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ABSTRACT

TITLE: A framework for the measurement and reporting efrenmental costs at a platinum mine

KEYWORDS: Environmental management accounting; environmerdabts; sustainability;

Corporate Social Responsibility; triple-bottom-fimgatinum mining

Sustainability is the key to unlocking a futuretthaholds the opportunities that exists today.

Environmental issues are an increasing concerwdaous stakeholders in the mining industry. To
address these concerns, managements of mining ogspahould embrace sustainable mining
practices in their daily decision making processeternal decision making processes are strongly
dependent on the quality of data included in repaged by management. Currently environmental
issues are only considered as a separate item whattached to the annual financial statements. No
link is made between the environmental performasfdbe mine and the economic performance that

is achieved.

To achieve greater acknowledgement by managemeheadimportance of controlling environmental
costs on a daily basis, environmental costs nediktalentifiable in internal management reports,
including management accounting reports. Variouthous are available with which the value of
environmental inputs and outputs can accuratelydermined. If these values are correctly
integrated into information systems, reporting éheavironmental costs will be possible, allowing a

mining company to consider triple-bottom-line retjray.

The goal of this study is to assist mining compsngpecifically platinum mining, in measuring and
reporting on environmental costs by setting upaangwork. This framework will be formulated by
means of conducting a thorough study of the read current literature pertaining to the
measurement methods of environmental costs upoohwhicomparison will be drawn between this
theory and the actual measurement and reportingneironmental costs by means of case study
research. A gap analysis has identified the probléhat platinum mines are experiencing, and
consequently, the framework created will assistimian mines in introducing the reporting of

environmental costs.

A case study on a platinum mine was done in omewvaluate the current measurement methods and
reporting on environmental costs. The collected deds analysed through explanation building and
an organisational-level logic model was developedrder to understand the reasons that costs are

recorded and reported on by using the method dlyrapplied in the case study principal. This



organisational-level logic model will assist in idiéying problems within the current costing method
in relation to environmental cost measurement ambrting. The findings identified by the case
study were compared to the theory underlying emvitental management accounting after which a
gap analysis identified the problems that platirames experience. Based on the findings of the gap
analysis, a framework was developed to assistnpiati mines in closing the gap that has been
identified.

The framework, if applied within an organisationllvassist mining companies in expanding their
current reporting on environmental issues to adeipth review of environmental impacts which can
be linked to the achievement of economic perforraaritis will allow a step forward in triple-

bottom-line reporting as the value of environmemt@dts has been identified as the missing link in

current financial reports.

The framework could not be tested as the applicaticthe framework requires a procedural change
within the organisation which needs to be approaketbp management level. This limitation does,
however, open the possibility for a follow up studglditional reporting on environmental costs will
help management in adding value and quality toydaild overall decision making processes. This
hypothesis can be tested in possible future stwdésh involve multiple-case studies and which will

extend the framework to include a decision makirgrix.
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Chapter 1
Introduction

1.1 Introduction and Problem statement

This research comprises a case study on the cunesmsurement and reporting of environmental
costs at a platinum mine. ‘Going green’ involvesrenthan implementing recycling projects and

industries working late at night to disguise toikimes released from their towering chimneys. It is

becoming increasingly important for shareholderd evestors to ensure that the environmental
footsteps are left behind upon which future gemematcan build (Schaltegger & Figge, 2000). For

an informed decision to be made on investing asji a potential shareholder should have data
readily available to the public relating to the g@amy’s environmental activitieand costsFor

this reason, the Corporate Social Responsibilit3REL reports have to include the environmental
aspects of the company. This report is publisheghaas of the annual statements (Institute of

Directors (KING lIl), 2009:10) as an integrated aep

Financial and non-financial aspects have an inpaddent relationship that indicates to
stakeholders that a company has the ability totereamd sustain value (Hindley, 2012:4).
Integrated reporting entails more than merely mstatthat a company has considered
environmental and social implications of the orgation, and should thus be able to link
sustainable performance and economical performggtitute of Directors (KING llI),

2009:108; Montalvan & Chang, 2006). This is curyehting done through the application of the
Sustainability Reporting Framework as developed thg Global Reporting Initiative. The



framework assists stakeholders and possible futwestors in assessing the quality of the
integrated report published through rating of tbatent of the report (GRI, 2013). This rating
allows investors to compare various companies’gearnces in relation to CSR through the
setting of guidelines for reporting. These guidedimepresent internal and external stakeholder

accountability and their goals to achieve sustdidbvelopment (Du Toit & Buys, 2013).

In order to improve the decision making procesa ofining company, environmental information
needs to be linked with economic variables (Prmsk010:112). Currently this is not the case as
environmental cost informatiois lacking most of the time (Jasch, 2009:2). Thasequence of
this is failure to recognise the economic valuaatural resources, material and energy efficiency

improvements as well as the financial value of gendronmental performance (Jasch, 2009:2).

Reporting of these environmental costs as a sephnat item will allow management to identify
problem areas within the current costing or produnctsystem which may, in turn, improve
profitability. The triple bottom line reporting @mpany’s success measures based on economic,
social and environmental performance (Gray & Mild@02) is widely discussed and criticised as
not adding any value to the company or their st@dehs (Norman & MacDonald, 2004) while
there are enough research has in fact been dopmve the opposite (Raar, 2002; Pava, 2007;
Hacking & Guthrie, 2008; Buys, Van Rooyen & Bosm2009).

If done correctly in conjunction with a sustainalialanced scorecard (SBSC) (Figge, Hahn,
Schaltegger, & Wagner, 2002) and a single-measganisational sustainability index to integrate
the measures in the SBSC, stakeholders will befrefit the additional reporting (Hubbard, 2009).
Data envelopment analyses dictate that stakeholffera platinum mining companies are
currently benefiting from efficient environmentarformance with regards to economic and social
gains (Oberholzer & Prinsloo, 2011).

Currently the reporting on environmental aspectsstimoconcerns the needs a@xternal

stakeholders. This can be changed in order totassgsnal management in strategic decision
making on complete accounting and reporting of mmwnental costs, thus adding value to internal
decision making processes. Consequently the proldeaddressed by the following research

guestion:

Will a framework for measurement and reporting mfieonmental costs assist companies in
expanding their current environmental disclosuresirt-detail reporting of environmental

information?



The central argument of this study is thereforef@kws: in order to create a sustainable
environment, mining sectors need to ensure thay tmine economically, effectively and

efficiently — not only considering production cqgstsit also the reserves being mined — thus
ensuring effective and efficient extraction of reeiherals. But this can only be done if all cost

aspects are taken into account, including envirertade€ost information.

And so, the goal of this study is to investigatetirods of accounting and reporting of
environmental costs at platinum mines in orderrisuee a sustainable future from which not only
organisations will benefit, but individuals withithe organisation as well. This will allow a

frameworkto be set for the measurement and reporting ofremwviental costs.
Hence, this study will extend the literature byntiiying gaps in current measurement and
reporting of environmental costs, which will allofer further research aimed at developing

accounting systems to accommodate the need foitedktnvironmental accounting applications,

thereby adding value to the concept of the trigitedm line.

1.2 Background

1.2.1 Relevance of the study

Mining is considered a major source of income fooremies such as South Africa — it ensures
employment and encourages transactions betweenliesugmd buyer, thereby stimulating
economic growth (Chamber of Mines: South Africal 20 In South Africa mines are still owned
by the private sector, which ensures growth opmpititas and competitive advantages
internationally. To preserve this economic sourcpawer, mines in South Africa need to extend
their current life spans in order to sustain padfility for a longer period of time. Improved

mining practices will contribute to sustainable imim

Environmental costs include a variety of costs sagldisposal costs, investment cost and external
costs, and can even include environmental profitwvifonmental cost savings). These costs are
usually not linked to products or processes, batalocated within the overhead account. This
suggests a lack in full recording of environmemiasdts, causing improvements in efficiency and

possible opportunities to prevent costs from beweylooked (Jasch, 2003).

The White Paper on Environmental Management Péticsouth Africa (SA, 1998:32), published
in the Government Gazette on 15 May 1998, has setthe following goals in relation to

environmental costs:



* To ensure that markets reflect the costs of enmenmtal resources and to correct markets
where they falil to reflect environmental impacts.

* To develop and maintain a national environmentabanting system to reflect the economic
cost of the depletion of environmental resources.

» To investigate systems of cost-benefit analysis r@sldassessment for assessing economic,
social and environmental costs with a view to inmerdecision making on environmental and

development issues.

In order for the government to reach their goalslustry needs to support the same values and
should strive to realise the same goals. Platinuou® Metals (PGM) mining in South Africa
possesses over 80 percent of the world’s Platinuou@Metals reserves. Mining in total accounts
for 20 percent of South Africa’s Gross Domesticdict of which the biggest contributors are
gold and platinum mining (Projects 1Q, 2011). Cdesing these facts, platinum and gold mines
especially need to adhere to these goals as waltdar for the government to ensure the full

accomplishment of the goals set out above.

King Il (Institute of Directors, 2009), the GlobReporting Initiative (GRI, 2013), International
Federation of Accountants (IFAC, 2005), InternaglorOrganisation for Standardisation,
Environmental management — [1SO14000 (ISO, 2009) #&mdrnational Organisation for
Standardisation, Social responsibility — ISO260&0, 2010) all encourage companies to adhere

to the guidelines set out in their publications.

The Global Reporting Initiative (GRI) guidelinegamnly recommendations which a company can
use to report on environmental issues, but theseiroprove the quality of reports published

(Ambe, 2007:54), thereby addressing the growingl mdéeshareholder information requirements.

Various stock exchanges around the world requisé @orporate Social Responsibility reports be
included in their financial statements that arelighled each term, and with the Kyoto Protocol as
discussed during COP 17 (United Nations ClimatengbhaConference, 2011) in Durban,
companies will have to adhere to stricter applaatof environmental policies. Thousands of
companies are compiling their own Corporate So&aports using the Global Reporting
Initiative’s framework (Corporate Register, 201Powever, these reports do take on various
forms. The reason for this is two-fold: one beihg fact that various and differing industries and
sectors have different impacts on the environmadtsociety and therefore need to address these
different issues in their reports; and the secagidgothe lack of available standards with which to

measure these reports seeing that the GRI is oglyideline (Hindley, 2012). A study done by



Hindley and Buys (2012) concluded that the majooitythe South African mining industry only
reports on positive non-financial performances, teason for this being the lack of a clear

indication of what is considered to be acceptabésons for non-disclosures.

1.2.2 Literature review

Shareholders are increasingly demanding reliableir@mmental disclosures as part of the
company’s annual reports. For these disclosurés teliable they need to be obligatory, regulated
either by legislation or accounting standards. Tikrequire of current regulators to change their
standing on environmental reporting (De Villiersv&n Staden, 2011) and set certain standards to

meet compliance — especially the accounting staisdar

According to De Villiers and Barnard (2000) minirgpmpanies tended to disclose more
environmental information in comparison to othedustries recorded in the Financial Mail Top
100 industrial companies during 1994 — 1999. Itttemefore be concluded that mining companies
and their shareholders value the information regbron sustainability issues (Raar, 2002;
Hubbard, 2009).

The International Federation of Accountants (IFACan organisation that develops high quality
standards and guidance to ensure high quality atiogu practices around the world. They
promote and enforce internationally recognised daeas through supporting independent
standard-setting boards which include: Internatiohaditing and Assurance Standards Board,
International Accounting Education Standards Bodamtkrnational Ethics Standards Board for
Accountants, and the International Public Sectocoditing Standards Board. As the need for
reporting on environmental issues increased, IFAQpiled an international guidance document,
Environmental Management Accounting (IFAC, 2005hisTdocument is not a standard with
defined requirements, but rather fills the gap euwtly left between regulatory requirements,

standards and pure information that relates torenmental issues.

The IFAC document on Environmental Management Antiog, promotes the reporting of
physical and monetary values in regards to envieamial aspects. Currently, mostly data relating
to rehabilitation costs are reported (as provisionder International Accounting Standards (IAS)
37 regulation). Further investigation will determiwhere and whether other environmental costs
are recorded and reported on in cost terms. Theirdmiental Management Accounting
workbook (Japan MOE, 2002) identifies several mashaith which the value of environmental

costs can be calculated, where each method mediioefer to a different scope in the business



process. This allows for the supposition that ntbean one method of measurement can be applied

throughout the whole business process.

IFAC (2005) set out the following cost categoriesdnvironmental management accounting:
« Materials costs of product outputs

0 Includes the purchase cost of natural resourceb sscwater and other
materials that are converted into products, by-pct&land packaging.

¢ Materials costs of non-product outputs

0 Includes the purchase (and sometimes processisty obenergy, water and
other materials that become non-product outputst@vand emissions).

* Waste and emission control costs

0 Includes costs for handling, treatment and disposaiaste and emissions.

0 Remediation and compensation costs related to@mental damage.

0 Control related regulatory compliance costs.

* Prevention and other environmental management costs

o0 Includes the costs of preventative environmentatagament activities such
as cleaner production projects.

0 Also includes costs for other environmental manag@nactivities such as
environmental planning and systems, environmentabasurement,
environmental communication and other relevantdies.

¢ Research and development costs

0 Includes costs for research and development peojetidted to environmental
issues.

e Less tangible costs

0 Includes both internal and external costs relatddds tangible issues.
Examples include liability, future regulations, guztivity, company image,

stakeholder relations and externalities.

Several studies have indicated that the costs steandisposal make up one to ten percent of the
total environmental costs and the purchase casteoivasted materials comprises 40 to 70 percent
of the total environmental costs (depending onbiliness sector) (Jasch, 2009:12). In mining the
ore to waste ratio is very small (Mudd, 2010) wheshphasises the importance of keeping waste
cost to a minimal possible in the mining sectoan®ing, which involves both the environmental
department as well as the management accountingrtdegnt, is of utmost importance in

minimising the waste as far as possible at the wmsttefficient way.



The Global Reporting Initiative (GRI) promotes thee of sustainable reporting in assisting
companies globally to become more sustainable anttibute to sustainable development. They
have created Sustainability Reporting GuidelineRI(&013) that is internationally used by
companies from various sectors. These Guidelingstasompanies to be more transparent in their
reporting to shareholders and allow them to takewaatability for their actions. The Sustainability
Reporting Guidelines include economic, environmierdad social aspects. Companies can use
these guidelines as part of their strategic plagaimd especially when considering sensitive issues

such as social and environmental aspects.

The Sustainability Reporting Guidelines (GRI, 20h8ye created several performance indicators,
of which G4 is the latest version, published in N281 3, which companies can implement in order
to assist in compiling their sustainability repofffie environmental dimension of sustainability
(which is important for this study) includes a camp’'s impact on living and non-living natural
systems, including land, air, water and ecosyst@imis. category includes inputs (material, energy
and water) and outputs (emissions, effluents arsteyalt also includes biodiversity, transport and
product and service-related impacts, as well ag@mwental compliance and expenditures. These
guidelines, however, only assist companies in témpon actual usages in environmental aspects,

but do not guide companies on how to report onetlaspects imonetaryterms.

According to the United Nations Division of Sustite Development (UN DSD, 2001) the total
corporate environmental costs is made up of thér@mwental protection costs, the costs of
wasted material, and the cost of wasted capital labdur. Waste is therefore defined as
production inefficiency (purchase value of non-mateoutput). If these inefficiencies can be
minimised, production levels can increase but wibwer costs per unit which increases
profitability. Environmental costs applicable toetiplatinum mining sector would include the
following:

*  Water
Drinking water at underground and above ground atjmrs
Sewerage on sites

Drilling

o O O o

Processing plant
0 Refining plant

»  Emissions of sulphur dioxide (S0
0 Processing plant
0 Refining plant

» Direct and indirect greenhouse gas emissions @miuCQ and CQ equivalents)



0 Processing plant
0 Refining plant
o Transportation

» Roadways

» Railways
* Oxygen
0 Mining
= Underground ventilation
* Energy
0 Mining

= Winch controls
= Drilling
= Underground lights
= Air pumps
= Water pumps
= Shaft cage control
= Waste conveyance
= Administration and service department electricideds
0 Process plant
0 Refining plant
* Rehabilitation costs
o Shaft closures
*  Waste rock and tailings
0 Management of waste rock and tailings (transpaitdumping)

0 Treatment of tailing dams
These environmental cost elements were identifsdigucurrent Corporate Social Reports (2007 —
2012) (Corporate Register, 2012) as guidelines.inguthe case study phase of this research

further environmental costs may be identified araduded.

1.2.3 Conceptual scope and context of the study

The main research question in this study is:



Will a framework for measurement and reporting mfieonmental costs assist companies in
expanding their current environmental disclosuresirt-detail reporting of environmental

information?

To answer this question this study uses the conakframework as indicated in Figure 1, pg.9,
which will guide and direct the study toward ansmgrthe main research question and toward
setting up a framework for the measurement andrtiegoof environmental costs, thereby

improving the quality of environmental reporting.

