of packaging material ending up in waste and 



 

 
 

334 

waste water. 

 

3.4 Operating materials 

 

Operating materials are, by definition, not contained in the product. Some 

materials are built into the office building, and stationery will have left the 

company via mail, but the major portion of chemicals, solvents, detergents, 

paint, glue, etc. goes to non-product output.  It may be necessary to 

separate operating materials used for administrative purposes.  

 

Example: 

• Material purchase value of operating materials that end up in waste 

and waste water, e.g. cleansing agents (if not already stated in 1.2). 

 

3.5 Energy 

 

For energy input, the proportion of non-efficient use has to be estimated.  

 

Examples: 

• Energy content of waste/excess heat 

• Energy loss as per energy balance. 

 

3.6 Water 

 

All materials that can be found in waste water are summarised here. In 
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addition, the purchase cost of water input is attributed to this column.  

 

Examples: 

• Purchase value of fresh water released as wastewater. 

• Water wasted as per water balance. 

 

4 Processing costs 

 

The non-product output (waste) not only has material purchase value – it 

has undergone processing in the company before leaving it again. Thus, 

wasted labour and capital costs should be added.  Work time lost through 

inefficient operations and a share of depreciation for machinery, as well as 

other possible costs should be accounted for under this item.  

 

Examples: 

• Processing cost share for staff, depreciation and operating material in 

proportion to non-product output, e.g. processing of wood chips, SOx 

and NOx   

• Development costs (generating waste material) 

• Processing costs for recovery of product from waste material. 

 

5 Environmental revenues 

 

These include only actual earnings from recycled materials or subsidies 

and can occur in all columns (savings are treated separately).  
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5.1 Subsidies, awards or donations 

 

Subsidies and donations should be quoted here, as they mean actual 

income.  Companies sometimes receive external awards for their 

activities. When the prize is real money and not a symbol, the revenue 

should also be quoted.   

 

Examples: 

• Environmental awards 

• Donations for environmental projects. 

 

5.2 Other earnings  

 

This section should include earnings from selling recyclable waste or other 

possible earnings that could derive from waste, for example, sharing the 

capacity of a waste water treatment plant.   

 

Examples: 

• Earnings from the sale of materials for re-use and recycling 

• Earnings from product recovery from waste 

• Earnings from salvaged material. 
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Notes: 

• It is important to note that costs that are incurred outside the company and 

borne by the general public (external costs) or that are relevant to 

suppliers and consumers (lifecycle costs) are not dealt with 

• It should be stressed here that care should be taken not to document a 

cost item twice, i.e. double accounting 

• The EMA methodology used has been adapted from the methodology as 

discussed by the United Nations Division for Sustainable Development 

(2001:17-32) and IFAC (2005). 
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Environmental costs Mine A 2001 - detail 
 

Environmental media 
 
 

 Environmental cost categories 

Costs in R Info 
source 

Air and 
climate 

Waste water Waste Soil and 
ground water 

Radiation Health and 
safety 

Other Total 

           

1. Waste and emission treatment           

1.1. Depreciation for related 
equipment 

          

 0  0 0 0 0 0 0 0 0 

           
Intermediate total 0  0 0 0 0 0 0 0 0 

1.2. Maintenance, operating materials and services          

Metallurgy rail transport re-allocation 5 366 980 6700 0 0 5 366 980 0 0 0 0 5 366 980 

Seismic network upgrade 136 646 cap ledger 0 0 0 136 646 0 0 0 136 646 

Environmental monitoring system 640 018 cap ledger 0 0 0 0 0 0 640 018 640 018 

GDI Enviro CH4/Co instruments 2 554 600 cap ledger 2 554 600 0 0 0 0 0 0 2 554 600 

 0  0 0 0 0 0 0 0 0 

           
Intermediate total 8 698 244  2 554 600 0 5 366 980 136 646 0 0 640 018 8 698 244 

1.3. Related personnel           

Management (5%) 901 236 1000/15 0 0 0 0 0 0 901 236 901 236 

Officials (10%) 3 614 905 1100/15 0 0 0 0 0 0 3 614 905 3 614 905 

Union men (5%) 1 793 209 1200/13 0 0 0 0 0 0 1 793 209 1 793 209 

Workmen (10%) 12 875 708 1300/15 0 0 0 0 0 0 12 875 708 12 875 708 

 0  0 0 0 0 0 0 0 0 

           
Intermediate total 19 185 058  0 0 0 0 0 0 19 185 058 19 185 058 

1.4. Fees, taxes, charges           
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Environmental media 
 
 

 Environmental cost categories 

Costs in R Info 
source 

Air and 
climate 

Waste water Waste Soil and 
ground water 

Radiation Health and 
safety 

Other Total 

Metallurgy assay/lab charges 2 055 359 6712 0 0 0 0 0 0 2 055 359 2 055 359 

 0  0 0 0 0 0 0 0 0 

           
Intermediate total 2 055 359  0 0 0 0 0 0 2 055 359 2 055 359 

1.5. Fines and penalties          0 

           
Intermediate total 0  0 0 0 0   0 0 

1.6. Insurance for environmental liabilities          

 0  0 0 0 0 0 0 0 0 
           

Intermediate total 0  0 0 0 0 0 0 0 0 

1.7. Provisions for clean up costs, remediation          

Business unit current rehabilitation 2 875 549 8300 0 0 0 2 875 549 0 0 0 2 875 549 

Provision for final closure 3 576 623 3135 0 0 0 0 0 0 3 576 623 3 576 623 

           
Intermediate total 6 452 172  0 0 0 2 875 549 0 0 3 576 623 6 452 172 

           
Total section 1 36 390 833  2 554 600 0 5 366 980 3 012 195 0 0 25 457 058 36 390 833 