The main research question comprises specifiedsgohich can be articulated and sub-dived in
the following questions:
1. Why do environmental costs need to be measured?
2. Which environmental costs need to be measured?
3. Which methods should be used to measure the emvéotal costs identified?
4. How are these environmental costs accounted fothénfinancial statements of the
company i.e. where these costs should be reported?

5. How can the current measurement and reporting\df@rmmental costs be improved?

The conceptual scope (Figure 1, pg.10) indicated i order to improve strategic decision
making, the need to measure environmental costd¢ bmisinderstood. As soon as the need is
established it is important to define what the Bnvinental costs are, and which of these are
applicable within the organisation’s sector or isttyt. These costs should then be measured by
application of various methods that are availabtke-organisation needs to decide which method
would be the most appropriate measure in consideraf their current costing procedures. Only
after these three aspects have been concludedegptirting of environmental costs would be
possible. Environmental costs can now be integratam internal reporting which management

can use to improve daily decision making.

This conceptual scope will assist in establishifigaenework for the measurement and reporting of

environmental costs (Figure 1, pg.10).



PP ) IMPROVING STRATEGIC

..\../,\lh'i}'“do environmental costs DECISION MAKING

Accounting éi"ﬁgc
Which environmental costs Reporting of "

¥ need to be measured? AR i 1
| |
g ﬁ

need to be measured? - ‘ . . .
v oinents How is thereported informatio

COsH

usedby manageme and why

Which methods should be . .
do they require environment
used to measure the

environmental costs cost information

identified?

Figure 1 Conceptual scop (own research)

1.30bjectives

The goal of this sty is to investigate methods of accounting and nteppof environmental cos
at platinum mineso as to ensure a sustainable fu from which not only organisations w
benefit, but alsandividuals within the organisation. This will alloa framewok to be set up for
the measurement and reporting of environmentaki The goal will assist in answering main
research question.

In order to reach this goal certain objectives nedok addresse

1. The first objective of this study is to identthe current measement methods and reporti
on environmental costs in the platinum mining sectbrSouth Africa This will answer
guestions one to four &entified in the conceptual scope of this st{iéigure 1).

o0 This objectivewill be achieved by identifying which envirorantal costs need to |
measured and wt which methods of measurement should be used and wheye

costs should be report
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2. The second objective of this study is to identifye tpossibilities of improving these
measurement methods in order to assist in moreratecreporting of environmental costs.

This will answer question five of the conceptuale of this study (Figure 1, pg.10).

This study will identify:
a. the gaps in current environmental cost measurearghteporting,
b. how this gap can be filled to improve current reipgr, and
c. the outlines of a framework for the measurement @pbrting of environmental

costs at a platinum mine.

1.4 Method

This research follows a case study approach, widokiers both explanatory (what is
environmental costs and which methods can be usadef@sure these costs) aexploratory
(which measurement methods and reporting stan@aedsurrently in use) methods to enable the
establishment of a framework for measurement ambrteg of environmental costs (Yin,
2009:9).

In acquiring a deeper understanding of how enviremia management accounting is applied in
practice and how this application can be improweduther research, a case study was chosen as
the most appropriate research method (Yin, 200943ingle case studiyn the mining sector will

be done as this particular case contains a critésdlfrom an existing theory and is representative
of the chosen sector. The reason that the miniopiseras chosen for this study is motivated by
the research done by Antonites and De Villiers @0@hich indicates that the environmental
impact of mining is greater than any other seckamr this reason mining industries need to
disclose more environmental information and ceréaicounting policies force the mining sector to
adhere to these disclosures (Antonites & De VBI&003). Platinum mining was chosen to serve
the purpose of this study as the case study iYyessiessible, information were readily available

and full co-operation was given by the case stuthcppal.

By following a case study approach, this researdhhe able to assist mining companies in
setting up a framework for the practical impleméota of measurement and reporting of
environmental cost. The environmental costs thatagplicable to one platinum mine is most
likely to be applicable to another, hence the agdiam that one case study will be enough to

cover all aspects required in this research (Ya@47).
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A case study protocol as used in Yin (2009:79) tdifollowed in order to maintain integrity of
data collected and analysed. This model is a daetishaking model which will include

individuals, social groups and an organisationaas gf the case study (Yin, 2009:37-38).

Current research indicates that no uniform framé&wekists that can be applied in the
measurement and reporting of environmental costpa@ MOE, 2002; Hecht, 1999). Several
methods which can assist in the measurement of@maental costs have been identified, but
very few are practically viable in real-life sceilogt Not enough research has been done to set a

standard for companies in order to quantify tharenmental data at hand.

As mentioned, the goal of this study is to invesiggmethods of accounting and reporting of
environmental costs at platinum mines so as torensisustainable future. This will allow for a
frameworkto be set for the measurement and reporting ofrenwiental costs. The data collection
methods will include the following:
» Documentation (financial reports, management adiginreports and environmental
reports)
» Archival records (previous financial statementslishied)
» Direct observation
The data will be analysed by using the followinght@ques:
0 General strategy
= Reliance on theoretical propositions
= Explanation building

= Organisational-level logic modelling

What makes this study unique and distinguishaldenfprevious studies is the fact that it takes
into account how specific environmental costs aeasared in practice anghetherthey are
measured at all. It will investigate where thesste¢if measured) are currently reported on in the

financial statements of a company.

This study will emphasise for mining companies arahagers the impact of environmental costs
and the importance of effective management, allmth can improve profits. The management
accounting function within the mines will be exteddto include environmental management

accounting.

12



This study will also create possibilities for fuethresearch on improving current accounting
systems used for mines so that they may accommaateonmental management accounting

needs in respect of the accounting and reportireneironmental costs.

1.50verview of the study

This study consists of five chapters. The layowsigollows:

Chapter 1: Introduction: The introduction and the background of the studydiscussed, which
includes previous studies done on environmentalag@ment accounting, the problem statement,

objectives, and research method

Chapter 2: Research MethodologyThis chapter focuses on how the case study widxeeuted,

which data will be collected and how the data Wél analyzed in order to ensure triangulation of
data. The research follows a World 2 point of vaeit extends the literature on scientific methods
and techniques, thereby setting a framework fomie@surement and reporting of environmental

costs.

Chapter 3. Literature review: This chapter will focus on Environmental Managetmen
Accounting and discuss why and what environmentatscneed to be measured, the methods
applied to measure environmental costs and hove thests are treated in the reporting of financial

performance within the mining sector.

Chapter 4: Case study:This chapter will discuss the findings of the cagaly and indicate any
gaps, if any, in the current measurement and r@gof environmental cost information, as

identified during the case study.
Chapter 5: Findings, conclusion and recommendationThis chapter summarizes the findings

from the literature study and the case study; arttv conclusions and the core is setting up a

framework for the measurement and reporting ofremwental costs at a platinum mine.
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Case study Findings,

conclusions and

Literature recommendations

review

Research
Methodolgy

Introduction

Chapter 2
Research Methodology

2.1 Introduction

This chapter will focus on the research methodolegpired to assist in answering the question of
whether a framework for measurement and reportingneironmental costs will assist mining
companies in expanding their current environmerdeclosures to in-detail reporting of

environmental information.

Research types are discussed in section 2.2 ardbes®d research in specific is discussed in
section 2.3 A case study was chosen as an appepesearch method, as a deeper understanding
is required on how environmental management acowums applied in practice, and how this
application can be improved by further researcm(2009:4). Asingle case studlyas been done

in the mining sector as the case involves critimdting from an existing theory and is
representative of the sector chosen. Platinum minias chosen to serve the purposes of this study
as the case study site is easily accessible, irfibom readily available, and full co-operation was

granted by the case study principal.

The research design for case studies will be distlm section 2.4 to facilitate understanding of
how a case study should be conducted. A case pratiycol was followed so as to ensure that the

integrity of the data remains uncorrupted. Theowsiaspects of the protocol will be discussed in

14



section 2.5, which includes an overview of the caely project, case study questions, data
collection methods and methods used for data asallfgally, the limitations of the research

methods will be explained in 2.6.

World 3: Meta-science
(Critical interest)

Philosophy of science Research ethics
Research methodology Sociology and history of
science

World 2: Science ‘ '

(Epistemic interest)
Scientific knowledge Scientific research

Scientific disciplines

World 1: Everyday life ‘ '

(Pragmatic interest)

Social and physical reality Lay knowledge

Multiple worlds

Figure 2 The basic framework of the Three Worlds Resarch Paradigms (Mouton, 2011:139)

Research problems can be distinguished within tboe¢exts (Figure 2) namely World 1, World 2
and World 3 view points (Mouton, 2011:138). Worldeters to ‘every day’ knowledge (known as
lay knowledge) and how this knowledge can be agpliesolve problems, gain insight and reach
consensus in our everyday tasks. World 2 focushienwbrld of science and scientific research on
the selected phenomenon in World 1 and are inastigsystematically and rigorously. World 3
is the context of meta-science where reflectiomlase on the nature of science and scientific

research.
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A World 2 view was applied in this study as it icdlly reviews the current scientific knowledge
in order to solve the problems identified in therature by setting up a framework, applying it

back into the World 1 view.

2.2Research types

Research can take on various forms and thereforensure that the correct methods of research
are applied in answering specific questions inra®e it is important that the following types of

research be considered:

1. Pure research
Pure research is done to add value to existingrigee@and hypotheses which may have
practical implications on the current or future dirftame (Kumar, 2005). This type of
research will contribute to the base of knowledd@liams, 1998:4).

2. Applied research
Applied research is conducted to solve specificblems, formulate policies or
procedures, or to understand phenomena in the dietttience (Kumar, 2005). This type

of research is applied in order to solve a spepifablem (Durrheim, 2006:45).

This research addresses current issues in the mezext and reporting of environmental costs

experienced in platinum mining companies, andesefore considered as applied research.

Upon identifying the type of research, the objextivof the undertaking research should be

considered (Kumar, 2005). Objectives of researchbeaclassified as follows:

1. Correlational researctattempts to prove the existence of interdependbateeen two or
more items.

2. Exploratory researctattempts to gain knowledge on a topic of whichdabeent literature
is unfamiliar, or to explore the possibility of fwe studies within a certain field not yet
studied (Williams, 1998).

3. Descriptive researchttempts to clarify a certain phenomenon throinghinvestigation of
mostly quantitative and statistical data (also mef& to as an explanatory studies)
(Blumberg, 2008:11).

4. Explanatory researchattempts to use qualitative findings to help clarifuantitative

results (lvankova, Creswell & Clark, 2011).
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This study analyses the data collected on currezdgsorement and reporting of environmental
costs and compares the data to underlying theoriesnvironmental management accounting. It
can therefore be considered as an explanatorystadg. As this case study will also explore the
possibilities of expanding the current literatune fiegards to environmental management
accounting, in specific, reporting of environmentalsts, it can also be considered to be an
exploratory study as well.

Structured or unstructured approaches can be fetlom answering research questions (Kumar,
2005). A structured approach refers to quantitategearch which means that systematic and
objective processes are followed, using numeri@h drom a selected sample to generalise
findings (Maree & Pietersen, 2011). Unstructuregrapches are used in qualitative studies, where
qualitative studies can be defined as research aiflexible approach relating to the research

process, in order to determine the nature of alprolwithout any quantification of data (Kumar,
2005).

The research design for this study is based onr&igupg.18, and Figure 4, pg.19.
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Quadrant 1 Primary data Quadrant 2

Ethnographic desizns,
participatory research,
surveys, field experiments,
comparaﬁue studies;
evaluation research

Discourse analysis,
conversational analysis,
life history methodology

Empirical MWon-empirical

Secondary data analysis,
‘modelling snd simulation
studies, historical studies,
‘content analysis and textual

Quadrant 4 Existing data Quadrant 3

Figure 3 Mapping designs (Level 1) (Mouton, 2011:134
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CQuadrant 1 Primary data Quadrant 2

Laberatory

) SUrveys,
gxperiments

comparative stiedies

Ethnographic studies,
participatony sction
research

Field

EXpEFIMEnTS

_an

High Cantral ow Contral
hodelling and
simulation studiss
Historical, narrative,
textual studies
Quadrant 4 Existing Data Quadrant 3

Mumerical data =

Textual data=

Hybrid mixed data =

Figure 4 Mapping designs (Level 2) (Mouton, 2011:145

Figure 3 illustrates the various research desitjas are available, and when and where each
design is to be used. Empirical studies are basembserved and measured occurrences and draw
knowledge from actual experiences rather than fiteeory or belief. Non-empirical studies on the
other hand include philosophical analyses, conetpanalyses, theory building and literature
reviews (Mouton, 2011). The data used for analysia study can vary from new data (primary
data) to existing data (secondary data). Thisysindudes empirical analyses, as the case study
will observe a current phenomenon where the firgling the case study will be compared to
current literature in order to construct a new fearark. Data analysed comprises existing data
from the case study principal which will be usedteate new data. The study is thus conducted

within the fourth quadrant.
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Figure 4 is only applicable to empirical studiesl anvolves the dimensions of primary and/or
secondary data and the degree of control. Thisystogkes use of both primary and secondary

data with moderate control which is numerical aadual in nature.
In using Figure 3 and Figure 4 it has been detexthithat this study would be classified as
evaluation research and would follow a structurpgreach seeing that data is collected and

analysed in order to create a framework that caaplpéed in practice.

2.3Case based research

Schramm (1971) observes that the essence of ssttabeis “that it tries to illuminate a decision
or a set of decisions: why they were taken, how tliere implemented, and with what result”.
Gerring (2007:20) defines a case study as “thengive study of a single case, where the purpose
of that study is — at least in part — to shed lighta larger class of cases (a population)”. In
consideration of these two definitions, Yin (20@®:1ook the definition of a case study one step
further by giving it a twofold technical definitiothat includes reference to the scope of a case
study and the case study enquiry itself. The sodplee case study as an empirical enquiry should
“investigate a contemporary phenomenon in depth waitdin its real-life context when the
boundaries between phenomenon and context arelearycevident” Yin (2009:18). The case
study enquiry itself “copes with the technical dlistive situation in which there will be many
more variables of interest than data points anahasresult relies on multiple sources of evidence,
with data needing to converge in a triangulatinghfan and as another result benefits from the
prior development of theoretical propositions toidgu data collection and analysis” (Yin
(2009:18). This definition has made it possibldéake case study research seriously in a World 2

research view point.

It becomes clear that theoretical ideas on enviemtal accounting should be studied in light of
how it is interpreted in the real world. This po#ies questions: does the theory assist companies in
measuring and reporting on environmental costsicserfitly? If not, how can the theory be
improved? By applying a case based research methisdstudy will be able to answer these

guestions.

2.4Research design

Research design is the logical flow of events fhmd¢s the empirical data to a study’s initial

research questions and ultimately to its conclisi@yiin, 2009:26). A case study has five
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components which need to be considered when camgpiéi research design. These five
components are listed and linked to the case stu@y.1 to 2.4.5. The remainder of the section

discusses theory development, quality of reseagsigd and case study design categories.

2.4.1 The study’s questions

A case study is a good research method to usenfwexing the “how” and “why” questions.

These questions must have substance in order tuadde to current literature. Before the study’s
guestion can be asked, a thorough literature remesds to be conducted in order to narrow down
the topic to key issues. By thinking about the ®esds of current studies, potential unasked

guestions can be the points of departure for neeareh (Yin, 2009:27).

The main research question is (Chapter 1, pg.2):
Will a framework for measurement and reporting m¥ieonmental costs assist companies in
expanding their current environmental disclosuresirt-detail reporting of environmental

information?

2.4.2 The study propositions

These are all the aspects within the study whichdne be examined. This is an important
component of a case study design as it will agsi#ading the researcher to the collection and
analyses of the correct data. If a study does ae¢ Ipropositions, the researcher will only want to
explore the current field of study and the propos#& will be replaced by a purpose (Yin,

2009:28).

This study has five propositions (Chapter 1, pg.9):
Why do environmental costs need to be measured?
Which environmental costs need to be measured?

Which methods should be used to measure the emamal costs identified?

p w DN PRF

How are these environmental costs accounted fothen financial statements of the
company?

5. How can the current measurement and reporting girenmental costs be improved?

2.4.3 The unit of analysis

Identifying the unit of analysis bears great impade as it directs the study’s focus. The unit of

analysis can only be identified as soon as a pyimmasearch question has been accurately
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determined. The unit of analysis can be revisitedughout the study as new information becomes

available during data collection (Yin, 2009:29).
This study will make use of the following unitsuadlysis (Chapter 1, pg.10-11):
1 Measurement methods of environmental costs

2 Reporting of environmental costs

2.4.4 The logic in linking data to the propositions

Various methods exist which can assist in linkihg tollected data to the propositions of the
study, which include pattern matching, explanatooilding, time series analyses, logic models

and cross-case syntheses (Yin, 2009:33).

Methods that will be used in this study will inau@hapter 1, pg.12):
» Explanation building
* Firm or organisational-level logic model

* Relying on theoretical propositions (rival explaioas).