2. Prevention and environmental management          

2.1.External services for environmental management         

Costs for environmental consultants 
auditing and inspection (EIA on 
gravitaur plant, EMP compliance audit 
etc) 

0  0 0 0 0 0 0 0 0 
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Environmental media 
 
 

 Environmental cost categories 

Costs in R Info 
source 

Air and 
climate 

Waste water Waste Soil and 
ground water 

Radiation Health and 
safety 

Other Total 

Costs for environmental communication 0  0 0 0 0 0 0 0 0 

Costs of environmental trainers 0  0 0 0 0 0 0 0 0 

           
Intermediate total 0  0 0 0 0 0 0 0 0 

2.2.Personnel for general environmental management activities        

AGS internal audit 24 799 029 7005 0 0 0 0 0 0 24 799 029 24 799 029 

 0  0 0 0 0 0 0 0 0 

           
Intermediate total 24 799 029  0 0 0 0 0 0 24 799 029 24 799 029 

2.3. Research and development           

AGS-Technology and innovation 1 748 600 7902 0 0 0 0 0 0 1 748 600 1 748 600 

           
Intermediate total 1 748 600  0 0 0 0 0 0 1 748 600 1 748 600 

2.4. Extra expenditure for cleaner technologies          

 0  0 0 0 0 0 0 0 0 

Intermediate total 0  0 0 0 0 0 0 0 0 

2.5. Other environmental management costs          

Costs for environmental reporting 0  0 0 0 0 0 0 0 0 

           
Intermediate total 0  0 0 0 0 0 0 0 0 

           
Total Section 2 26 547 629  0 0 0 0 0 0 26 547 629 26 547 629 

3. Material purchase value of non-product output          
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Environmental media 
 
 

 Environmental cost categories 

Costs in R Info 
source 

Air and 
climate 

Waste water Waste Soil and 
ground water 

Radiation Health and 
safety 

Other Total 

3.1. Raw materials           

 0  0 0 0 0 0 0 0 0 

           
Intermediate total 0  0 0 0 0 0 0 0 0 

3.2. Packaging materials           

None 0         0 

           
Intermediate total 0  0 0 0 0 0 0 0 0 

3.3. Auxiliary materials           

Explosives (20%) 2 185 934 2000/1 0 0 2 185 934 0 0 0 0 2 185 934 

Timber support (20%) 1 833 472 2100/8 0 0 1 833 472 0 0 0 0 1 833 472 

 0  0 0 0 0 0 0 0 0 

   0        
Intermediate total 4 019 406  0 0 4 019 406 0 0 0 0 4 019 406 

3.4. Operating materials   0        

Flocculent 334 434 2209 0 334 434 0 0 0 0 0 334 434 

Lime 65 320 2217 0 65 320 0 0 0 0 0 65 320 

General stores (5%) 2 652 400 2303/51 0 0 2 652 400 0 0 0 0 2 652 400 

           
Intermediate total 3 052 154  0 399 754 2 652 400 0 0 0 0 3 052 154 

3.5. Energy           

Power 20 258 855 2600 0 0 0 0 0 0 20 258 855 20 258 855 

 0  0 0 0 0 0 0 0 0 

           
Intermediate total 20 258 855  0 0 0 0 0 0 20 258 855 20 258 855 

3.6. Water           

 1 488 274 2700 0 1 488 274 0 0 0 0 0 1 488 274 

 0  0 0 0 0 0 0 0 0 
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Environmental media 
 
 

 Environmental cost categories 

Costs in R Info 
source 

Air and 
climate 

Waste water Waste Soil and 
ground water 

Radiation Health and 
safety 

Other Total 

           
Intermediate total 1 488 274  0 1 488 274 0 0 0 0 0 1 488 274 

           
Total section 3 28 818 689  0 1 888 028 6 671 806 0 0 0 20 258 855 28 818 689 

4. Processing costs of non-product output          

 0  0 0 0 0 0 0 0 0 

           
Intermediate total 0  0 0 0 0 0 0 0 0 

           
Total Section 4 0  0 0 0 0 0 0 0 0 

           

Total environmental costs 91 757 151  2 554 600 1 888 028 12 038 786 3 012 195 0 0 72 263 542 91 757 151 

           

5. Environmental earnings          0 

5.1. Subsidies,  awards          0 

None          0 

           
Intermediate total 0  0 0 0 0 0 0 0 0 

5.2. Other earnings           

Scrap sales -167 784 5500 0 0 -167 784 0 0 0 0 -167 784 

 0  0 0 0 0 0 0 0 0 

           
Intermediate total -167 784  0 0 -167 784 0 0 0 0 -167 784 

Total environmental earnings -167 784  0 0 -167 784 0 0 0 0 -167 784 
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Environmental media 
 
 

 Environmental cost categories 

Costs in R Info 
source 

Air and 
climate 

Waste water Waste Soil and 
ground water 

Radiation Health and 
safety 

Other Total 

Saldo Costs/earnings 91 589 367  2 554 600 1 888 028 11 871 002 3 012 195 0 0 72 263 542 91 589 367 
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Environmental costs metallurgy - No.9 gold plant 2001 - detail 

 
Environmental media 

 
 

Environmental cost categories 

Costs in R Info 
source 

Air & climate Waste water Waste Soil & ground 
water 

Radiation Health & 
safety 

Other Total 

           

1. Waste and emission treatment           

1.1. Depreciation for related equipment           

Dust extraction system in ore reception area 51 000  51 000       51 000 

Dust removal system on lime storage 10 200  10 200       10 200 

Fume extraction system on hydrochloric acid 
storage 

150 000  150 000       150 000 

Dust and fume extraction systems in smelt 
house 

220 000  220 000       220 000 

Heat exchanger systems for eluate 200 000   200 000      200 000 

Oil/grease recovery system 50 000    50 000     50 000 

Vehicles for removing woodchip containers 75 000    75 000     75 000 

Containers for receiving woodchips/fine carbon 100 000    100 000     100 000 

Containment dams 166 000   166 000      166 000 

Linear screen in milling, thickening and residue 
section 

200 000   200 000      200 000 

Johnson press and Wrencat used for fine 
carbon recovery 

300 000    300 000     300 000 

           
Intermediate total 1 522 200  431 200 566 000 525 000 0 0 0 0 1 522 200 

1.2. Maintenance, operating materials and services         
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Environmental media 
 
 

Environmental cost categories 

Costs in R Info 
source 

Air & climate Waste water Waste Soil & ground 
water 

Radiation Health & 
safety 

Other Total 

Dust and fume extraction system for chemicals 60 000  60 000       60 000 

Maintenance on residue pipeline network 200 000     200 000    200 000 

Dust and fume extraction system for process 40 000  40 000       40 000 

Calibration of gas detection 30 000  30 000       30 000 

Screening of waste 10 000      10 000   10 000 

Heat exchanger system 100 000   100 000      100 000 

Operating material for oil/grease recovery 
system 

12 000    12 000     12 000 

Operating and maintenance of vehicles and 
containers 

70 000    70 000     70 000 

Operating and maintenance of facilities 60 000   60 000      60 000 

Operating and maintenance of vehicles and 
scrap containers 

25 000    25 000     25 000 

Operating and maintenance of transformers 80 000     80 000    80 000 

Maintenance and operation of bund facilities 
and sumps 

425 000   425 000      425 000 

Maintenance and operation of rail network 2 500 000     2 500 000    2 500 000 

Maintenance and operation of linear screens 2 500 000    2 500 000     2 500 000 

Maintenance and operation of carbon recovery 
circuit 

60 000    60 000     60 000 

Maintenance and operation of sanitation 6 000     6 000    6 000 
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Environmental media 
 
 

Environmental cost categories 

Costs in R Info 
source 

Air & climate Waste water Waste Soil & ground 
water 

Radiation Health & 
safety 

Other Total 

Intermediate total 6 178 000  130 000 585 000 2 667 000 2 786 000 10 000 0 0 6 178 000 

1.3. Related personnel           

Maintenance and operation of dust extraction 
systems  

12 000  12 000       12 000 

Maintenance on residue network 35 000    35 000     35 000 

Operations of vehicles and containers 12 000    12 000     12 000 

Calibration of measuring equipment 80 000  80 000       80 000 

Analyses of contained solutions 7 500   7 500      7 500 

Training of personnel in above category 65 000       65 000  65 000 

Administration of waste disposal 7 500      7 500   7 500 

Screening of waste 2 500      2 500   2 500 

Quarterly noise and gas surveys 30 000       30 000  30 000 

           
Intermediate total 251 500  92 000 7 500 47 000 0 10 000 95 000 0 251 500 

1.4. Fees,  taxes, charges           

Cost for transporting waste 12 932 000    12 932 000     12 932 000 

Cost for permits 50 000     50 000    50 000 

Corporate overhead charges (50%) 407 500     407 500    407 500 

Disposal costs for residue to slimes dams 900 000    900 000     900 000 

           
Intermediate total 14 289 500  0 0 13 832 000 457 500 0 0 0 14 289 500 

1.5. Fines and penalties          0 

           
Intermediate total 0  0 0 0 0 0 0 0 0 

1.6. Insurance for environmental liabilities         0 

Insurance for fire risk 75 000        75 000 75 000 
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Environmental media 
 
 

Environmental cost categories 

Costs in R Info 
source 

Air & climate Waste water Waste Soil & ground 
water 

Radiation Health & 
safety 

Other Total 

Insurance for hazardous chemical spills 75 000     75 000    75 000 

Insurance for damage to property and injury to 
people 

75 000       75 000  75 000 

Insurance for environmental incidents 75 000     75 000    75 000 

           
Intermediate total 300 000  0 0 0 150 000 0 75 000 75 000 300 000 

1.7. Provisions for clean up costs/remediation         0 

Provision for rehabilitation of soil and 
groundwater 

100 000     100 000    100 000 

Provision for final closure 423 000        423 000 423 000 

           
Intermediate total 523 000  0 0 0 100 000 0 0 423 000 523 000 

           
Total section 1 23 064 200  653 200 1 158 500 17 071 000 3 493 500 20 000 170 000 498 000 23 064 200 

2. Prevention and environmental management          

2.1.External services for environmental management         

Costs for environmental consultants auditing 
and inspection (EIA on gravitaur plant, EMP 
compliance audit etc) 

179 000        179 000 179 000 

Costs for environmental communication 35 000        35 000 35 000 

Costs of environmental trainers 77 000        77 000 77 000 

           
Intermediate total 291 000  0 0 0 0 0 0 291 000 291 000 
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Environmental media 
 
 

Environmental cost categories 

Costs in R Info 
source 

Air & climate Waste water Waste Soil & ground 
water 

Radiation Health & 
safety 

Other Total 

2.2.Personnel for general environmental management activities       0 

Corporate overhead charges (50%) 407 500     407 500    407 500 

EMS coordinator on plant 57 500        57 500 57 500 

Costs for auditor 46 500        46 500 46 500 

Cost component for general environmental 
activities on plant 

75 000        75 000 75 000 

Cost component of environmental training for 
emergency planning 

34 000       34 000  34 000 

           
Intermediate total 620 500  0 0 0 407 500 0 34 000 179 000 620 500 

2.3. Research and development           

Cyanide speciation work 17 500        17 500 17 500 

           
Intermediate total 17 500  0 0 0 0 0 0 17 500 17 500 

2.4. Extra expenditure for cleaner technologies         0 

Scrubbing systems on chemical storage 157 000  157 000       157 000 

Scrubbing system in process plant 157 000  157 000       157 000 

Costs for investigation into water savings 33 000   33 000      33 000 

Intermediate total 347 000  314 000 33 000 0 0 0 0 0 347 000 

2.5. Other environmental management costs         0 

Costs for environmental reporting 26 000        26 000 26 000 
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Environmental media 
 