2.4.5 Criteria for interpretation of the findings

When designing the case study possible rival eqpians should be considered in order to include

these questions into the data collection phase, @009:34).
The rival explanation identified for this case stust
Mining companies will not benefit from additionaleasurement and reporting of

environmental costs.

2.4.6 Theory development

The five steps discussed in 2.4.1 — 2.4.5 (pg.22)-will direct the researcher toward constructing
a preliminary theory related to the field of studyis component of the case study research is
important as it directs data collection and analy¥iin, 2009:37). Types of theories that can be
included in a case study based research method are:

* Implementation theory

* Individual theories

* Group theories
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» Organisational theories

e Social theories.

This research includes implementation theory ad a®lorganisational theory, as the current
implementation of environmental costing methodexamined within an organisation. Specific

procedures are put in place in an organisation,thade needs to accommodate environmental
costing — if they do not, procedures should be sidpi before environmental management

accounting can be implemented.

2.4.7 Quality of research design

When conducting a case study research, it is obsitimportance to have quality checks in place
for every stage of the case study. This will lenedility to the outcomes and recommendations

of the study. The quality of the research desmmlze tested by using Table 1:

PHASE OF
RESEARCH IN
WHICH TACTIC

OCCURS

TESTS CASE STUDY TACTIC

Construct validity | Use multiple sources of evidence Data collection

Establish chain of events Data collection

Have key informants review draft of case study
report

Composition

Internal validity Do pattern matching Data analysis

Do explanation building Data analysis

Address rival explanations Data analysis

Use logic models Data analysis

External validity

Use theory in single-case studies

Research design

Use replication in multiple-case studies

Research design

Reliability

Use case study protocol

Data collection

Develop case study database

Data collection

Table 1 Case study tactics for four design tests (i¥j 2009:41)

2.4.8 Case study design categories

Case study designs can be divided into four caiegjor

1 Single case design — holistic (single unit of asisly

Single case design — embedded (multiple units allyars)

2
3 Multiple case design — holistic (single unit of bs#s)
4

Multiple case design — embedded (multiple unitarwilysis)
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This research will follow a single case design wath embedded view, as the case study is a
representative case with two units of analysis Wwhgthe measurement of environmental costs

and the reporting of environmental costs.
The research design of a case study is importaithas a direct impact on the quality of the data
collected and analysed (Yin, 2009), and great eacktime should be spent on this stage of the

study.

2.5Case study protocol

2.5.1 Overview of the case study project

i Background information

The case study principal currently reports on emrmental issues, but environmental cost
information is lacking. Calculating this informatiavill add value to reporting on these issues to
external stakeholders as well as to internal costrol. This will improve profit margins thereby

benefiting internal stakeholders by ensuring ariito the mining sector.

ii  Project objectives and auspices

This project identifies:
* the current measurement methods and reporting wfoemental costs in the platinum
mining sector of South Africa, and

» the possibilities of improving these measuremerthows in order to assist in more accurate

reporting of environmental costs.

iii Case study issues

This study identifies the following issues:

» The case study’s environment needs to be defined.

* The costs applicable to that environment need tdémified.

* The measurement methods of those environmenta nesd to be investigated.

» The reporting of the environmental costs need®todnfirmed.
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iv  Field procedures

Access to the case study site was granted telepdlpnand via email. Meetings were scheduled
with the environmental department and the managemesounting department. The researcher
has experience in working on a mine site as a jwhaft accountant and capital accountant and is

therefore well-familiar with the environment of thase study.

v General sources of information

Information required in order to answer the casdystjuestion was collected via:
» annual financial reports,

e sustainability reports,

» detailed accounting entries of overhead accounts,

» ore/waste handling and flow,

» process flow chart for platinum mining,

» extraction flow chart for platinum mining, and

* environmental reports.

2.5.2 Case study questions

i Specific questions

The propositions for this case study are statddlksvs:
Why do environmental costs need to be measured?
Which environmental costs need to be measured?

Which methods should be used to measure the igshéhvironmental costs?

Ea R

How are these environmental costs accounted fothén financial statements of the
company?

5. How can the current measurement and reporting\df@rmmental costs be improved?

ii Potential sources for answering each question

The case study environment has been defined by uslavant readings and observations of the
environment. The costs applicable to the definedrenment have been identified through the
investigation of archival records of environmentaports included in Corporate Social

Responsibility reports, data from the environmerdapartment as well as the management

25



accounting department. The measurement methode adéntified environmental costs have been
investigated through relevant readings and thesaticalculation methods used by the case study
principal. The reporting of the environmental costéé be verified through the confirmation of
current reporting of environmental costs by theecasudy principal (Financial statements,
Corporate Social Responsibility reports, detailedoainting entries of all overhead accounts) and
through international mining companies’ Corporateci&l Responsibility reports and financial

statements (for comparison purposes).

2.5.3 Data collection methods

Data was collected via physical collection of datahe case study site, e-mails from the case
study principal, accessing reports from www.corpenegister.com, as well as The McGregor
BFA database where financial and integrated repéots various platinum mines were

downloaded. This is necessary for a cross-casgsasa@n the reporting of environmental costs at

a platinum mine which will assist in the gap anilys

2.5.4 Data analysis methods

As this case study is of an explanatory nature, da&@ will be analysed usingxplanation
building. This involves identifying casual links betweerality and theory relating to the
measuring and reporting of environmental costssé&Hiaks or lack thereof will assist in directing

future research and will allow for a deeper underding of the topic (Yin, 2009:141).

The process is as follows (Yin, 2009:143):
1. Making an initial theoretical statement about howimnmental costs should be
measured.
Comparing the initial findings of the case studgiagt such a statement.
Revising the statement.

Comparing other details of the case against thisiosv

A firm or organisational-level logic model will bésed to understand the allocation of expense

items to certain cost elements.

2.6 Limitations of the research method

Case based research has received a lot of criticisierms of not being a desirable method for

research in the field of science (Kennedy, 1976)sTs due to the fact that the case study requires
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intensive en extensive planning and validity chexkas to ensure that the outcome of the research
can be viewed as a true reflection of a desiredamne. The responsibility lies in the researcher in
proving that these checks have been done corractythat the data which was collected has been
treated objectively and fairly (Yin, 2009:14). Casadies are also frequently faulted in terms of
not being able to articulate into generalised gifienapplication. It should, however, be
remembered that case studies test theoretical pitapts and not the representations of a sample.
A good counter argument would be that of Lipsepwrand Coleman (1956), who state that a

single case study is not done to “particularizeit, father to “generalize”.

Case studies are also criticised for being too toresuming and that the result of all this research
only leads to an enormous amount of unreadable @hta bias is only based on case studies done
in the past and can be rectified if the researtdiers extreme care in the setup of an appropriate
database for data collected and writes the casly gtusuch a way as to avoid lengthy, narrative
discussions (Yin 2009:15).

Most criticism of case studies can be dismissewyever, it remains clear that case studies are
difficult to compile and great care should thugddeen when conducting case study research (Yin,
2009:16).

2.7Summary

This chapter discussed the research design andodwtiyy required for achieving the two

objectives of the study (pg.10-11).

As discussed, this study is a World 2 type studyr\an empirical approach to research where
secondary, numerical and textual data with mediontrol will be used. This study will include
applied, explanatory and exploratory researchight lof the fact that these dimensions indicate an
evaluation research design (Mouton, 2011:161) & been decided that a case based research

design be followed.

The case study was designed with the use of astadg protocol so as to ensure internal and
external validity of the study. The case study @rot identified possible issues that can be
encountered during the case study pertaining taléfi@ition of the case study’s environment; the
costs applicable to the environment defined nedzktaentifiable, various measurement methods
of the identified environmental costs need to westigated, and the reporting of these costs needs

to be confirmed.
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Access to the relevant information was grantedhgydase study principal and a confidentiality
agreement signed between the researcher and thestady principal. Data was collected via
email, internet, and a site visit which was analyssing three methods, explanation building, the
building of an organisational-level logic model amvhl explanations, in order to understand the

allocation of expense items to certain cost element

The limitation of this research method lies therihiat the validity of the research can be easily
violated if thorough planning and checks have rearbin place from the start of the research. This
limitation can be overcome through validity chetkat are put in place, the objective, and fair
treatment of data by the researchiérshould be remembered that a case study is adest

theoretical propositions and not a representatib@ sample.

Chapter 3 will discuss the underlying literatureemvironmental accounting which will be used to
answer questions one to four in regards of thediogective, i.e.:

1. Why do environmental costs need to be measured?

2. Which environmental costs need to be measured?

3. Which methods should be used to measure the emv@woial costs identified?

4. How are these environmental costs accounted fohenfinancial statements of

the company, i.e. where these costs should betesfior
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3.1Introduction

The aim this chapter is to reach the first objext¥ this study, which lies in answering the first
four research questions. The questions of whichremmental costs need to be measured and
why, which methods of measurement to be used aretemtese costs should be reported, are
answered through a critical review of the literatuand previous underlying research in

environmental management accounting.

The importance of measuring environmental cosés (hanagement accounting) in the modern
company profile will be discussed in section 3.heTorigin of Environmental management
accounting, including its definition, will be disszed in section 3.3 along with environmental costs
(cost categories) to be measured. Section 3.4.[linmblve a discussion on the measurement
methods available for measuring environmental caistscomprises material flow cost accounting,
activity based costing, life cycle costing and ambiation of methods that includes resource
accounting. These categories and methods are defitimcussed and critically reviewed in order
to derive which environmental costs are applicablthe platinum mining sector, as well as which
method will be the most appropriate method to ndbe extraction industry. Section 3.4.2 focuses

on the reporting of environmental costs in theritial statements.

29



3.2The importance of environmental management accourmnig

In order to answer question one it is importantdte that environmental issues are an increasing
concern for internal and external stakeholdershanrhining industry (Frick, 2002; IFAC, 2005;
Jenkins & Yakovleva, 2005; Alewine & Stone, 201Bnvironmental management accounting
adds value to the internal management processanstiecific focus on the environment. External
reporting of environmental management accountirfigrination is becoming more prevalent as
shareholders and other stakeholders of compantesaisingly require these types of information
(IFAC, 2005:23). It is important, in particular forining companies, to adopt strategies in order to
provide evidence of good mining practices espsacidllring these times where mining has had

such negative impacts on landscapes and commuartesd the world (Petterson, 2008).

The main focus areas of environmental managemesduating can be categorised as follows
(refer to Figure 5, pg.31):

» Compliance

» Eco-efficiency

» Strategic position

Several environmental guidelines and policies ewigh which companies are encouraged to
comply with. This compliance is not compulsory oamdatory, but is considered necessary in
achieving good corporate governance (Institute @fddors, 2009; Jasch & Savage, 2008).
Through compliance and good corporate governancemgany can be more eco-efficient as the
effects of environmental impacts are made knowmanagement. Hence, inefficiencies within the
company can be identified and addressed (IFAC, 2d09asch & Savage, 2008). In reducing in-
efficiency a company can improve its long-termtsiyec position by continuously evaluating and
assessing their compliance and eco-efficiency stgndhis will require that a company addresses

environmental issues at a higher level within.

By making use of data envelope analysis (DEA) stualy, Buys, Oberholzer and Prinsloo (2011)
have proven that platinum mines in South Africa o achieving economies of scale in relation
to reporting on environmental impacts pertainingtiie Global Reporting Initiative guidelines.

This study emphasises the importance for miningpaoies, especially platinum mines, to focus
on increasing their economies of scale through avgul environmental management by applying

environmental management accounting principles.

30



. I Strategic
Compliance Eco-Efficiency oy
P Position
EMA supports environmental EMA supporis the simultaneous EMA supports the evaluation
protection via cost-efficient reduction of ccsts and and implemeantation of cost-
compliance with environmental environmantal impacts via more effactive and snvironmentally
regulaticn and self-imocsed efficient use of ensrgy, water and sensitive programs for ensuring
environmental policies. materia's in internal operations and an organization’s long-term
final products. stratsgic position.
Examples... Examples... Examples...
Planning and More accurately Working with suppllers
implameanting tracking the flow of fo design producis &
pollution control snergy, water, services for “green’
investments materials and wastes markats
Investigating and Planning and Estimating the Internal
purchasing cost- implementing energy, costs of likely future
effective substitutes for water and materials regulations
toxic materials efficiency projects
Reporting Assessing the total Repoerting to
environmental waste annual return on stakeholders such as
and emissions to investmant in eco- customers, invesiors
regulatory authorities efficiency activities and local communities

Figure 5 Uses and Benefits of environmental managemt accounting (IFAC, 2005:24)

Platinum group metals are being used in a widegafg@nvironment-related technologies such as
catalysts for chemical process facilities, catalytbnverters for exhaust control in transport,
electronic components, hydrogen fuel cells, a waré speciality medical uses, etc. The demand
for these metals can only be expected to increasduture as rising pressures to meet
environmental challenges are placed on companiéss{& & Mudd, 2010).The extraction of

natural resources from the earth’s core has cuyramtigated several debates on how mineral
extraction can be sustainable. In considering timyenvironmental impacts, the mining industry
can ensure environmental protection against natesalurce exploitation and rehabilitate land to

allow further use for following generations (JerskaYakovleva, 2005).

Mining companies can achieve this by considerimy thnvironmental costs and including them in
their internal decision making processes. Exterepbrting on these costs will direct investment
and shareholder attention to the impact that tloests have on their returns, thereby forcing
mining companies to manage environmental issuesuch a way as to ensure sustainable

development. If platinum mining does not comply hwiustainable mining principles, South
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Africa’s economy will be negatively affected in @de sense. Environmental issues need to be
first priority in planning and control of mining oganies in order to sustain development in this

sector.

Increasing regulation with regards to environmentahagement is pressuring mining companies
to include environmental information in their anhtugports (Institute of Directors, 2009; IFAC,

2005; 1S0O, 2009; ISO, 2010; GRI, 2013) Figure Gdates the existing interrelationship between
environmental management accounting, Corporateabasiie Development, GRI, and the various

standards related to social health and safetyertkizonment and sustainability.

ISO 14000
range
(Environment)

Global reporting Initiative (GRI)

AA 1000(Social
standard$

(Sustainability)

\_ Cleaner
- N production
OHSAS 1800(Health _ (Environment)
Environmental management
and safety) accounting . Y,
N Y, :
(Environment)
Life-cycle
SA 8000 assessment
(Labour standards in (Environment)
supply chain)
-
. / i
: < Corporate Sustainable Modelling
Responsible care / Development (Environment)
(Health, safety,
environment)

ICMM
Principles
(Sustainability)

Figure 6 Sustainability inter-relationships (Mohr-Swart, Coetzee & Blignaut, 2008)

Corporate sustainable development has various atdsénd guidelines which direct and enforce
compliance pertaining to social and environmergpkats. Adhering to these standards will ensure
that a company develops a sustainable environrilemtever, in order to adhere to these standards
and guidelines a company should have certain measund tools in place. These measures and
tools are defined in environmental management adowy To assists companies in achieving
sustainable development, the Global Reporting dtiitte has published reporting guidelines

including the measurement of environmental aspguengst others.
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Previous studies indicate that it does pay to leemin the long term (Bragdon & Marlin, 1972;
Porter & Van der Linde, 1995; Bhat, 1999; GriffinMahon, 1997; Pava & Krausz, 1996; Salama,
2003; Schaltegger & Figge, 1997; Schaltegger & $gtwedt, 2002), although a lot of criticism
tends to indicate the opposite (Telle, 2006:195;nNm & MacDonald, 2004). If annual reports of
mining companies can indicate the financial impadétenvironmental costs and cost savings due
to increased environmental management, companieklwide would increasingly pay more

attention to the current impacts of their produtiom the environment.

Roger Baxter, Head of Economics and Strategy ofSteth African Chamber of Mines, cannot
overemphasise the importance of mining for the ISAfrican economy. Statistics reveal that
mining contributes 19 percent to South Africa’s G[H® percent to its exports, provides job
opportunities to 1 300 000 people, and makes up fp&rcent of the total corporate tax inflow.
These statistics alone prove that South Africa sdedook after its mining reserves in order to
maintain a healthy growth factor in the future (MgiK2013, Miningrfy 2013).

South Africa provides 70 percent of the globaliplain demand, and 21 percent of South Africa’s
mineral revenues comes from this sector alone (fEsiteen, 2013). Platinum mining companies
need to consider all aspects of cost control ireotd remain part of the global mining supply

chain as costs of mining are increasing and platimarket prices are decreasing.

According to Chris Griffith, CEO of Anglo Platinunmput costs are increasing at a higher rate
than inflation due tcstructural changesn the platinum industry (Miningin 2013). To remain
profitable, South Africa’s platinum mining sectoeeads to consider an extensive view on its
current mining practices and how this can be ‘cdéelhnp’ to ensure sustainable growth in the
sector (Nahman, Wise & de Lange, 2009).