 

Environmental cost categories 

Costs in R Info 
source 

Air & climate Waste water Waste Soil & ground 
water 

Radiation Health & 
safety 

Other Total 

Intermediate total 26 000  0 0 0 0 0 0 26 000 26 000 

           
Total Section 2 1 302 000  314 000 33 000 0 407 500 0 34 000 513 500 1 302 000 

3. Material purchase value of non-product output         0 

3.1. Raw materials          0 

Fine carbon recovery 522 000    522 000     522 000 

Fraction of recoverable product in solid residue 3 150 000    3 150 000     3 150 000 

Rubber, wood, plastic, steel waste, steel liners 640 000    640 000     640 000 

           
Intermediate total 4 312 000  0 0 4 312 000 0 0 0 0 4 312 000 

3.2. Packaging materials          0 

None 0         0 

           
Intermediate total 0  0 0 0 0 0 0 0 0 

3.3. Auxiliary materials          0 

Personnel protective clothing 90 000       90 000  90 000 

           
Intermediate total 90 000  0 0 0 0 0 90 000 0 90 000 

3.4. Operating materials          0 

Component of excess chemicals in residue 
stream 

70 000    70 000     70 000 

           
Intermediate total 70 000  0 0 70 000 0 0 0 0 70 000 

3.5. Energy          0 
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Environmental media 
 
 

Environmental cost categories 

Costs in R Info 
source 

Air & climate Waste water Waste Soil & ground 
water 

Radiation Health & 
safety 

Other Total 

Fraction of inefficient energy usage (milling) 278 000    278 000     278 000 

Steam losses in elution process 7 000    7 000     7 000 

           
Intermediate total 285 000  0 0 285 000 0 0 0 0 285 000 

3.6. Water          0 

Evaporation 11 600   11 600      11 600 

Fraction of recoverable product in solution 
residue 

26 288 000    26 288 000     26 288 000 

           
Intermediate total 26 299 600  0 11 600 26 288 000 0 0 0 0 26 299 600 

           
Total section 3 31 056 600  0 11 600 30 955 000 0 0 90 000 0 31 056 600 

4. Processing Costs of non-product output         0 

Processing of waste rock material 30 720 000     30 720 000    30 720 000 

Processing of return dam solutions 125 000     125 000    125 000 

           
Intermediate total 30 845 000  0 0 0 30 845 000 0 0 0 30 845 000 

           
Total Section 4 30 845 000  0 0 0 30 845 000 0 0 0 30 845 000 

          0 

Total environmental costs 86 267 800  967 200 1 203 100 48 026 000 34 746 000 20 000 294 000 1 011 500 86 267 800 

           

5. Environmental earnings          0 

5.1. Subsidies, awards          0 

None          0 
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Environmental media 
 
 

Environmental cost categories 

Costs in R Info 
source 

Air & climate Waste water Waste Soil & ground 
water 

Radiation Health & 
safety 

Other Total 

           
Intermediate total 0  0 0 0 0 0 0 0 0 

5.2. Other earnings           

Fine carbon recovery -1 440 000    -1 440 000     -1 440 000 

Woodchip recovery -38 500    -38 500     -38 500 

Sales of waste material -136 000    -136 000     -136 000 

Waste rock recovery -58 202 000     -58 202 000    -58 202 000 

           
Intermediate total -59 816 500  0 0 -1 614 500 -58 202 000 0 0 0 -59 816 500 

           

Total environmental earnings -59 816 500  0 0 -1 614 500 -58 202 000 0 0 0 -59 816 500 

           

Saldo Costs/earnings 26 451 300  967 200 1 203 100 46 411 500 -23 456 000 20 000 294 000 1 011 500 26 451 300 
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Environmental Costs Mine B 2001 
 

Environmental media 
 
 

 Environmental cost categories 

Costs in R Info 
source 

Air and 
climate 

Waste 
water 

Waste Soil and 
ground 

water 

Noise and 
vibration 

Biodiversity 
and 

landscaping 

Radiation Health 
and 

safety 

Other Total 

             
1. Waste and emission treatment             
1.1. Depreciation for related equipment            

Accumulated depreciation 0  0 0 0 0 0 0 0 0 0 0 
             

Intermediate total 0  0 0 0 0 0 0 0 0 0 0 

1.2. Maintenance, operating materials and services           

Machine spares (50%) 13 447 100 6065 0 0 0 0 0 0 0 0 13 447 100 13 447 100 
On mine repairs (50%) 94 760 6066 0 0 0 0 0 0 0 0 94 760 94 760 
Rigging spares (50%) 599 000 6066 0 0 0 0 0 0 0 0 599 000 599 000 

             
Intermediate total 14 140 860  0 0 0 0 0 0 0 0 14 140 860 14 140 860 

1.3. Related personnel             
Personnel (20%) 3 082 320 5100 0 0 0 0 0 0 0 0 3 082 320 3 082 320 

             
Intermediate total 3 082 320  0 0 0 0 0 0 0 0 3 082 320 3 082 320 

1.4. Fees, taxes, charges             
Laboratory charges 39 800 8353 0 39 800 0 0 0 0 0 0 0 39 800 

             
Intermediate total 39 800  0 39 800 0 0 0 0 0 0 0 39 800 

1.5. Fines and penalties            0 
             

Intermediate total 0  0 0 0 0 0 0 0 0 0 0 

1.6. Insurance for environmental liabilities           0 

Insurance (50%) 1 477 500 8028 0 0 0 0 0 0 0 1 477 500 0 1 477 500 
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Environmental media 
 