The answer to question one is that traditional aeting practices do not support decision making
functions sufficiently in the environmental depaetmh due to inadequate information.
Environmental management accounting fills this ggpallowing management to access more
information on environmental costs and quantiesyiously hidden by conventional accounting

systems.

Environmental liabilities in the mining environmedute increasing and industries in this specific
sector are becoming more aware of these. It isentlyr difficult for most companies to link
environmental liabilities to financial effects, theajor reason for this being a lack in clear
understanding on how to measure these liabilitiesteow to incorporate them into their financial
reporting (De Beer & Friend, 2006).
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Using a qualitative matrix evaluation or a streaedi life cycle analysis, including life cycle
costing and total cost analysis will assist in @dding the uncertainties mentioned above (De Beer
& Friend, 2006).

3.3The origin of environmental management accounting

This section will attempt to answer question twootlgh defining environmental costs and the
origin of environmental management accounting. Emmental management accounting can be
defined as the identification, collection, analyarsl use of physical information (use, flows and
destinies of energy, water and materials) and naoypahformation (environment-related costs,
earnings and savings) for internal decision makldiyDSD, 2001; IFAC, 2005:19) (See Figure
7). This is important to note as this section wattempt to add to the answer of question one and

answer question two.

internal
= Monetary * Physical
environmental envircnmental
management management
accounting accounting
(MEMA) (PEMA)

Environmental management accounting (EMA)

——— monetary units physical units —g—§
%
. :
= External monetary = External physical %
environmental accoun- environmental accoun- %
ting and reporting ting and reporting 5
(EMEA) (EPEA) ;
= Monetary environmen- | = Physical environmental %
tal regulatory accoun- regulatory accounting §
ting and reporting and reporting §
2
.
external i
:
=
z

|
e ENVIFONMental accounting oo

e

Figure 7 Environmental Accounting systems (Burritt,Hahn & Schaltegger, 2002)

Internal informationis information that is used by management forrivdk decision making.
These reports are not published and are not aleilmb the public due to the confidential

information that they may hold regarding the bussnprocesses of a company. These reports need

34



to include all aspects of the company in order nguee that management makes informed
decisions on a daily basiExternal informationis information that is published and available to
the public. These reports usually need to ansveeqtkestions of stakeholders pertaining to various
topics such as economical performance as well @is #ocial and environmental performance
amongst others. Physical information regarding remvnental accounting refers to the flow of

energy, water, materials and wastes.

Management accountingssists in answering the needs of managementreg@rds to internal
information primarily, and should include monetanyd as well as non-monetary information to
support internal decision making (Jasch & Savag@08p Consequently,environmental
management accountinmcludes internal costs that have direct and imdiienpacts on the
environment (Schaltegger & Wagner, 2005phancial accountingaddresses the needs of external
stakeholders through the reporting of standardiseohcial information (Jasch & Savage, 2008),
while environmental accountingincludes environmental costs in these externalortep
Environmental accounting is dependant on envirotmatemanagement accounting for the

measurement and recording of environmental costs.

Physical environmental informatidkeeps record of all physical inputs and outputs thkte to
material and energy flows (UNDSD, 2001; IFAC, 2Q0%¢eping record of physical information
is of utmost importance as it can be used to déternmefficiencies within the company’s
business processddonetary environmental informatian the other hand consists of all the costs
and earnings relating to the environment (UNDSD120FAC, 2005).

Environmental management accounting embodies anjesetwo of the three pillars of
sustainable development, namely economics andifisoement, and describes how they affect a
company’s internal decision making processes (lderzViere, Burritt & Schaltegger,
2006).Sustainability accounting was developed gsasompanies in collecting, analysing and
communicating corporate sustainability informatidinis information is an important component
in assisting management’s efforts to address catposustainability challenges (Schaltegger,
Bennett & Burritt, 2006). The challenges it attesnfii address relate to the three dimensions of
sustainability and their interrelationship, namebpological-environmental, social and economic.

The interrelationship in the sustainability triamgg clearly illustrated in Figure 8, pg.36

Effectiveness in the sustainability triangle refevsthe goal of management when attempting to
improve a single dimension of the triangle. Effeetiess can be measured in absolute values
(Schalteggeet al, 2006) whereas efficiency on the other hand dessrthe relationship between

these dimensions and is measured by using raticdsaliggeret al, 2006). This research will
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focus on the ecological angle and how eco-effigienan be improved within sustainability

accounting.

Economic
Effectiveness

- H =~

s ~
N

( Economic )

Eco-efficiency Socio-efficiency
Integration

- =0 - ~~o

(/ Ecologlcal K ; Social ‘.
Eco - Eco-justice ST
Effectiveness Effectiveness

Figure 8 Sustainability triangle (Schalteggelet al, 2006)

The ecological challenge involves increasing edokigeffectiveness of activities, or otherwise
stated how the impact of business activities onetimdronment are reduced (Schalteggeral.,
2006). These attempts to measure the impacts emrlironment, lead to the introduction of

physical environmental management accounting (Eigupg.34).

Physical environmental management accounting (gped=7, pg.34) tracks the physical flow of
inputs and outputs during the production processcoAnting departments need to work very
narrowly with other departments (environmental degpants, production departments and other
operational departments) so as to accurately deterthe physical input and output units that are
required to apply physical environmental accountprgctices (IFAC, 2005:30). Flow cost
accounting is used to assist in the detailed adowyf the physical flow of material through
every stage of the business process. Once thashdat been collected, it can be used to assist in
the generation of environmental performance indisatIn turn, environmental performance
indicators assist companies in assessing and megothe material related aspects of its

environmental performance (IFAC, 2005:32).
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Operating Material
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Non-product
outputs

Air Emissions
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Figure 9 Environmental management accounting: Input Output types adapted from IFAC, 2005:33

Figure 9 refers to the input-output types applieablenvironmental management accounting. The
inputs and outputs indicated in Figure 9 complyhvitie ISO 14031 environmental performance
indicators for operational systems. These categaran be adjusted to suit the mining sector

(IFAC, 2005:33) and will assist in answering quastiwo.

According to IFAC (2005), input and output categerare:

i Material inputs
* Raw and auxiliary materiainputs are inputs that form part of the productpati Raw

materials are major product components whereadiayxmaterial refers to the minor
product components.

» Packaging materiatefers to the inputs for use in the despatchinp@fproduct outputs.

» Operating materialefers to the inputs that become part of the nahgct outputs

* Waterincludes all the water used from all sources {vaier, groundwater, surface water
from rivers and lakes).

» Energyrefers to all energy sources including gas, cdattecity, fuel oil, district heating

and cooling, biomass, solar, wind and water.

ii  Product outputs

* Products (including packaging materia@fer to physical products that will be delivered

to customers.
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» By-productsrefer to the minor products that were producedmduthe production of the

main product resulting in additional revenue flaawshe company.

iii Non-product outputs

» Solid wasteis the non-hazardous waste in solid form (wasteepaplastic, food waste,
scrap products, etc.)

* Hazardous wastencludes any form of flammable, infectious, toxicaarcinogenic waste
material.

» Waste waterefers to contaminated water as a result of thdymrtion process.

» Air emissionscan be defined as the contamination of the airasteeand includes the
following: nitrogen oxides, sulphur dioxide, carbamonoxide, particulate matter

consumed and volatile organic compounds, metaicpiéates, radiation, noise and heat.

Research and

a Development costs \....—----'"""""

Prevention and other

Environmental

—/\ ~management costs
s

N

: Business - Product
Material Inputs \\

/ Process Outputs

Material costs of Product

.

outputs
Waste and

Material costs of non- emission control

product outputs costs

Non-product
outputs

¢

Figure 10 Cost categories for environmental manageemt accounting (own research)

Eco-efficiency (Figure 8, pg. 36) is the link betmemonetary and physical environmental
management accounting (IFAC, 2005:41). Monetaryirenmental management accounting

attributes a monetary value to the physical ungssared in physical environmental management
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accounting. These values can assist companies iasuriag their economic performance

(profitability) in relation to their environmentg@lerformance. Various cost categories should be

considered when monetary environmental managensentating is applied (Figure 10, pg.38).

Cost categories that should be included in enviemtal management accounting and answers

guestion two, are (Jasch, 2001:23):

* Waste and emission treatment which should inclbdddllowing elements:

(0]

o O O O o

(0]

Depreciation for related equipment

Maintenance and operating materials and services
Related personnel

Fees, taxes, charges

Fines and penalties

Insurance for environmental liabilities

Provisions for clean-up costs, remediation.

» Prevention and environmental management, whiclided:

(0]

(0]

(0]

(0]

(0]

external services for environmental managementites,
personnel for general environmental managementiées,
research and development,

extra expenditure for cleaner technologies, and

other environmental management costs.

* Material purchase value of non-product output efer

(0]

O O O o

(0]

raw materials,
packaging,
auxiliary materials,
operating materials,
energy, and

water.

 Environmental revenues, which entails:

(0]

(0]

subsidies
awards received for the successful implementatfgor@ventative and corrective

procedures in regards to environmental impacts.

IFAC (2005:55) incorporated the following costseggdries into their definition of environmental

costs:

Materials costs of product outputs:

o0 Raw and auxiliary materials
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o Packaging materials
o Water.

* Research and development costs.
Some of these cost categories are difficult toyppkhe mining sector, as this sector involves the
extraction and refining of minerals and not necelysthe production of goods. The case study

will assist in compiling cost categories specifigdbr the platinum mining sector

3.4Methods of applying environmental management accoudimg in theory

This section will focus on answering questions tfur of the first objective of this study which
aims to identify the current measurement methodk raporting of environmental costs in the
platinum mining sector of South Africa. The litans on the calculation of environmental cost
information lacks &lear framework that can be applied by mining compatoegssist them in the
calculation of the total environmental costs whtbby incur. To address this issue the Global
Reporting Initiative (GRI, 2013) has compiled a Mimand Metals sector supplement which will
assist mining companies in compiling their Corpei@ocial Responsibility reports with a lot more
ease as it provides Mining and Metals sector-sjgectfimmentary. However, it should once again
be emphasised that it only assists in what physiciés$ of environmental issues should be reported

on.

The Mining and Metals sector supplement (GRI, 2048% compiled to assist mining and metal
companies with reporting issues specific to theicter. These additional guidelines assist
companies within this sector to identify importaagpects to include in their CSR reporting
through sector specific management approachesyrsgetcific indicators, additional data points
to the G4 indicators as well as additional guidaiocde G4 indicators (GRI, 2013).

For the purpose of this study only the additiomalienmental indicators will be discussed. These
additional indicators include the following (GRQ23):
» Biodiversity
0 Mining companies own or hold licences over largeaar of land.
Extraction sites, infrastructure and other minirggivéties may disturb
proportions of this land holding. The impact of sthilisturbance to
habitats and biodiversities should be assessed atorgately against the

land disturbed as well as the amount of land refito beneficial use.
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0 Mining operations needs to manage these disruptionsabitats and
biodiversity. They should report on the number gedcentage of total
sites identified as requiring biodiversity managatngans according to
stated criteria and the number and percentageoséthites with plans in
place.

» Effluents and waste

o The mining sector deals with large quantities oftamial due to its
extractive nature. Total amounts of overburdenk rtailings and sludges
and their associated risks should be reported deroto indicate the
company’s ability to manage risks and mitigate apgtential

consequences.

Currently, most CSR reports only report on the pafsnformation in their external reports; very
few companies can provide monetary information axirenmental issues (Jasch, 2009:2). To
expand on the current benefits in the physicalrinfdion published, companies need to compare
these units to monetary values in order to redhseimpact of environmental control on their
organisation (internal) as well as the impact oarsholder value (external) (Burrigt al, 2002;
Prinsloo, 2010:112). Environmental management auduy considers environmental and
economic interrelationships by indicating the oigation’s impact on the environment and the
effects of the environment on the organisation (Byr2005). To be able to report on this
interrelationship, a comprehensive framework foriemmental accounting has been constructed
to represent key aspects in the link between enmemtal management accounting and
environmental risk management. Each element inrtagix (Table 2, pg.42) represents the tools

that environmental management accounting lendsattagement.
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Environmental Management Accounting

Monetary Environmental

Physical Environmental

Management Accounting Management Accounting
Short term focus| Long term focus  Short term fogus ond-term focus
Risk | Return| Risk | Return Risk| Retuln Risk Retd
Routinely | 1. Environmental | 2. Environmentally| 9. Material and 10. Environmental
generated | cost accounting induced capital energy flow (or natural) capital
3 information | (e.g. variable expenditure and accounting (short | impact accounting
= costing, absorption| revenues term impacts on the
IS costing, activity environment such
2 based costing) as product, site,
©) division and
g company levels)
@ Ad hoc 3. Ex post 4. Environmental | 11. Ex post 12. Life cycle
5 information | assessment of life cycle (and assessment of shoftinventories
= relevant target) costing term environmenta
© environmental impacts (e.g. ofa | Post investment
o costing decisions site or product) assessment of
physical
environmental
invest appraisal
Routinely | 5. Monetary 6. Environmental | 13. Physical 14. Long term
generated | environmental long term financial | environmental physical
information | operational planning budgeting (flows | environmental
budgeting (flows) and stocks) (e.g. | planning
o) material and energy
% Monetary flow activity based
o environmental budgeting)
2 capital budgeting
o (stocks)
® | Ad hoc 7. Relevant 8. Monetary 15. Relevant 16. Physical
g information | environmental environmental environmental environmental
(I costing (e.g. project investment | impacts (e.g. given| investment
special orders, appraisal short run appraisal
product mix with constraints on
capacity Environmental life | activities) Life cycle analysis
constraints) cycle budgeting of specific project
and target pricing

Table 2 Environmental management accounting compreheive framework (Burritt, 2005)

The following calculation methods for environmentalanagement accounting have been

identified by previous research and will form tlesé for this research.

3.4.1 Calculation methods of environmental costs

This section will answer question three, i.e. hawimwnmental costs should be measured within a

company. Environmental costs can be categorisedl twb categories: costs applicable to

environmental protection and costs applicable ttena and energy flows, all of which can be

reduced by spending on environmental protectiotscésom this viewpoint environmental costs

can be defined as all costs directly and indireotiiated to material and energy use and their
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results on the environment (Schaltegger & Wagn@®52 In Table 3a and Table 3b (pg.44) an

overview of current environmental costing methodsiadicated:

Costs of environmental protection

Costs of materiaand energy flows

(*Fleischman &
Paudke, 1977;
*Stolzle, 1990;
*Haasis, 1992;
*Wicke, 1992,
CICA, 1997)

risks
(*Neumann-
Szyszka, 1994;
Harding, 1998)

Environmental
life cycle costing

&Blasius, 1995;
*BMU & UBA,
1996)

Environmental
life cycle costing
for material and

Environmental | for expected energy

life cycle costing | future risks and | flows(Swarr et.
(Klopffer & additional costs | al., 2011)
Ciroth, 2011; (Klopffer &

Durucan, Ciroth, 2011;

Korre& Munoz- | Durucan, et. al.,

Melendez, 2006 | 2006)

Past/Present Future costs Past/Present costs Future costs
costs
Stand alone Emission Environmental
calculations reduction budgeting
cost(*VvDl, 1979; | (*Wagner and
*UstatG, 1974) | Janzen, 1991)
Full cost Full costs of Consideration of| Costs of Environmental
accounting environmental | the costs of remaining life cycle costing
reduction environmental | material (*Fischer| for expected

material and

energy flows

(Swarr et. al.,
2011)

Direct costing

Environmentally
orientated direct
costing (*Roth,
1992; *Kloock,
1990, 1993,
1995)

Multi-stage
direct costing
(*Schreiner,
1988)

Costing of future
environmental
costs (*Freese &
Kloock, 1989;
*Roth, 1992;
*Kloock, 1993,
1995)

* These documents are only available in German, theource mentioned these references and they were

included here for completeness and to indicate théme frame of research on the methods used to

measure environmental cost.

Table 3a Overview of current environmental costing rathods updated by the researcher (Schaltegger &
Wagner, 2005)
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Costs of environmental protection

Costs of materiaand energy flows

Environmentally
orientated
process costing
(*Herbst, 2001;
*Seidel &
Herbst, 2001;
*Letmathe,
1998)

cost accounting
or Flow cost
accounting)
(Fichter et al.
1997; *Kunert,
1995; *Spengler
et al. 1998;
*Fischer &
Blasius, 1995,
Jasch, 2009)

Material and
energy flow-
orientated activity
based costing
(Schaltegger et al
1996;
Schaltegger&
Muller, 1998;
Mohr-Swart,
Coetzee &
Blignaut, 2008)

Past/Present Future costs Past/Present costs Future costs
costs

Process costing| Activity based Activity based Material and Material and
costing (Ditz et | budgeting energy flow- energy flow-
al. 1995; Heller | (Borjesson, orientated costing| orientated activity
& Shields, 1995)| 1997) (Material flow based budgeting

(Schaltegger &
Burritt, 2000)

Target costing

Environmentally
orientated target
costing (*Seidel
& Herbst, 2001;
*Herbst, 2001)

* These documents are only available in German, theource mentioned these references and they were

included here for completeness and to indicate théme frame of research on the methods used to

measure environmental cost.