 

 Environmental cost categories 

Costs in R Info 
source 

Air and 
climate 

Waste 
water 

Waste Soil and 
ground 

water 

Noise and 
vibration 

Biodiversity 
and 

landscaping 

Radiation Health 
and 

safety 

Other Total 

Intermediate total 1 477 500  0 0 0 0 0 0 0 1 477 500 0 1 477 500 

1.7. Provisions for clean up costs, remediation          0 

Provision for rehabilitation of soil 
and groundwater 

0  0 0 0 0 0 0 0 0 0 0 

Provision for final closure 0  0 0 0 0 0 0 0 0 0 0 
             

Intermediate total 0  0 0 0 0 0 0 0 0 0 0 

             
Total section 1 18 740 480  0 39 800 0 0 0 0 0 1 477 500 17 223 180 18 740 480 

2. Prevention and environmental management           

2.1.External services for environmental management          

Contractors mining (50%) 102 000 6501 0 0 0 0 0 0 0 0 102 000 102 000 
Contractors engineering (50%) 3 662 800 6502 7 400 0 45 200 0 0 117 600 0 0 3 492 600 3 662 800 
Contractors non-mining (100%) 272 800 6503/60

75 
0 0 0 0 0 106 800 0 166 000 0 272 800 

Professional fees (100%) 669 800 8070 0 0 0 0 0 0 0 0 669 800 669 800 
Legal fees non-mining 0  0 0 0 0 0 0 0 0 0 0 

             
Intermediate total 4 707 400  7 400 0 45 200 0 0 224 400 0 166 000 4 264 400 4 707 400 

2.2.Personnel for general environmental management activities        0 

HOD (50%) 380 000 8157 0 0 0 0 0 0 0 0 380 000 380 000 
Other staff (30%) 4 623 480 5100 0 0 0 0 0 0 0 0 4 623 480 4 623 480 

             
Intermediate total 5 003 480  0 0 0 0 0 0 0 0 5 003 480 5 003 480 

2.3. Research and development            
None 0  0 0 0 0 0 0 0 0 0 0 
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Environmental media 
 
 

 Environmental cost categories 

Costs in R Info 
source 

Air and 
climate 

Waste 
water 

Waste Soil and 
ground 

water 

Noise and 
vibration 

Biodiversity 
and 

landscaping 

Radiation Health 
and 

safety 

Other Total 

Intermediate total 0  0 0 0 0 0 0 0 0 0 0 

2.4. Extra expenditure for cleaner technologies          0 

 0  0 0 0 0 0 0 0 0 0 0 
Intermediate total 0  0 0 0 0 0 0 0 0 0 0 

2.5. Other environmental management costs           

Environmental awareness 0  0 0 0 0 0 0 0 0 0 0 
Training 0  0 0 0 0 0 0 0 0 0 0 

             
Intermediate total 0  0 0 0 0 0 0 0 0 0 0 

             
Total Section 2 9 710 880  7 400 0 45 200 0 0 224 400 0 166 000 9 267 880 9 710 880 

3. Material purchase value of non-product output          0 

3.1. Raw materials            0 
 0  0 0 0 0 0 0 0 0 0 0 
             

Intermediate total 0  0 0 0 0 0 0 0 0 0 0 

3.2. Packaging materials            0 
None 0           0 

             
Intermediate total 0  0 0 0 0 0 0 0 0 0 0 

3.3. Auxiliary materials             
Flocculants 154 000 6050 0 154 000 0 0 0 0 0 0 0 154 000 
Chemicals 1 058 800 6075 0 1 058 800 0 0 0 0 0 0 0 1 058 800 
Cleaning material 78 800 8331 0 78 800 0 0 0 0 0 0 0 78 800 

             
Intermediate total 1 291 600  0 1 291 600 0 0 0 0 0 0 0 1 291 600 

3.4. Operating materials             
Explosives (5%) 211 200 6030 0 0 211 200 0 0 0 0 0 0 211 200 
Lubricants (50%) 488 900 6045 0 244 450 0 244 450 0 0 0 0 0 488 900 
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Environmental media 
 
 

 Environmental cost categories 

Costs in R Info 
source 

Air and 
climate 

Waste 
water 

Waste Soil and 
ground 

water 

Noise and 
vibration 

Biodiversity 
and 

landscaping 

Radiation Health 
and 

safety 

Other Total 

Ropes (50%) 1 575 500 6060 0 0 1 575 500 0 0 0 0 0 0 1 575 500 
Stone dust (100%) 0 6070 0 0 0 0 0 0 0 0 0 0 
Building material (50%) 14 000 6010 0 0 14 000 0 0 0 0 0 0 14 000 
Iron and steel (50%) 641 600 6040 0 0 641 600 0 0 0 0 0 0 641 600 
Protective clothing (100%) 125 400 8154 0 0 0 0 0 0 0 125 400 0 125 400 
Intermediate total 3 056 600  0 244 450 2 442 300 244 450 0 0 0 125 400 0 3 056 600 

3.5. Energy            0 
Fuel (50%) 4 911 000 6035 0 0 0 0 0 0 0 0 4 911 000 4 911 000 

             
Intermediate total 4 911 000  0 0 0 0 0 0 0 0 4 911 000 4 911 000 

3.6. Water             
 0  0 0 0 0 0 0 0 0 0 0 
             

Intermediate total 0  0 0 0 0 0 0 0 0 0 0 

             
Total section 3 9 259 200  0 1 536 050 2 442 300 244 450 0 0 0 125 400 4 911 000 9 259 200 