Table 3b Overview of current environmental costing rethods updated by the researcher (Schaltegger &
Wagner, 2005)

However, environmental costs can be viewed diffdyedepending on a company’s view of what
the term environment entails. A definition of wretvironmental costs are and what should be
considered as environmental costs should be exdmswe as to ensure that all possible
environmental costs are considered. Burritt (200B)ssifies environmental costs using five

different costing facets. Each of these facets wd#éntify environmental costs depending on the

facet applied:
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1. Conventional cost accounting — using job and pmcesting as well as direct and indirect
costing methods.

2. Measurability — some environmental impacts cannetneasured due to a lack of
standardised units of measurement for certain altesources.

3. Quality — refers to prevention costs, appraisatts;ositernal failure costs and external
failure costs applicable to a product.

4. Life cycle and activity — life cycle analysis thatludes research and development costs,
design costs, production etcetera. Activity assistdentifying activity cost drivers.

5. Target audience — this address the needs of vastaksholders (internal and external).

Various different measurement methods can be appliepending on how a company classifies

environmental costs.

Measuring environmental costs became a focus poirgsearch during the early 1970’s. Stand
alone calculations were done in an attempt to obrgnvironmental impacts. However, this

method was re-active in nature and did not take iatcount integrated technologies or
environmental protection costs (Schaltegger & WagB805). It became apparent that a more
structured approach to costing environmental ingpaseded to be developed. At that stage
current management accounting methods were takerstep further, to include an environmental

aspect.

The four management accounting methods are thus:
i. Life cycle costing
ii.  Activity based costing
iii. Material flow cost accounting

iv.  Combination of methods, including resource accowgnti

i Life Cycle Costing

Full cost accounting, also referred to as life eyabsting and total cost assessment (White, Savage
& Shapiro, 1996; Norris, 2001; Shapiro, 2001; Hlaké& Rebitzer, 2001; Hunkeler, Lichtenvort

& Rebitzer, 2007) is a method for estimating anduatulating costs for a product over its entire
life cycle. This is done to ensure that the prafitade during the manufacturing phase of the life
cycle will cover expenses occurred during the pmad post manufacturing phases (Drury,
2012:543). Considering the fact that mining is aohanufacturing industry, the definition needs to

be a taken step further: life cycle costing needbe considered alongside life cycle assessment,

45



where life cycle analysis involves the assessmérithe overall impact of products, production

systems as well as human activity on the environrf@mran, 2013).

Life cycle analysis is currently done in the miningustry to assist mining companies in assessing
their environmental and economic performance (Damy&orre & Munoz-Melendez, 2006). Due
to the nature and quality of the data requiredoimmete a life cycle analysis, data is not publicly
available as it is considered to be confidenti&rnmation of companies. This tends to result in
over simplified reports for mining processes. ldasrto address this shortcoming, a mining life
cycle model (LICYMIN) has been developed using @&t Enterprise Edition. This model relies
on site specific data and provides traceable a$ agelrealistic allocations of environmental

impacts (Durucaset al,2006).

Environmental life cycle costing is fully compatbWith life cycle analysis (Klopffer & Ciroth,

2011) thereby allowing environmental impacts inltfeecycle of mining to be valued in monetary
terms. A study done by Caddy (2011) on the poteitmefits of life cycle analysis for the
platinum mining industry has indicated that a plath life cycle analysis should include a
financial component for each of the various proessespectively, allowing platinum mining

companies to derive true benefits from such anyaisal

Da Silva and Amaral (2009) state that most enviremi@ concerns can be linked to economic
aspects — financial benefits are achieved in reduciaterial and energy consumption. To measure
this financial benefit, the total environmental ttad mining should be recognised. When
conducting environmental life cycle costing, minit@mpanies should comply with the Society of
Environmental Toxicology and Chemistry’s (SETACYeoof practice. This document includes a
framework which assists in system boundary idematifon (Swarr, Hunkeler, Klopffer, Pesonen,
Ciroth, Brent & Pagan, 2011).

Platinum has numerous uses, and therefore completifull life cycle costing analysis from
cradle-to-grave would be time consuming adding mativalue to the internal decision making of
mining companies. An alternative approach woulc loeadle-to-gate measurement, where the life
cycle ends when the final product leaves the prboiucsite. For this reason, a cradle-to-gate
approach is a preferred and the most suitable rdeitin@n considering life cycle analysis and life
cycle costing data for platinum mining. This wiliclude all production, processing and waste
handling activities (Durucaet al, 2006).

Costs that should be included in a cradle-to-gppraach includes all costs up to the point where

platinum or other platinum group metals are sotd the market (Figure 11, pg.47)
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Figure 11 Boundary for life-cycle costing (cradle-d-gate): platinum mining (own research)

When consolidating life cycle analysis and life leycosting data the following need to be

considered (Swaet. al,2011):

* Consistent system boundary definition and appbcain both life cycle analysis and life
cycle costing.

» Possibilities of double counting of physical andn@tary values in life cycle costing should

be avoided by internalising the costs to indicatly oeal monetary flows.
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Epstein (1996) defines full environmental cost actimg as the inclusion of “current costs for
past sins”, “current costs for current sins” angl ‘thuture costs for current sins” in the producstco
calculation. The biggest problem that companies faith regards to environmental management
is deciding which costs to include in their prodaasts. The three elements in Epstein’s definition
need to be considered individually as companies \tlee treatment of these costs differently
(Epstein, 1996).

Current costs for past sins are the costs involmedeaning up and rehabilitating areas that are
affected and disturbed by pollution. Companies dbowant to include these as part of product
costs as these costs can be substantial and ingltickm as part of product costs can affect the
profitability of products which is why they considéhem as indirect costs instead. Another
problem faced by companies when including thesesagsder product costs is that managers find
it difficult to control costs when performance agpals are being done, and they feel that they
cannot be penalised for someone else’s mistaken fiecades ago. Management accounting
makes provision for the treatment of these cosfelkmsvs:

1. charging pollution clean-up costs or rehabilitatamsts directly against the shareholders

equity,
2. including these costs as part of the product amstgidering full life cycle costing), or
3. capitalising these costs as an asset (the expemdgitovides future value in terms of

product development or goodwiill).

Current cost for current sins refers to currentiremvnental impacts of a product or service.
Including these costs as part of product costedgeatable for companies, but adequate allocation
of these costs are lacking as they are not recasdeshvironmental costs within the accounting

systems.

Future costs for current sins make provision fer éffects that current production or services will
have on the environment in the future. Mining comea in particular have to make provisions for
these costs in their financial statements as pahtear liabilities (IAS 37) so as to ensure thagrte

will be adequate funds are available to rehabdithe area after the life of mine has been reached.

In light of the issues mentioned above, Epsteir®§)das concluded that most companies do not
carefully identify, track or understand the caustsnvironmental costs. To address these issues
companies have started applying life cycle analysdetter their understanding of the impact that
every stage of the production process has on thieoement. In turn this will allow companies to
better recognise and control environmental costshén future in the application of life cycle

costing.
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Full cost reporting systems include all the futuwe actual costs and benefits including
environmental and social externalities (Bebbingt@ray, Hibbit & Kirk, 2001). These

externalities are measured by using methods whie Hbeen developed by environmental
economists to estimate their non-market valuesbstar (2005) conducted an experiment which
involved taking these measures of externalities iantlding them in a full cost environmental
reporting system. The experiment failed as a resiuthe lack of a clear understanding of the
reduction of intrinsic environmental values to fic&l terms. The reason for this is that the
environmental economic valuation method’s role mitthe accounting and reporting framework

is not clear enough.

The case study principal is using SAP accountirfyvsoe which makes provision for energy and
environmental resource management. However, thigeher only includes energy consumption
and emission data. The case study will providerin&dion on how the case study principal is
conducting life cycle analysis and how this canlibked to life cycle costing and a company’s

accounting system.

ii  Activity based costing

Activity based costing is a cost accumulation systhat makes use of activities and cost drivers
to assign costs to products or services (Drury2Z83; Banker, Bardhan & Chen, 2008), thereby
assisting companies in identifying production coassociated with each activity within the
production process. This method was developed amtamative to traditional costing methods
which no longer accurately addressed the growirgglier companies to allocate overhead costs
to products and services. The application of asgtibased costing in companies improved their
decision making processes by granting a betterrstateling on how resources are used within the
company (Raz & Elnathan, 1999). Refer to Figurdd®50) for the process of cost allocation in

activity based costing.

Implementing activity based costing requires slalial knowledge as well as capital (Raiborn &
Kinney, 2009). However, mining companies do hawesas to the necessary skills, knowledge and
accounting systems which will allow for various @oeg structures. Therefore, implementing

activity based costing at platinum mines (if it nwiplemented yet) should be possible without

encountering too many obstacles.

Using activity based costing holds several benefifsen measuring environmental costs.

Managements gain better understanding of why casse, thus enabling them to implement
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appropriate management approaches such as attasgd management (Kaplan & Bruns, 1987;
Innes & Mitchell, 1997; Bankeret. al., 2008; Blocher Stout, Cokins & Chen, 2008).
Understanding cost behaviour and the reasons hbgtdccur assists management in identifying
areas within the company that needs improvemengivehn it is product design, pricing decisions
or market segments that need to be developed. dfarthie, this will assist management to
improve their strategic decision making in the long (Innes & Mitchell, 1997; Bankest. al.,
2008; Blocheret al 2008). Additionally, activity based costing al®veals where value is added
and where value is destroyed within a company (&09:114)

Resources ESONIILR Activities Activity Cost Objects

Dirivers Dirivers

Factory

< COnsumea Machine Setiip .{_'i.ﬂ'_\éU_“W_

Owerhead

Product/Service

Sl line, Gener ;
&.-rlllnu.t.q.m:r | gconsume Product Design gconsume

and Admin

trace

Selling General

2 3 Adr) fonsume Catalog Preparatien CONGLUIMme
and Admin

Selling, General
and Admin - frace

Figure 12 Activity based costing process flow (Priciples of Accounting)

Customer

The following key cost drivers in the mining indyshave a cumulative effect on input costs

(Mohr-Swartet al, 2008:

» Raw material costs (explosives, timber, clothing)

» Indirect taxes, unemployment insurance funds,skidvelopment funding

» Waste water discharge charge system

» Costs related to meeting the requirements of thairngiCharter and the application of social
plans

» Electricity and water cost increases
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» Impact of the stronger Rand
* Wage negotiation outcomes

» Potential costs for healthcare funding.

Jasch (2009:116) found that the following allocatieys are applicable to environment related
issues:

» Volume of emissions or waste treated

* Relative costs of treating different kinds of wastemissions

» Direct costs of material inputs, treatments or grty.

When considering sustainable development and emvieotal costs, the most important factors
will be water and energy (Mohr-Swaet al 2008). Several cost elements exist within watet a
energy consumption which should be considered wheasuring environmental costs. These
elements are:
a Water
= Normal costs
» Based on water prices as set by the DepartmentadéMAffairs and
Forestry (DWAF)
= Taxes, permits and indirect costs
* Water use authorisation costs
» Cost of application, time and effort, uncertainty
* Waste discharge charge system costs
o Charges that provides disincentives or deterreatshe
discharge of waste
o Charges to cover the gquantifiable costs of adnmatisely
implemented measures for mitigation of waste diggha
related impacts
0 Predetermined management costs.
» Possible future costs
* Trading of water use authorisation

» Water conservation and demand management costs.

b Energy
The Energy Efficiency Strategy of the Republic oufh Africa expects the usage of

electricity in the mining industry to reduce by fiércent by 2015. This is achievable

if mining companies can manage to pay attentidhéo environmental costs.
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An example of how overhead cost allocation can haweimpact on the production costs of

products can be seen in Table 4 and Table 5 (pg.53)

Material
Direct labour
hours
Overhead

Depreciation
Rent

Energy
Communication
Administration
Waste and
emission
treatment
Total
overhead
Total product
costs

Product B
Direct costs
Direct costs

Product A
Direct costs
Direct costs

Distribution by percentage
product turnover

Overhead Product A
70
30
50
10
5
10
25
10
110 55
155

Product B
70
30

55

155

Table 4 Environmental costs hidden in overhead accots (Jasch, 2009:114)
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Product A Product B Overhead Product A Product B
Material Direct costs Direct costs 70 70
Direct labour  Direct costs Direct costs 30 30
hours
Energy Attribution to cost centres 1 1 3
Waste and and products by actual 1 3 6
emission process flows and equipment
treatment involved
Depreciation 7 13 30
Overhead Distribution by percentage

product turnover
Rent 10
Communication 10
Administration 25
Total 54 27 27
overhead
Total product 144 166
costs

Table 5 Environmental costs attributed to cost centre and products (Jasch, 2009:115)

This data indicates that the total product costswguito 310 in both cases, but in Table 4 (pg.52)
when using a traditional method of including enmir@ntal costs in the company’s overhead
account the total product cost for product A anar& equal, whereas in Table 5 the environmental
costs are indicated separately and applied to ptofjtand B. By reporting and allocating these
environmental costs separately has altered theuptambsts of product A and B — product A was
over costed when the environmental costs were diedlun the overhead account and product B

under costed. This can have a direct impact onyatqarofitability.

In using the activity based costing method; envitental analysis can be done after each stage of
the mining process. In doing so, mining companees iclentify which stages of their processes
have the biggest impact on the environment as agetheir cost structure. This problem area can

then be managed to ensure more efficient and sabiai mining.

iii Material Flow Cost Accounting

Jasch (2009:116) defines material flow cost acangras “a tool for measuring the flows and
stocks of materials for a company, production pssoar product in both physical and monetary
units. It is based on an input-output analysis cftemial flows, but applies a different cost
allocation procedure”. According to Strobel (20@2yv cost accounting can be considered as the

quantification of factors within the material flasystem.
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Managing material flows will assist in increasinfjaiency of inputs, leading to cost reductions,
also having a positive impact on the environmenmitof&l, 2002). A considerable percentage of
production costs consist of material costs andrgelahare of these costs comes from material
losses within a production system (waste) (UN D2D0Q1; Gale, 2006; Strobel & Redmann,
2002). Naturally, waste does not create value withia company and where it was previously
only measured in physical terms material flow caastounting now measures waste in monetary
terms as well (Onishi, Kokubu & Nakajima, 2008).iSassists companies in identifying hidden
waste material costs in order to increase productificiencies and reduce the environmental
impacts of the company (Onisht al, 2008; USEPA, 2000). As material flow cost accont
links environmental impacts with cost implicatioitds likely to assist in improving in the quality
of internal decision making (Onisht al, 2008; USEPA, 2000).

However, material flow cost accounting only assistsalculating the costs of product and non-
product (waste) output, and does not calculatedts environmental costvaste and emission

treatments, prevention and environmental manageowsts) incurred by an organisation, whether
process or product (Jasch, 2009:116). The imptinds that other methods will need to be applied
in conjunction with material flow cost accounting order to measure the total costs of all

environmental impacts.

The cost categories in material flow cost accougnére classified as follows (Strobel & Redmann,
2002; Jasch, 2009:119):
* Material costs
o Physical quantities of materials involved in thedurction processes and inventories
are linked with material purchase prices
0 Costs are separated according to product and ramuptr output
* System costs
0 The production process uses inputs to produce tautpu
o0 All costs associated with the handling of mateda¢ included (personnel costs,
depreciation of machinery)
» Disposall/delivery costs
0 These costs are the costs associated with thédisiproduct and non-product output

leaving the organisation
When applying material flow cost accounting, sevea@mponents need to work together in

conjunction with one another: an information baasgounting elements and results (Figure 13,

pg.55). The information base includes a materiafimodel which maps the structure of the

54



material flow system, and a defined database sacBAP R/3. The data base should include
material flows, inventories and other relevant eysdata. The accounting elements are material
flow accounting and system cost accounting, wheaterial flow accounting assists in materials
flow quantity assessment, materials flow valuatima material flow costing. On the other hand,
system cost accounting is based on materials flm@unting and includes definitions, allocations
and apportionments of system costs. This informatieeds to be communicated to management
in order to enable them to make informed decisitims: is done through the reporting of results

calculated within the accounting elements (StrébBledmann, 2002).

RESULTS AND REPORT FORMS

Flow model Flow cost Flow cost

with data matrix report

RN

ACCOUNTING ELEMENTS

Material flow accounting System cost accounting

INFORMATION BASE

Material flow model Database (e.g. SAP R/3)

Figure 13 The components of material flow cost accating (Strobel & Redmann, 2002)

However, several shortcomings in this method shbalthken in consideration:
» This method makes provision for production compsinidere inputs are converted into
outputs during the production phase.
* Mining is not a production system. It extracts ondsch needs to go through a process of
smelting and refining until the Platinum Group Mstare purified and sold into the
market.