4. Processing costs of non-product output            

Slurry transport 0  0 0 0 0 0 0 0 0 0 0 
             

Intermediate total 0  0 0 0 0 0 0 0 0 0 0 

             
Total Section 4 0  0 0 0 0 0 0 0 0 0 0 

            0 
Total environmental costs 37 710 560  7 400 1 575 850 2 487 500 244 450 0 224 400 0 1 768 900 31 402 060 37 710 560 

            0 
5. Environmental earnings            0 
5.1. Subsidies, awards            0 
None 0  0 0 0 0 0 0 0 0 0 0 

             
Intermediate total 0  0 0 0 0 0 0 0 0 0 0 
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Environmental media 
 
 

 Environmental cost categories 

Costs in R Info 
source 

Air and 
climate 

Waste 
water 

Waste Soil and 
ground 

water 

Noise and 
vibration 

Biodiversity 
and 

landscaping 

Radiation Health 
and 

safety 

Other Total 

5.2. Other earnings            0 
Oil and scrap sales  0 8037 0 0 0 0 0 0 0 0 0 0 
Recoveries (50%) -821 100 8031 0 0 0 0 0 0 0 0 -821 100 -821 100 
Stock movement (100%) -1 428 800 8329 0 0 0 1 428 800 0 0 0 0 0 -1 428 800 

             
Intermediate total -2 249 900  0 0 0 -1 428 800 0 0 0 0 -821 100 -2 249 900 

             
Total environmental earnings -2 249 900  0 0 0 1 428 800 0 0 0 0 -821 100 -2 249 900 

             
Saldo Costs/earnings 35 460 660  7 400 1 575 850 2 487 500 1 184 350 0 224 400 0 1 768 900 30 580 960 35 460 660 
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Environmental costs Mine C 2001 – detail 

 
Environmental media 

 
 

 Environmental cost categories 

Costs in R Info 
source 

Air and 
climate 

Waste water Waste Soil and 
ground 

water 

Radiation Health and 
safety 

Other Total 

           
1. Waste and emission treatment           
1.1. Depreciation for related equipment          

Capital expenses 7 690 000  0 5 383 000 0 2 307 000 0 0 0 7 690 000 
Equipment for waste collection 485 065  0 0 485 065 0 0 0 0 485 065 
Ventilation shaft 495 145  495 145 0 0 0 0 0 0 495 145 
Sludge 298 123  0 298 123 0 0 0 0 0 298 123 

           
Intermediate total 8 968 333  495 145 5 681 123 485 065 2 307 000 0 0 0 8 968 333 

1.2. Maintenance, operating materials and services         

Operating materials waste water plant 750 165  0 750 165 0 0 0 0 0 750 165 
Concurrent rehabilitation 500 000  0 0 0 500 000 0 0 0 500 000 
Use of rehabilitation  provision 1 645 352  0 0 0 0 0 0 1 645 352 1 645 352 
Geographic expansions 54 000  0 0 0 54 000 0 0 0 54 000 
Maintenance overhauls 1 447 000  0 0 0 0 0 0 1 447 000 1 447 000 
Waste removal 50 980  0 0 50 980     50 980 
Waste removal hostels 532 113  0 0 532 113     532 113 
Maintenance waste water plant 760 023  0 760 023 0 0 0 0 0 760 023 
Maintenance costs 5 837 000  0 0 0 0 0 0 5 837 000 5 837 000 

Intermediate total 11 576 633  0 1 510 188 583 093 554 000 0 0 8 929 352 11 576 633 

1.3. Related personnel           
Personnel 8 973 000  0 0 0 0 0 0 8 973 000 8 973 000 
Personnel waste water plant 351 677   351 677      351 677 

           
Intermediate total 9 324 677  0 351 677 0 0 0 0 8 973 000 9 324 677 
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Environmental media 
 
 

 Environmental cost categories 

Costs in R Info 
source 

Air and 
climate 

Waste water Waste Soil and 
ground 

water 

Radiation Health and 
safety 

Other Total 

1.4. Fees, taxes, charges           
           
           

Intermediate total 0  0 0 0 0 0 0 0 0 

1.5. Fines and penalties          0 
           

Intermediate total 0  0 0 0 0 0 0 0 0 

1.6. Insurance for environmental liabilities         0 

Insurance for fire risk           
Insurance for hazardous chemical spills          
Insurance for environmental incidents          

           
Intermediate total 0  0 0 0 0 0 0 0 0 

1.7. Provisions for clean up costs, remediation         0 

Provision for rehabilitation            
provision for final closure 70 427 700  0 0 0 0 0 0 70 427 700 70 427 700 

           
Intermediate total 70 427 700  0 0 0 0 0 0 70 427 700 70 427 700 

           
Total section 1 100 297 343  495 145 7 542 988 1 068 158 2 861 000 0 0 88 330 052 100 297 343 

2. Prevention and environmental management         

2.1.External services for environmental management         

Environmental auditors 64 000        64 000 64 000 
Consultants 68 285        68 285 68 285 
EIA specialist 722 472        722 472 722 472 
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Environmental media 
 
 

 Environmental cost categories 

Costs in R Info 
source 

Air and 
climate 

Waste water Waste Soil and 
ground 

water 

Radiation Health and 
safety 

Other Total 

Water monitoring 231 456   231 456      231 456 
           

Intermediate total 1 086 213  0 231 456 0 0 0 0 854 757 1 086 213 

2.2.Personnel for general environmental management activities       0 

Environmental personnel on mine 1 910 507        1 910 507 1 910 507 
Environmental management HO 892 265  0 0 0 0 0 0 892 265 892 265 

           
Intermediate total 2 802 772  0 0 0 0 0 0 2 802 772 2 802 772 

2.3. Research and development           
           
           