This method can be used if it is adjusted to $gtrhining sector’s extraction processes
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Waste from materials will lead to overspending areldy budgets and in the worst case scenario
not reaching their mining targets. Analysing thasans for increase in wasted materials can be
useful in environmental analysis as it will assigshe shafts in identifying problem areas which

may include either insufficient planning or unfages underground conditions.

iv Combination of methods

Several studies indicate that it in order to measenvironmental costs more accurately a
combination of methods should be applied (Kreuzéé&well, 1994; Orbach & Liedtke, 2002;
Busch & Liedtke, 2006; Jasch, 2009:114). This witit only assist in the application of
environmental management accounting, but will diswe additional benefits with regards to
environmental performance management. Using &cthased costing over and above the life
cycle of a product can improve productivity andaincy, leading to higher net margins (Kreuze
& Newell, 1994). Material flows are traced withincampany and allocated to back to the cost
centre that is responsible for the environmentapaicd. This will improve environmental
performance and ultimately profitability (Jasch,02(114). It all comes down to one fact:
resources needs to be managed efficiently in ai@@nprove productivity and profit margins —
using resource efficiency accounting in conjunctigith various costing data throughout the

company in order to improve the efficiency with elnresources are applied.

Resource efficiency accounting

Resource efficiency accounting collects and intfgprdata pertaining to the life-cycle wide
material and energy inputs and identifies corredpan costs within a company (Orbach &
Liedtke, 2002). This is done by making use of tompany’s existing cost accounting system. By
focussing on cost misallocation, potential cosuptidns are identified (Busch & Liedtke, 2006).
Resource efficiency may not allocate monetary \&atoeenvironmental impacts, but hidden costs

will be revealed.

Consequently, this method takes material and enénguts into consideration from an
environmental point of view, which are firstly sttured, then classified and assigned to single
production processes or final products (LiedtkehiRdKuhndt & Nickel, 1998).The problem is
that the assumption that fewer inputs lead to imgdocost and overall ecological impact is not
always valid (Busch & Liedtke, 2006). Financialtgyver inputs would lead to lower costs, but the
ecological impact might not have been reduced. AMpamy needs to take both aspects into

consideration when making strategic decisions.
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The main advantage of this method is that simplgaith assessments can be created, generating
comparable and manageable results which are dliestiby a resource efficiency portfolio (Figure
14).

Crucial - _ ) )
A Resource-efficient High ecologic / economic

strategies relevance

Less ecologic / economic
relevance

Cost-efficient strategies

Potential to reduce
environmental impact

Low

Minor " Major
Cost relevanci

Figure 14 Resource efficiency portfolio analysis (@sch et. al., 2004).

This portfolio simultaneously takes the life-cyeléde environmental data and its corresponding
costs data into account. Management decisions lvan be aligned with sustainable growth
development. The objective of this portfolio an&dys to provide a decision making base for
various production processes or products. The Y¥-agfers to the material-input orientated,
ecological data, and the X-axis refers to the maltand energy input cost data (Busch & Liedtke,
2006). For this process to be implemented sucdgsstfieriving information from an input and

output analysis in conjunction with material floacaunting is necessary.

The answer to question three is that either on¢he$e methods, or a combination of these
methods, can be used in order to measure envirdaimeosts. It will all depend on what the
current measurement method of the company is andthey can adjust their current accounting

methods to include environmental cost categories.

3.4.2 Reporting of environmental costs

This section focuses on answering question fouckvifidrms part of the first objective, i.e. how

are environmental costs accounted for in the firsrstatements of the company? Environmental
costs can be identified and measured as discusssstiion 2.4.1, but what should companies do
with these costs after measuring them? Examiniteyiiational Federation of Reporting Standards

(IFRS) from an environmental perspective indicatest the conceptual framework and a few
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standards provide grounds for measuring and mangtoenvironmental assets, liabilities and
expendituresThe following standards and interpretations eetatenvironmental and resource
accounting and was researched in a studiNéyash (2009), which looked at the relationship

between IFRS and environmental accounting in Téble

IFRS/IAS number Title and/ or Relevant Remarks

description paragraph(s).

Paragraph numbers in
parenthesis

Framework Framework for Accountability (14), Statement to the effect
preparation & relevance (26), that sustainability is
presentation of financial materiality (29 &30), within the bounds of
statements substance (35), the conceptual

neutrality (36), framework of IASB
prudence (37), and FASB

completeness (38),
liabilities & obligation
(60), capital
maintenance (81),
probability (85),
measurement reliability
(86), recognition of

liabilities (91)
IAS 41; Agriculture Sector’s sensitivity to
the environment. See
ISO classification and
Wiseman'’s disclosure
scores.

IFRS 6; Exploration & Paragraph (11): Refer to statistics aboyt
evaluation of mineral requirement for emissions; production
resources; provision and of pollutants; toxic

contingencies waste disposal
systems, ground water
pollution & land
degradation; depletion
industrial accidents;
environmental impact
studies.

IFRIC 3 (withdrawn) Emission rights and Several paragraphs dealKyoto Agreement,
allowances with whether Copenhagen Summit;

government allocated | Agreement versus
rights; and the treaty; efficiency of

accounting treatment af national and global
the start of emission, | allocation systems,
and the setting aside of| speculation and
provisions. transferability of
emission rights;
whether climate
change has o
boundaries; markets
for trading emission
and similar rights and
their derivatives;
sovereign rights; globd
shared databases
(REA).
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IAS 20

Government Grants

Initial acquisitions of
emission rights &
allowances recorded as
assets whose valuation
are subject to
impairment tests.

5 Government can

Government grants
could be influenced by
the politics of the day.

over/under supply the
rights certificates;
endemic corruptions in
the public sector might
frustrate the system.

IFRIC 5; IFRIC 21

Decommissioning,
restoration &
environmental
rehabilitation funds;
Changes in existing
decommissioning,
restoration and similar
liabilities

Purpose of fund (1),
voluntary & required
contribution to the fund
(2), geographically
dispersed sites (2),
independent trustees,
accounting for interest
in the fund (7),
obligations to make
additional contributions
(10), contingent liability
(10), reimbursement
rights (BC 12)

Disclosure of the size
of the fund; arms
length of the trustees;
plans for additional
contributions;
responsibility for past
degradations; adequad
of the fund.

<

IFRS 8

Operating segments

Core principle (1),
nature of an operating
segment (5),
aggregation criteria
(12), quantitative
thresholds (13),
disclosure (20),
profit/loss/ assets and
liabilities (23),
measurement (25),
geographical
information (33)

For a global company
whether its branches
and subsidiaries are
operating in
environmentally
sensitive sectors; and
whether the segment
meets the quantitative
threshold, or whether it
is required to prepare
consolidated financial
statements, and
whether its segments
meet international
standards.

IAS 27, IFRS 3, IAS
28 andiAS-31, Sic12
IFRS 10 and IFRS 11

Consolidation,
investments in mergers
and acquisitions,
interests in joint

ventures and associates;

Consolidated financial
statements; Joint
arrangements

Py

Several paragraphs
relate to ownership,
risk, reward, and

significant influence.

Group & consolidated
statements are prepargd
for listed legal entities.
Listed and unlisted
companies might be
sued for violating
environmental
standards in countries
where their segments
operate/operated in the
past. This in turn might
trigger an unbundling
wave.

IAS 37

Provisions, contingent
liabilities & contingent
assets

Several paragraphs tha
require charging curren
earnings for setting
aside normal provisions
and contingent
liabilities.

t Absence and

inadequacy of
provisions suggests
earnings inflation
which in turn affects
intrinsic (fundamental)
values of equities.
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IAS 8

Accounting policies,
changes in accounting
estimates and errors

Accounting policies
(10), retrospective
application (22),

&33), errors (41), prior
period errors (49),,

warranty obligations (33

The extent to which
past earnings require
restatement, and how
this is going to be
shown in past, present
and future financial

impracticability of statements
retrospective (retrospective &
adjustments (51, prospective
528&53) adjustments).

IAS 1 Presentation of financigl Material omissions (7); | Minimum set of

statements purpose of financial information that must

statements (9), fair be included in the
presentation (15), comprehensive
rectification of financial statements of
accounting policies environmentally
(18), going concern sensitive companies.
(25), provisions (54),
estimation uncertainty
(125)

IFRS 1 value (16), compound | Accounting policy (97),| Fair value of

financial instruments
(23), parents,
subsidiaries, joint
ventures & associates
(24), changes in
decommissioning,
restoration and similar
liabilities (25E), non
IFRS comparative
information (36),
reconciliations (39)
value (16), compound
financial instruments
(23), parents,
subsidiaries, joint
ventures & associates
(24), changes in
decommissioning,
restoration and similar
liabilities (25E), non
IFRS comparative
information (36),
reconciliations (39)

fair

environment related
assets, liabilities and
provisions.

IFRS 7, IAS 37 & IAS
39, IFRS 9, IAS 38

Financial instruments
disclosure, presentatior]
and recognition and
measurement,
intangibles &
impairment

Disclosure of past and
present environment
related risk(s);
qualitative and
guantitative descriptior]
of the effective and nom
effective hedging
strategy; fair value of
carbon derivatives and
other environment
related assets and
liabilities.

Table 6 Summary of Accounting standards that relatdo environmental issues (Negash, 2009:16-1@djusted — to

included latest information)
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Table 6 (pg.60) indicates that the Internationatdmting Standards Board (IASB) already
has a base on which environmental costs can betegpon at a corporate level. Negash
(2009) concluded her study by proposing a sepatatement on Environmental Assets and
Liabilities (Table 7).

Statement of Environmental Assets and Liabilities*
Asof December 31, 20XX

Financial information:- Comparative year
Environmental assets:-
Cash in trust funds
Investments in trust funds at falr value
Emission rights held
Cmission rights held for sale (at fair value)
Inzurance & similar products held against environmental risks
Contributions to voluntary & mandatory schemes
Inventory of natural & biclogical assets & dapletions
Investments in air & water quality
Capitalized research & development
Capitalized ne: site preparation & restoration costs
Environmental Liabilities and uncertain liabilities [provisions or contra asset accounts)
Present value of decommissioning, restoration & rehabilitation
Legal and constructive liabilities arising from past events
Deferred income from government allocations of emission rights
Uncertain liabilities (Provisions or contra asset accounts)
Provision for decommissioning, restoration & rehabilitation (current]
Provision for decommissioning, restoration & rehabilitation of (past)
Provision for contingent liabilities from past events
Net adjustments to retained earnings for past errors & material omissions
Nel surplus (deficit) for currenl year+
Cstimate of net environmental assets (liabilities)

* The statement can be accompanied by the disclosure of minimum non-financial information such as actual and ISO
permissible standards of emission, production and disposals of waste, depletion and replacement of natural
resources (forestry), major capital projects that lead to deterioration of air and water quality and habitat, and
urbanisation.

+ Net surplus (deficit) is achieved after consideration of recurrent income and expenditure such as interest and
dividend incomes from environment related investments, tax rebates and dues, recurrent expenditure on
environmental protection, current charges for normal provisions for decommissioning and rehabilitation, past errors
and omissions, current contribution to independent environmental rehabilitation funds and tax gains and losses
arising from hedge activities on environment related products, and more.

Table 7 Possible Environmental Assets and Liabilitiestatement proposed by Negash (2009)

The proposed statement for Environmental AssetsLéatullities was constructed with the use of
IFRS, however, it still does not allow for any dayday reporting of costs applicable to the
environment. These costs have a large impact amgany’s profit margins (Castro & Chousa,

2006; Dunk, 2002) and should be included as patieftatement of Comprehensive Income.

The Global Reporting Initiative only serves aguadelinefor companies on reporting on physical

units (GRI, 2013), but not on reporting of envire@ntal costs. However, IFAC (2005) encourages
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companies to report on the physical units of emvitental impacts, as well as the monetary values
of these impacts, but is also only a guidance decuinmCompanies therefore have the choice of
whether they want to implement the IFAC guidelir@snot. Implementing these monetary
guidelines is often viewed by management as attastkwill not add any value to their decision
making, and that it will need a large amount ofitzdpand expertise in order to implement

successfully.

Environmental reporting awards a sense of visjbtlit a company’s environmental activities and
impacts (Milne & Gray, 2007). On the other hana, danger of corporate environmental reporting
lies therein that some companies will want to tsetype of reporting as a method of constructing
a new image for stakeholders and prospective inx@gHopwood, 2009).In doing so a company
creates a new face while shielding internal ae#isitfrom the rest of the business world
(Hopwood, 2009), resulting in a positivistic typé reporting that neglects looking at negative

environmental impacts.

Bartelmus (2007) notes that the System for integr&nvironmental and Economic Accounting
(SEEA) which has been revised in 2003 only elalesrain physical and hybrid environmental-
economic accounting and detail valuation methodsnfdural resources. Monetary valuation of
environmental impacts on the other hand is reje¢tédted Nations, 2003). Consequently, the
System for integrated Environmental and Economicotinting (SEEA) does not fully meet its

objective of assessing sustainable developmenttdBauws, 2007). Physical accounting only
allows warning signals to be sent with regardsutstanability, but it does not attempt to measure
ecological sustainability (United Nations, 2003;ri@amus, 2007). The environment needs to be
given a voice through the language of businesschvientails accounting information (Reyes,
2002).

Reyes (2002) distinguishes environmental repoiitirthree contexts of which each has a different
approach to reporting of environmental costs:
» Environmental accounting in the context of finahaeiecounting
0 This context includes information regarding the tcompacts of environmental
performance (liabilities, contingencies, impairmefitassets and intangibles) which
are reported in the financial statements (extam@brting).
» Environmental accounting in the context of manageraecounting
0 This context entails the use of environmental @st savings in order to improve
internal decision making (internal reporting).

* Environmental accounting in the context of auditing

62



0 This context involves the assessment of a compaaference to IFRS and other
GAAP issues in relation to environmental matteratthan affect the financial

statements (external reporting).

A study done by Castro and Chousa (2006) concluthed many companies report on
environmental issues, but that very few includeoiimfation on the financial impacts of their
sustainability performance. This is a great hundlthe process of integrating the management of
sustainability into the decision making of a compamd its investors (Castro & Chousa, 2006).
The study further indicates that there is valuanalysing a company’s environmental and social
performance in relation to its financial performandn using SustainAbility (2001) and
Rappaport’s model (1986) for shareholder addedeyaastro and Chousa (2006) found it evident
that the link between environmental managementlaadompany’s ability to create value has the

ability to measure sustainability using financetios.

Various guidelines (IFAC, 2005; Institute of Dirert, 2009; ISO, 2009; I1SO, 2010; GRI, 2013)
and regulations (country-specific due to the dédfere in jurisdiction areas) focus their attention o
environmental impact reporting, but only guide tisers on physical or non-financial reporting of
data (Herzig & Schaltegger, 2006). Therefore, & Bhould be drawn between environmental
reporting and financial reporting. In order to &k this, a strategy-focused design for
sustainability performance management requiresvanath change in the traditional accounting
systems applied in order to accommodate envirorehé&#ues and their financial impacts (Herzig
& Schaltegger; Burrit, 2005). From the literaturésievident that many additional measures need
to be taken before full reporting of environmeniapacts (physicaland monetary will be
possible, and that more standardised accountingreparting procedures are needed (Ditz &
Ranganathan, 1997; Bennett & James, 1998; GRI,)2013

Environmental accounting and reporting is necessarprder to answer requirements of a
company with regards to environmental dangers,aratp responsibility, relationship between the
industry and the environment, measuring of the chpa the environment and the disclosure and
reporting of the impacts. This can be explainedugh the theoretical model constructed by Jones
(2010) in Figure 15 (pg.64).

In the sixth premise current accounting are comeiti¢o be inadequate — there are currently a
wealth of academic research on how to improve atioy systems through the inclusion of
environmental aspects, however very little stutli@ge been done on the success of implementing
environmental accounting, environmental managemeeunting in specific. The main reason for

this is the fact that conventional accounting isdshon a capitalist view — and modern capitalist
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accounting has a limited world view where compamiely aim to achieve as much profit from
their activities as possible even at the expenstefenvironment (Maunders & Burritt, 1991).
This is a very dangerous view point for the miningustry as this industry need to create a
sustainable environment to ensure that future gdinas can use the land and that the biodiversity

of the area is protected.

; 4
Fiest Premse:
Environmental Envirommental
Dangers Threats put
planet at nsk
Corporate Second Premise: Third premise: Fourth premise:
respansibility | Indusiry great e | Society % | Indusiry has a
impact on lemtimates duty to act
environment industry g“
=
! "
b
; ; Fifth prenmise:
New Telationship Lomg-term radi :I reorientation E
. o [ IR (=i LRIAT =
between industry h'~" i able dovel g
- W SUS g A i =
and SviroKBTeas with sustamahle development as £
immediate target E
z
Messure Sexth premise; Seventh Premise
industry's Current # Mew holistic
impact accounting aceounting v
inadequate required
=
£
-
=
. : =
Disclose and Eighth Premise; iz,
report impact Stewardship function ]
ak
=
=

Figure 15 A theoretical model for environmental acounting and reporting (Jones, 2010)

The answer to question four is that environmentsts should be reported on in a company,
whether it is in their corporate sustainability sgs or whether it is part of their annual finamcia
statements as a separate statement. It is impddartompanies to be able to measure their

economic performance in relation to their environtakimpacts.
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3.5Summary

The aim of this chapter was to reach the first cibje of this study, i.e. answering the first four
research questions. The question of which envirowaheosts need to be measured and why was
answered in section 3.3, which methods of measurest®uld be used was discussed in section
3.4.1 and where these costs should be reporten section 3.4.2 was answered through a critical
review of the literature and previous research tyug environmental management accounting.
This chapter assisted providing overarching ansteecgiestions one to four of the first objective.

These answers will need to be tested specificallytfe platinum mining sector.

Environmental management accounting originated faamventional management accounting,
addressing the need to link eco-logical performamgth economic performance through
improving eco-efficiency. Pressures from variouwskeholders and guidelines forced companies to
include the environmental matters in their perfanoea appraisals. The first question, i.e. why
should environmental costs be measured, was claadwered in the discussion about the major
impact of mining activities on the environment.drder to develop a sustainable future, mining
companies need to consider environmental costaptheir decision making. Question 2, i.e.
which environmental costs should be measured, wasered by means of the literature and IFAC
(2005) guidelines, and should include the followicategories: waste and emission treatment
costs, prevention and environmental managemens,costerial purchase value of non-product
output, environmental revenues, materials costsrafluct output and research and development

costs.

This chapter has concluded that three methods tiqoetbree) for measuring environmental costs
are to be considered in the modern organisatianghalife cycle costing (or full cost accounting);
activity based costing and material flow cost actimg. Life cycle costing needs to be done with
the assistance of a life cycle analysis and shmddide all aspects of a product’s life cycle and
not only the production phase. The life cycle asiglydentifies environmental issues to which
values are attached. Activity based costing ass@tgpanies in identifying which activities have
direct and indirect impacts on the environment. @anies need to allow for an environmental
cost element in order to record costs correcthjthie accounting system. Material flow cost
accounting is the input-output analysis of a proidncprocess. However, because this method
takes only waste into account, it should be usezbijunction with activity based costing in order
to ensure that all the possible environmental chat® been identified and accounted for. These
methods can be combined by a company in orderdevemtheir needs pertaining to reporting and
current accounting systems already in place. Resogificiency accounting assists companies in

identifying hidden costs currently trapped withheir reporting formats. Finally, this literature

65



review has assisted in answering the fourth quesifathe first objective, of which the methods
discussed will assist mining companies in identiyiand calculating the value of their
environmental spending, while assisting this redear setting up a framework for measuring and

reporting environmental costs at a platinum mine.

The theoretical review is a critical step in thesearch as the method of research is a case study
analysis which needs to compare the theory of enmental management accounting and the
application of environmental management accountingractise. Where Chapter 3 answered the
first four research questions from the literatu@dapter 4 will build upon it and compare the
literature underlying environmental accounting tee tpractical application of environmental
accounting in order to provide further (case stspgcific) answers to question one to four of the

first objective of this study.
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Case study Findings,

conclusions and

Literature recommendations

review

Research
Methodolgy

Introduction

Chapter 4
Case study

4.1 Introduction

Chapter 2 discussed the research methodology &f saglies and Chapter 3 discussed the
literature underlying environmental management acttog and answered the first four research
guestions (pg.9) from a literature perspective.g@drad will apply the research design drafted in
Chapter 2 and analyse the data that has beentedlld2ata was collected from various sources to
ensure triangulation of data, and various qualitgoks were put in place to ensure validity of data
and explanation building, organisational-level tognodels and rival explanations are tested to

ensure that all possible outcomes are covereckindhe study.

The goal of this study is to investigate methodaamfounting and reporting of environmental costs
at platinum mines to ensure a sustainable futurers which not only organisations will benefit,
but individuals within the organisation as well.i§twill allow a frameworkto be set for the
measurement and reporting of environmental costms€quently, this goal will assist in

answering the main research question:

Will a framework for measurement and reporting w¥ieonmental costs assist companies in
expanding their current environmental disclosuresirt-detail reporting of environmental

information?
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In pursuance of the goal the main research quegt#n be sub-divided into the following
guestions (refer to pg.9). These five questionsesifablish which data needs to be collected from
the various sources used in this study, wherebwensg each question will reciprocally answer
the main research question. This chapter focuseanswering questions 1 to 4, which in turn
focus on reaching the first objective of this studsich is to identify the current measurement
methods and reporting of environmental costs ingleinum mining sector of South Africa.
Question 5 will be answered in Chapter 5, whichufas on reaching the second objective of this
study, which is to identify the possibilities of pmoving these measurement methods in order to
assist in more accurate reporting of environmentats by developing a framework for the

measurement and reporting of environmental cosig#tinum mine.

The literature review in Chapter 3 identified anmdduced the first four questions relating to the
first objective of this study of which the answewgre generalised. This chapter will direct
attention to the platinum mining industry throudte tcase study, of which the answers will be

more specifically directed toward the platinum manindustry.

Section 4.2 will provide a summary regarding whitta should be collected from various sources
in order to answer questions one to five, wheresadion 4.3 will contain the minutes of the
informal meetings held with the environmental arghagement accounting departments. Section
4.4 will summarise the actual data that has be#laated, which will then be analysed in section
4.5. The data analysis will be done in using exgii@m building in section 4.5.1, organisational-
level logic model in section 4.5.2 and testing theory against the rival explanation in section
4.5.3. A cross-case analysis will be conductedeictisn 4.6 on the reporting of environmental
costs in various platinum mines by using their mastent published integrated reports (the
McGregor BFA data base will be used to collect tthiga). The cross-case analysis assists in
verifying whether other platinum mines are curngmgporting on environmental costs and in
generalising the findings of the case study. Qualiecks in place will be discussed in section 4.7,

and the case study findings, based on the datgssalill be discussed in section 4.8.

4.2 Data that needs to be collected from the case stugyincipal

Collecting data from the case study principal o tturrent measurement and reporting of
environmental costs will assist in identifying gagishin the current theoretical framework for the
application of environmental management accourdimg) will allow mining companies to realise
the benefits of reporting on these costs. Theatig is a summary of the data that to be collected

from the case study principal:
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Detailed accounting entries of overhead accounts
0 Purpose of data:
= To identify any environmental costs allocated tsthaccounts.
Extraction flow chart
0 Purpose of data:
» To understand the process before extraction of am$ waste can
commence.
=  Will assist in identifying all the environmentalste associated with these
flows.
» To identify activities to assist in calculationadftivity based costing.
Ore and waste handling flow chart
0 Purpose of data:
= To understand the material flow in platinum mining.
= This will assist in:
o Identifying additional environmental costs
0 Setting up a framework to calculate future envirental costs
o Identifying activities to assist in calculation afttivity based
costing
0 Quantising input-output data for material flow castounting
Platinum mining flow chart (summary of the above)
0 Purpose of data:
= To assist in calculating the life cycle costingaftie-to-gate) as well as
activity based costing of platinum mining.
= To identify the input-output quantities that wilsast in applying material
flow cost accounting.
»= This will add value to the framework as well astaumbility Reporting.
Environmental reports
0 Purpose of data:
* To understand the environment of platinum miningl 4o provide a
framework that will assist in the management ofiemmental issues at
a platinum mine.
Life Cycle Assessments
0 Purpose of data:
= To assist in life cycle costing (cradle-to-gate).
Procedures in regards to Shaft Closures and Rehaligtion of mine site

0 Purpose of data:
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= To assist in environmental cost identification.

* |AS 37 applications and notes
0 Purpose of data:
= To understand the current reporting in the intdgiren of possible

liabilities and provisions relating to environmdnssues.

4.3 Minutes of meetings held with the case study prinpial

Three scheduled informal meetings were held wighdése study principal on 11 October 2013 on
site. These meetings were scheduled in order tiroltie views of the different departments on
environmental costs and how they perceive the oblthese costs within a platinum mine. The
outcome of these meetings will assist in answegjimgstion two, three and four. As these meetings
were informal, no agenda was set up. The followdegartments were involved:

* Environmental department

* Management accounting department

Management accounting department (11:20 — 11:35)

» This meeting was held with the mineral process mament accountant
* The outcome of the meeting was as follows:

0 The case study principal currently reports on emrinental costs — in total for
the company as well as per shaft. Confirmation giasn that these reports can
be provided to verify which environmental costs areluded. Central
management accounting agreed to assist after wdriclnformal meeting was

scheduled at 13:00 for further discussion.

Environmental department (12:00 — 12:45)

» This meeting was held with three environmental gists on site including the head of

department.
* The outcome of the meeting was as follows:

o Life cycle assessments are not currently done bycise study principal. They
are busy researching the possibility of introdudingn the near future, but the
attendees at the meeting were not entirely condirtbat this will work at this
specific mining company. The reason that they bkeligis will not work is that
there are not enough people employed to assistthétiivorkload of such a task.
The implication thereof is that this exceedinglynmicates the calculation of

cradle-to-gate life cycle costing. Head office dddobe contacted to confirm
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when and whether life-cycle assessments will beedonthe mine. Contact was
given to confirm this fact after the meeting. (Hefice was contacted after the
meetings held, refer to pg.73).

Activities involved in environmental cost flows Wwite identifiable and will be
used to allocate costs, making activity based iegstiethods easy to introduce.
Their current accounting system does not providedio environmental cost
element when entering cost data into the systerkingat particularly difficult

to identify environmental costs in the accountiggtem, and consequently, these
costs ‘disappear’ in overhead accounts. This igye@stifiable by simply having
the accounting system administrator add a cost exlento their current
accounting system. Training is required so as Buenthat the correct costs are
allocated to this element.

Budgets are currently done with a line item th&neto environmental costs, but
actual data pulled from the accounting system dasshave a line item with
which to compare actual versus budgeted figures.

Input-output quantities that can be used to caleudanvironmental costs using
material flow cost accounting are not readily adalié. According to the
environmental department, identifying this will adifficult and time consuming
task.

Documents containing their current detailed repgrton environmental costs

were received via email on 15 October 2013.

Management accounting department (13:00 — 14:00)

* This meeting was held with a senior managementuataat of the case study principal.

* The outcome of the meeting was as follow:

(0]

(0]

The attitude towards additional line item reportings not positive. The senior
management accountant pertains that it will onlyel&ra work with no real
benefits, but that he would like to see the outcofrguch an exercise.

They apply responsibility accounting, which makesore difficult to identify
environmental costs in their accounting systenhagetare no responsible people
to account for these costs.

According to the management accounting departnienetis enough data readily
available on input-output quantities to completeaterial flow cost accounting
analysis. Upon asking why the environmental depamtrdoes not have access to
this information, the answer given was that thegudth be able to access this

information on the system.
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o It was agreed that, upon the signing of the confidéty agreement, financial
data regarding standard costs and detailed acoguatitries would be sent via
email. A confidentiality report was signed and senthe case’s study principal
on 14 October 2013.

Head Office Confirmation of Life Cycle Analysis:

» It was confirmed with the contact at head officattthe Life Cycle Analysis study will
only be completed in December 2013 after which tiey apply for approval for
implementation. A date could not be confirmed.

4 .4 Data collected

This section will summarise the data that has lwedliected from the case study principal as well
as data collected from other sources in other Bumena triangulation of data in the attempt to
answer question one to four. Due to the classifiature of the information provided and the
confidentiality agreement signed, the data colkdiem the case study principal cannot be

reproduced.

In light of this matter, a summary of the data eciéd from the case study principal is provided:
» Detailed accounting entries of overhead accounts
0 This will assist in answering guestion two
* Process flow chart
o This will assist in answering question two and ére
The only flow charts available was the ore extmactilow chart (Figure 16, pg 73)
and the basic platinum flow chart (not includeditagias to general) which only
indicates basic flows of platinum mining and refigu
0 More information involving this process is heededider to identify proper flow of
materials (input-output flows) — the case studyhgpal was not able to assist in

providing this information.
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Ore Extraction - Shafts

Feasibility Studies
» Exploration & evaluation
= Design, planning & costing

|

Shaft sinking
= Drill, blast, clean, support

= Equip

Development
« Footwall off-reef and on-reef
= Drill, blast, clean, support

Stoping
» Drill, blast, clean, support
» Underground rail transport

Transport matte to
Springs Refineries

I

Smelter I Slag Plant
= Drying, smelting

» Converting E /|

Concentrator /E
= Mill iiii
+ Flotation

Tailings
Scavenging
Plant

Transport
» Shaft hoisting

» Surface rail transport

Tailings Dam

Figure 16 Ore extraction process flow chart (casdwdy principal)

* Environmental reports

0 Closure costing report for 2013 was provided

o This will assist in answering question two

0 KING Il — principles applied in 2013

0 This will assist in answering question one

o Environmental policy statement 2013

o0 This will assist in answering question one andehre

o Mineral resource and mineral reserve statement 2013

0 This will assist in answering question two and ¢hre

0 Sustainable development report 2013

0 This will assist in answering question one to four

» Life cycle assessments

o Not available (in progress)

* Procedures pertaining shaft closures and rehabilittton of mine sites

0 Included in the Closure Costing report 2013
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* |AS 37 applications and notes
0 This will assist in answering question four

0 Notes to the consolidated financial statementsiglstl in 2013

The data collected above is used in the data asafysection 4.5 below.

4.5Data analysis

Three methods of data analysis will be used inghigdy so as to ensure that all possible outcomes
have been taken into account when the case studyrisluded. The first method used is
explanation building (Yin, 2009), the second, agamisational-level logic model and the third,

testing the theory against a rival explanation (2009).

45.1 Explanation building

i  Theoretical statement on how environmental costs should be measured and

reported on:

Environmental costs should be measured using ottee® methods or a combination of methods
that include activity based costing, material flomst accounting and life cycle costing (cradle-to-
gate). Environmental costs should be reported anseparate line item with an explanatory note

in the financial statements of a mining company.

ii  Initial findings of the measurement methods and reporting of environmental costs

by the case study principal:

In the publisheatonsolidated financial statementghe following items appear as a separate line
relating to environmental costs:

0 Rehabilitation provision, calculated by using esties.

No other costs related to environment-related caste identified in the consolidated financial

statements.

The case study principal reports monetary unitof the following items under “Environmental”

in their sustainable development reporbf 2013:
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* Land management
o0 Rehabilitation liabilities/current costs

0 Rehabilitation provisions.

The case study principal reports piysical unitsof the following items under Environmental in
their sustainable development reporof 2013 (Table 8):

Production data Material Land management | Waste management
consumption
. : Disturbed areas Non-mineral/non-
Ore milled Diesel o
rehabilitated hazardous waste
- . Non-
ENIMEE CIEEEET o Petrol mineral/hazardous
dam
waste
Dump slag treated Coal Accumulated tailings

Furnace and converte
slag generated and| Industrial burning oil
treated

Accumulated waste
rock (on surface)

Total slag treated

Platinum produced

Energy Water Emissions

Energy consumed | Total water withdrawn ~ Total direct CQ

Energy intensity Total water consume¢ Total indirect CQ

Total water recycled| Total direct SQ

Water intensity

Table 8 Physical units reported on by the case stugyincipal (own research)

In the detailed accounting recordsof the overhead accounts no costs were indicated a
environmental costs. The following costs howevanldde classified as completely or partially
environmental costs:

e Total fuels and gases (accounted for in the fuebamt, which is considered as

variable overhead costs)
o0 Oils Greases Gasses

Diesel
Petrol

Industrial Burning Oil

o O O o

Coal
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» ISO accreditation (accounted for in the other ogathaccount, considered to be a
fixed overhead cost)
* Water (accounted for in the utilities account, ¢desed as variable overhead costs)
» Electricity (accounted for in the electricity acoouat a fixed rate, considered as
variable overhead costs)
» Off Reef Development costs (accounted for in thieredf account, considered as
capital development costs)
o Off Reef Development Material (considered as iredireaterial costs)
o Off Reef Development Utilities (considered as oeadh costs)
* Chemicals (accounted for in the other account lier concentrator, considered as variable

overhead costs)

The case study principal does not make use of difele analysis in their environmental
department which makes the measurement of lifeecgmbting difficult. They are currently in the

process of developing life cycle analysis procesltinat should be applied in the near future.

The closure costing reportfor 2013 only includes costs that refer to thesate of the specific
sites, which includes rehabilitation costs, remadaktructures and waste. This is calculated by
using standard costs and a bill of quantities ddafby the environmental department and a

consulting firm.

iii Revised statement

Environmental costs measured using activity bassting, material flow cost accounting or life
cycle costing (cradle-to-gate), should be repoded separate line item and explanatory note in
the financial statements to ensure a clear undwlisig of the environmental impacts certain
internal decisions have. This will enforce tripletiom-line reporting, thereby adding value to

environmental disclosures.

iv Findings based on the revised statement

The case study principal does not report on enmertal costs as a separate line item, the main
reason being that they apply responsibility acdognand that, at this stage, there are no people

responsible on site to take this activity one $tefher.
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A clear definition of what should be included undmrvironmental costs is lacking between
departments. Various departments perceive envirotahecosts differently which creates a

problem when costs are captured in the accountistgis.