Intermediate total 0  0 0 0 0 0 0 0 0 

2.4. Extra expenditure for cleaner technologies        0 

           
Intermediate total 0  0 0 0 0 0 0 0 0 

2.5. Other environmental management costs          

Cleaning of dams 31 000  0 31 000 0 0 0 0 0 31 000 
Pollution control measures 615 000  0 0 0 615 000 0 0 0 615 000 
Staff env training and awareness 27 976  0 0 0 0 0 0 27 976 27 976 
Environmental community projects 78 400  0 0 0 0 0 0 78 400 78 400 

           
Intermediate total 752 376  0 31 000 0 615 000 0 0 106 376 752 376 

           
Total Section 2 4 641 361  0 262 456 0 615 000 0 0 3 763 905 4 641 361 

3. Material purchase value of non-product output        0 
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Environmental media 
 
 

 Environmental cost categories 

Costs in R Info 
source 

Air and 
climate 

Waste water Waste Soil and 
ground 

water 

Radiation Health and 
safety 

Other Total 

3.1. Raw Materials          0 
           
           

Intermediate total 0  0 0 0 0 0 0 0 0 

3.2. Packaging materials          0 
None 0         0 

           
Intermediate total 0  0 0 0 0 0 0 0 0 

3.3. Auxiliary materials          0 
           
           

Intermediate total 0  0 0 0 0 0 0 0 0 

3.4. Operating materials          0 
Operating materials 2 706 166  0 565 166 2 141 000 0 0 0 0 2 706 166 
Process material 7 600 000  0 0 7 600 000 0 0 0 0 7 600 000 

           
Intermediate total 10 306 166  0 565 166 9 741 000 0 0 0 0 10 306 166 

3.5. Energy          0 
Utilities 4 160 000  0 0 0 0 0 0 4 160 000 4 160 000 

           
Intermediate total 4 160 000  0 0 0 0 0 0 4 160 000 4 160 000 

3.6. Water           
Purchased from EDR 9 714 036  0 9 714 036 0 0 0 0 0 9 714 036 

           
           

Intermediate total 9 714 036  0 9 714 036 0 0 0 0 0 9 714 036 

           
Total section 3 24 180 202  0 10 279 202 9 741 000 0 0 0 4 160 000 24 180 202 
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Environmental media 
 
 

 Environmental cost categories 

Costs in R Info 
source 

Air and 
climate 

Waste water Waste Soil and 
ground 

water 

Radiation Health and 
safety 

Other Total 

4. Processing costs of non-product output         0 

           
Intermediate total 0  0 0 0 0 0 0 0 0 

           
Total Section 4 0  0 0 0 0 0 0 0 0 

          0 
Total environmental costs 129 118 906  495 145 18 084 646 10 809 158 3 476 000 0 0 96 253 957 129 118 906 

          0 
5. Environmental earnings          0 
5.1. Subsidies, awards          0 
None    0      0 

           
Intermediate total 0  0 0 0 0 0 0 0 0 

5.2. Other earnings          0 
Sales of scrap wood -17 088  0 0 -17 088 0 0 0 0 -17 088 
Sales of scrap metal -542 167  0 0 -542 167 0 0 0 0 -542 167 
Sales of scrap paper -1 545  0 0 -1 545 0 0 0 0 -1 545 

           
Total environmental earnings -560 800  0 0 -560 800 0 0 0 0 -560 800 

           
Saldo Costs/earnings 128 558 106  495 145 18 084 646 10 248 358 3 476 000 0 0 96 253 957 128 558 106 
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Environmental costs Mine D 2001 - detail 

 
Environmental media 

 
 

 Environmental cost categories 

Costs in R Info 

source 

Air and 
climate 

Waste water Waste Soil and 
ground water 

Radiation Health and 
safety 

Other Total 

           

1. Waste and emission treatment           

1.1. Depreciation for related 
equipment 

          

Depreciation water treatment plant 29 810 000  0 29 810 000 0 0 0 0 0 29 810 000 

Equipment for Waste collection 0  0 0 0 0 0 0 0 0 

Sludge 298 123  0 298 123 0 0 0 0 0 298 123 

Otter dam 2 829 488  0 2 829 488 0 0 0 0 0 2 829 488 

Depreciation of equipment 6 523 000  0 0 0 6 523 000 0 0 0 6 523 000 

           

           
Intermediate total 39 460 611  0 32 937 611 0 6 523 000 0 0 0 39 460 611 

1.2. Maintenance,  operating materials and services          

Operating material 9 551 000  9 551 000       9 551 000 

Maintenance costs 8 866 000  0 0 0 0 0 0 8 866 000 8 866 000 

Geographic expansion 1 049 000  0 0 0 1 049 000 0 0 0 1 049 000 

Concurrent rehabilitation 40 070 000  0 0 0 40 070 000 0 0 0 40 070 000 

Other rehabilitation costs 5 440 000  0 0 0 0 0 0 5 440 000 5 440 000 

Operating material waste water plant 565 165  0 565 165 0 0 0 0 0 565 165 

Waste removal - hostels 532 113  0 0 532 113 0 0 0 0 532 113 

Waste removal 50 780  0 0 50 780 0 0 0 0 50 780 

Maintenance waste water plant 760 023  0 0 760 023 0 0 0 0 760 023 
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Environmental media 
 
 

 Environmental cost categories 

Costs in R Info 

source 

Air and 
climate 

Waste water Waste Soil and 
ground water 

Radiation Health and 
safety 

Other Total 

Intermediate total 66 884 081  9 551 000 565 165 1 342 916 41 119 000 0 0 14 306 000 66 884 081 

1.3. Related personnel           

Maintenance and operation 
personnel 

10 461 000  0 0 0 0 0 0 10 461 000 10 461 000 

Contractors 393 000  0 0 0 393 000 0 0 0 393 000 

Personnel waste water plant 351 677  0 351 677 0 0 0 0 0 351 677 

           
Intermediate total 11 205 677  0 351 677 0 393 000 0 0 10 461 000 11 205 677 

1.4. Fees, taxes, charges           

Cost for transporting waste           

Cost for permits           

           
Intermediate total 0  0 0 0 0 0 0 0 0 

1.5. Fines and penalties          0 

           
Intermediate total 0  0 0 0 0 0 0 0 0 

1.6. Insurance for environmental liabilities         0 

Insurance for fire risk          0 

Insurance for hazardous chemical spills         0 

Insurance for damage to property and injury to people        0 
Insurance for environmental incidents         0 

           
Intermediate total 0  0 0 0 0 0 0 0 0 

1.7. Provisions for clean up costs, remediation          

Provision for rehabilitation  4 770 000  0 0 0 4 770 000 0 0 0 4 770 000 

Provision for final closure 50 898 626  0 0 0 0 0 0 50 898 626 50 898 626 
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Environmental media 
 
 

 Environmental cost categories 

Costs in R Info 

source 

Air and 
climate 

Waste water Waste Soil and 
ground water 

Radiation Health and 
safety 

Other Total 

           
Intermediate total 55 668 626  0 0 0 4 770 000 0 0 50 898 626 55 668 626 

           
Total section 1 173 218 995  9 551 000 33 854 453 1 342 916 52 805 000 0 0 75 665 626 173 218 995 

2. Prevention and environmental management          

2.1.External services for environmental management        0 

Costs for environmental consultants auditing and inspection        0 

Water monitoring 231 456  0 231 456 0 0 0 0 0 231 456 

           
Intermediate total 231 456  0 231 456 0 0 0 0 0 231 456 

2.2.Personnel for general environmental management activities       0 

Environmental personnel on mine 438 120  0 0 0 0 0 0 438 120 438 120 

Environmental management HO 892 265  0 0 0 0 0 0 892 265 892 265 

           
Intermediate total 1 330 385  0 0 0 0 0 0 1 330 385 1 330 385 

2.3. Research and Development           

           

           
Intermediate total 0  0 0 0 0 0 0 0 0 

2.4. Extra expenditure for cleaner technologies         0 

           

Intermediate total 0  0 0 0 0 0 0 0 0 
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Environmental media 
 
 

 Environmental cost categories 

Costs in R Info 

source 

Air and 
climate 

Waste water Waste Soil and 
ground water 

Radiation Health and 
safety 

Other Total 

2.5. Other environmental management costs         0 

Environmental community projects 78 400  0 0 0 0 0 0 78 400 78 400 

           
Intermediate total 78 400  0 0 0 0 0 0 78 400 78 400 

           
Total Section 2 1 640 241  0 231 456 0 0 0 0 1 408 785 1 640 241 

3. Material purchase value of non-product output         0 

3.1. Raw materials           

Sundries 2 030 000    2 030 000     2 030 000 

           
Intermediate total 2 030 000  0 0 2 030 000 0 0 0 0 2 030 000 

3.2. Packaging materials          0 

None 0         0 

           
Intermediate total 0  0 0 0 0 0 0 0 0 

3.3. Auxiliary materials          0 

Personnel protective clothing           

           
Intermediate total 0  0 0 0 0 0 0 0 0 

3.4. Operating materials          0 

Operating material 8 527 000  0 0 8 527 000 0 0 0 0 8 527 000 

Process material 8 165 166  0 565 166 7 600 000 0 0 0 0 8 165 166 

           
Intermediate total 16 692 166  0 565 166 16 127 000 0 0 0 0 16 692 166 

3.5. Energy          0 
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Environmental media 
 
 

 Environmental cost categories 

Costs in R Info 

source 

Air and 
climate 

Waste water Waste Soil and 
ground water 

Radiation Health and 
safety 

Other Total 

Utilities 8 600 000  0 0 0 0 0 0 8 600 000 8 600 000 

           

Intermediate total 8 600 000  0 0 0 0 0 0 8 600 000 8 600 000 

3.6. Water          0 

Water purchased from EDR 9 714 036  0 9 714 036 0 0 0 0 0 9 714 036 

           

Intermediate total 9 714 036  0 9 714 036 0 0 0 0 0 9 714 036 

           
Total section 3 37 036 202  0 10 279 202 18 157 000 0 0 0 8 600 000 37 036 202 

4. Processing Costs of non-product Output         0 

Processing of waste rock material           

Processing of return dam solutions           

           
Intermediate total 0  0 0 0 0 0 0 0 0 

           
Total Section 4 0  0 0 0 0 0 0 0 0 

          0 

Total environmental costs 211 895 438  9 551 000 44 365 111 19 499 916 52 805 000 0 0 85 674 411 211 895 438 

          0 

5. Environmental earnings          0 

5.1. Subsidies, awards          0 

None          0 

           
Intermediate total 0  0 0 0 0 0 0 0 0 

5.2. Other earnings          0 
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Environmental media 
 
 

 Environmental cost categories 

Costs in R Info 

source 

Air and 
climate 

Waste water Waste Soil and 
ground water 

Radiation Health and 
safety 

Other Total 

Sales of scrap wood -17 088  0 0 -17 088 0 0 0 0 -17 088 

Sales of scrap metal -542 167  0 0 -542 167 0 0 0 0 -542 167 

Sales of scrap paper -1 545  0 0 -1 545 0 0 0 0 -1 545 

           

           
Intermediate total -560 800  0 0 -560 800 0 0 0 0 -560 800 

           

Total environmental earnings -560 800  0 0 -560 800 0 0 0 0 -560 800 

           

Saldo Costs/earnings 211 334 638  9 551 000 44 365 111 18 939 116 52 805 000 0 0 85 674 411 211 334 638 

 
 

  

 

 