Physical data is available for environmental inpansl outputs, but there is no link between this
data and monetary values. This makes MFCA posdilolegver, the theoretical application of this

method needs to be adjusted to suit the extractohustry.
In conjunction with responsibility accounting, tlease study principal uses an activity based
costing approach for their costing methods. Heimadding an environmental element as one of

the cost drivers would be possible.

4.5.2 Firm or organisational-level logic model

The following organisational-level logic model (Big 17) has been derived from the collected

data for the accounting of environmental costs@ainum mine:

] Immediate
Based on data entered on Recording of actual outcome
. costs on accountin
Requisition requisition :
e = — — —— m e ] system
Approved PO completed on
Y
. system
Purchase Delivery of goods/ y Payment
Order (PO) > services g
Invoice received with reference to

PO and delivery documents

Figure 17 Document flow of cost recording in an orgnisation (own research)

The data entered in the first step of the accogrdirstem has a large impact on the final reporting
of the costs incurred as seen on the flow of cesbnding. The logic behind such cost allocation

concerning the case study principal can be se€igure 18 (pg.78).

Each department has various activities, each hagingsponsibility linked to it. Goods are

required for each activity within the departmenddior each activity there are several cost
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elements which may be valid. The person respongibleach activity decides which cost element
should be linked to each expense item that falldeunheir responsibility. The possibility does
exist for certain expenses to be linked to incdreest elements. In the case of environmental costs
it is essential that environmental costs be cledefined in order to avoid incorrect cost allocatio
During the visit to the case study site it was «cldaat various departments had different

understandings of what environmental costs entail.

Department
Activity 1 Activity 2 Activity n
Responsible Responsible Responsible
person person person
\ 4 y
Cost element Cost element Cost element
a a a
| | |
Cost element Cost element Cost element
n n n

Figure 18 Organisational-level logic model for cosallocation (own research)

4 5.3 Testing the theory against the rival explanation

Several studies have concluded that companiesnaillbenefit from controlling environmental
costs and reporting on a triple-bottom-line (R2802; Telle, 2006:195; Pava, 2007; Hacking &
Guthrie, 2008). This opens the question of whethegally would benefit a mining company to

spend time and effort on introducing a frameworki@asure and report on environmental costs.

The data collected from the case study indicatertfiaing companies measure a large percentage
of possible environmental costs with their currantounting systems. The problem is that the
mining companies do not refer to these costs agamaental costs. Input-output data is not
linked to monetary values and the lack of in-detaibcess flow diagrams available to the
environmental and management accounting departndods not allow these departments to

conduct in-detail reporting on environmental costs.
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4.6 Reporting of environmental costs — cross-case analg

The purpose of the cross-case analysis done ineTalfbg.80) is to assist in generalising the
findings on the case study principal and articatathem to theory. The external reports (financial
statements, notes to the financial statements asthigability reports) were reviewed so as to
confirm whether other platinum mines do report agi®nmental costs. The three other platinum
mines chosen, are platinum mines listed on thenlwsburg Stock Exchange and are considered

to be the largest providers of platinum in Southast.

The financial statements from these three othetinplam mines were downloaded from the
McGregor BFA database in order to establish whetigorting of environmental costs within the
financial statements are available or lacking. ®hly environmental cost that was identifiable in
the financial statements of all four platinum mingas the rehabilitation provision. The only
apparent reason for this is that IAS 37 requirés tnly one platinum mine reported on treatment

costs recovered.

The Corporate Social Responsibility reports of fhlatinum mines were downloaded from

www.corporateregister.comwhich verified that the platinum mines did not @dp on

environmental costs in these reports: the only ragevalues found in these reports were from

the case study principal itself. The other platimnimes only reported on physical units.

This cross-case analysis confirms that platinumesiido not report on environmental costs as a

separate line item within their annual integratedricial statements.
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Case

Identifiable in Financial Statements study Pla'tinum Pla_tinum Pla_tinum
as monetary values - mine 2 mine 3 mine 4
principal
Corporate social responsibility
IFAC - Guidance document or
ENVIRONMENTAL
MANAGEMENT ACCOUNTING
Monetary Information
Cost Categories:
Materials Cost of product outputs
Material Cost of non-product outputs
Processing costs of non-product output
Energy and water (only material and 1 « % %
processing costs applicable inthe s
mining sector)|  Report
v
treatment
cost
Waste and emission control costs % x recovered x
Prevention and other management costs x x x x
Research and development casts x x x x
Environmental revenues x x x x
International Accounting
Standards
IAS 37 - Provisions for Liabilities
Rehabilitation v v v v

Table 9 Comparisons between platinum mines on the ment reporting of environmental costs in their anrual

financial statements.

4.7 Data quality check

The quality check table discussed in Chapter 2 |€T4b pg.23) is used in Table 10 (pg.81) to
ensure that all the validity tests have been dowkthat the research is viable. Chapter 4 was
reviewed by the case study principal to ensuretti@atata was interpreted correctly and that the
logic model derived is applicable to the organgsatiMultiple sources of evidence and a chain of
events were established with which to construcidital Pattern matching was not done during
this case study, but in order to create internldlitg, explanation building and logic models have

been used. External validity was ensured by a wewtthe literature underlying environmental
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management accounting. In using a case study mlotow a database along with all the data

collected data, reliability of the study’s findinigsensured.

TESTS CASE STUDY TACTIC DONE

Construct validity | Use multiple sources of evidence

Establish chain of events

Have key informants review draft case study report

Internal validity Do pattern matching

Do explanation building

Address rival explanations

Use logic models

External validity Use theory in single-case studies

Use replication in multiple-case studies

Reliability Use case study protocol

NN ENENENENEIENENEN

Develop case study database

Table 10 Data quality of case study check (applicath of Table 1 (pg.23) based on the research done by
Yin (2009:41))

4.8Findings

The goal of this study was to investigate methddaccounting and reporting of environmental
costs at platinum mines to ensure a sustainabileefdtom which not only organisations will
benefit, but individuals within the organisationwasll. This will allow aframeworkto be set for
the measurement and reporting of environmentakcdste goal will assist in answering the main
research question. Question one will be answerestation 4.8.1, question two in section 4.8.2,
guestion three in section 4.8.3 and question fouseiction 4.8.4. The case study and literature

review concluded with the following findings:

4.8.1 The importance of measuring environmental costs & platinum mine

This section will answer question one by identifythe importance for platinum mines to measure
environmental costs. Measuring environmental caststs management in identifying problem
areas concerning environmental management as weltoat management. The benefits of
improved environmental cost measuring and howlsliwith revenue and costs within a company

can be seen in Table 11 (pg.82).
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Financial Earnings from the sale of material: Sales
for re-use and recycling.

Financial subsidies, awards. Substitution costs of marketing
Lower level of environmental fees, Cost reduction
taxes, charges.
Provision/insurance for damages. Hidden cost savings
Lower level of human workforce Cost reduction
costs
Process Effective resource utilisation. Contribution to Cost reduction
Environmental research and Sales Reduced costs or new processes, savings
development.
More rational decision making New product Contribution to efficiency improvement
Environmental management system Cost reduction
Other Better working conditions Output efficiency Reduced turnover
Risk reduction Sales Cost increase, but contingent cost
Green image reduction
Better reputation
Good relationship with authorities Reduced costs of operation
Good relationship with competitors Lower incidental expenses

Better public trust and confidence Sales

Table 11 Value drivers and environmental benefits athmeasurement (adjusted) (source: Van & Gartner,
2011)

This question is answered through the literaturg, i applicable to the case study as well.
Platinum mines are currently experiencing a veffyadilt task to remain profitable considering the
increase in input-costs of production, especialyour. Through focussing on cost elements that
can assist in costs savings and improve the congpanyironmental performance, would assist in
adding value to the company’s perceived value layediolders and their bottom line at the end of

the day.

4.8.2 The scope of environmental costs

This section will answer question two by identifyivhat environmental costs categories should
be included on a platinum mine when environmentatcare measured. Environmental costs can
be defined as the costs applicable to all direct iadirect impacts on the environment. Several
studies were done previously done to identify ametiegories that should be included in the
application of environmental management accountifibe following cost categories were
identified through literature and were adjustedoider to indicate which are applicable to the
platinum mining sector in specific. The data analglone on the detail accounting entries (pg.75—
76) as well as the physical unit reporting of eonimental impacts in the sustainability report
(pg.75) found that theses cost categories are caiydi to the platinum mining sectprasch,
(2001:23) and IFAC (2005:55) was used as a baseamd research was included to determine

the cost categories applicable specifically for gi@inum mining sector]:
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* Waste and emission treatment costs
o0 Chemicals used in processing and refining stages
Depreciation of related equipment
Maintenance of equipment
Personnel costs
Fees, taxes, charges

Fines and penalties

O O O O o o

Insurance for environmental liabilities
0 Provisions for clean-up costs
* Prevention and environmental management
o External services relating to environmental managerfcontractors)
o Personnel within the environmental management timeat
o0 Additional expenditure for new technologies in axtion, processing and
refining which will ensure ‘cleaner’ mining.
* Material purchase value of non-product output
o Energy
o Water
» Environmental revenues
0 Subsidies, and awards received for the implememtaif preventative and
corrective procedures concerning environmental gtgpa
* Material costs of product output
o Energy
o Water
* Research and development costs
o New shaft or mine feasibility studies
o Biodiversity
* Rehabilitation provisions (this is of utmost im@orte in mining in creating a
sustainable environment for future generations tand, these provisions need to be

indicated separately)

4.8.3 Methods of measuring environmental costs

This section will answer question three of thisdgtby identifying the most accurate methods to
measure environmental costs at a platinum mine.ioWar methods are available for the
measurement of environmental costs. Life cycleiegsfcradle-to-gate), activity based costing,

and material flow cost accounting is consideredb& the most popular methods used by
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companies. The reason for this is that companie=ady make use of these cost accounting
methods within their accounting systems and hemalg, small adjustments would be necessary to
accommodate an additional cost item that linksntdrenmental aspects. Combination of methods
are not used as commonly due to the fact that quires a lot more administration and

reconciliations — an additional burden on most canigs already limited by time constraints.

However, material flow cost accounting needs toadpisted for the extraction industry as it
theoretically applies only to production companiédsing the environmental management
accounting principles and the process flow of plam mining, Table 12 (pg.85) has been

constructed in Excel for application within thetplam mining sector.

Material flow cost accounting for the calculatioh environmental costs needs to be used in
conjunction with other methods, as this method alaoves not take into account all the
environmental cost categories which are requirgdafdull cost calculation of environmental

impacts.

Life cycle costing (cradle-to-gate) is the mostuaate method as it takes into account every stage
of the platinum mining cycle and is based on tlie Gycle analysis done by the mine. The
advantages of doing a life cycle analysis alonghwife cycle costing (cradle-to-gate) are
numerous. However, this method is difficult to apfjl input-output quantities for every stage

within the life cycle are not available and a lifecle analysis is not being done.

Activity based costing is easy to apply as most BR&tems are built around the same principle
applied in this method. This method will assist ageament in identifying which activities have
the greatest impact on the environment. These igesvcan be managed accordingly with
increased environmental performance as well as eredse in costs thereby increasing
profitability. If this method is considered for thmeasurement of environmental costs, certain
changes will have to be made in responsibility i=nas additional cost centres might be created

through the inclusion of environmental aspects.
This study has also found that environmental castscurrently measured by platinum mines, but

that most of these costs are absorbed into thigywdihd overhead accounts and are not classified

as environmental costs in nature.
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4.8.4 Reporting of environmental costs

This section will discuss the findings on where imnmental costs are reported on in platinum
mining companies’ integrated reports. This study foaind that platinum mining companies report
only on rehabilitation costs in their integrate¢pors published annually, only because they are
required to do so by accounting standard, IAS &fuirements. Environmental aspects are
included in the integrated reports as the Globgddreng Initiative and KING Il strongly advise
companies to apply corporate social responsibibiyt, only physical quantities are reported on.
The main reason for this lies in the fact that iplan mines currently do not account for
environmental cost as a separate cost elementnwitieir accounting systems, making the

reporting of these costs extremely difficult.

4.8.5 Recommendations

This chapter has concluded that it is importamh&@asure and report on environmental costs in the
mining industry so as to create a sustainable enrient. It was found that platinum mines
currently measure most of the environmental costgraies, but that these costs are absorbed into
the utilities and overhead accounts. These cosésl rie be identifiable in order to assist
management in improving environmental impact assests and measuring the value of these
impacts. If the impacts can be measured in mondems they will direct internal decision
making and add value to the decision making protessigh the identification of areas that need
to be improved. The study recommends that a framevb@ constructed to assist mining

companies in measuring and reporting on environateatsts

4.9 Summary

Successful case study research is dependent amd sesearch design, which in turn will ensure
that the integrity of the outcome is guaranteed daded as a valid research attempt. Chapter 4

involved the collected data analysis accordindnéoresearch plan designed in Chapter 2.

Various sources of data were collected in an attempnswer the main research question of this
study by means of answering questions one to fotineofirst objective. Chapter 5 will use the
answers for these questions to answer questionvikieeh relates to the second objective of this

study.

The analysis of the collected data was done by efagxplanation building, organisation-level

logic model building, and testing the findings angdia rival theory. Explanation building has
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found that platinum mines do measure most of theirironmental costs, but do not report on
these costs as a separate line item. The majdritigese costs were absorbed into the overhead
accounts. Platinum mines do not yet recognise émefits that lie in reporting on environmental
costs as a separate line item and striving towdptetbottom-line reporting. The organisational-
level logic model has assisted in identifying teagons that cost allocation is done in the current
fashion and what has to be done in order to chdrgeost allocation process. Testing the findings
against a rival theory has proven that reportingvironmental costs on a separate line item will

add value to internal decision making.
Chapter 5 will conclude the case study research finitlings based on the data analysis done in

Chapter 4 in the form of a framework that will asin the measurement and reporting of

environmental costs at a platinum mine, therebyariag the second objective of this study.

87



Case study Findings,
_ conclusions and
Literature recommendations
review
Research
Methodolgy
Introduction

Chapter 5
Findings, conclusions and recommendations

5.1Introduction

This chapter will answer the second objective @& gtudy through identifying the possibilities to

improve current measurement methods for environaheaists applied by platinum mines, with a
view to assist them in more accurate reportindiese costs. The theory underlying environmental
management accounting has been reviewed, and ttreododogy presented and applied in the
previous chapters. This chapter will conclude tesearch by setting up a framework for the
measurement and reporting of environmental cosispdditinum mine in order to answer the main

research question of this study:

Will a framework for measurement and reporting m¥ionmental costs assist companies in
expanding their current environmental disclosuresirt-detail reporting of environmental

information?

This chapter will briefly revisit the literature gection 5.2 and discuss the findings in secti@n 5.
The practical implications of the findings are dissed in section 5.4, leading up to a gap analysis
in formulating recommendations which will assistsitting up a framework for the measurement

and reporting of environmental costs. This chaplep addresses the limitations of the study with
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recommendations for future research. Finally, ¢thiapter will conclude with the total contribution

made to the current base of knowledge of environah@management accounting.

5.2Summary of literature review

The literature describes various methods for méaguenvironmental costs, but lacks a clear
framework that can assist mining companies in ifigng, measuring and reporting on

environmental costs.

The importance of environmental management acoogiigi emphasised by the growing focus on
sustainable development. Environmental managemenbuating entails the identification,
collection, analysis and use of physical and mageitaformation for internal decision making
(IFAC, 2005:19), which embodies and merges twdefthree pillars of sustainable development
namely economics and the environment. It also @ssismpanies in collecting, analysing and
communicating corporate sustainable informatioruiregl by management in order to address

issues regarding sustainability (Schaltegejeal, 2006).

These issues encompass the following three in&timgl divisions: ecological, social and
economic dimensions. This interrelationship is mefé to as eco-efficiency (Schalteggedr al
2006). The ecological dimension refers to a comjgaattempts to reduce negative impacts of
their activities on the environment, and formsniean focus point of this study. Before a company
can attempt to minimise these impacts, it needspove its environmental management (eco-
effectiveness), which will have positive effectstbie economic division of the company, such as

improved profit margins through cost reductions.

The need to measure a company’s eco-effectivemeissap-efficiencies lead to the introduction of
physical environmental management accounting wiiabks the physical flows of inputs and
outputs within a company (IFAC, 2005:30). This itputput data can be used in the calculation
of environmental costs through activity based ogsiiMohr-Swartet al, 2008; Jasch, 2001),
material flow cost accounting (Jasch, 2009) ordiele costing (Kldpffer & Ciroth, 2011; Caddy,
2011; Da Silva & Amaral, 2009; Swaet al, 2011; Durucaret al, 2006). These three methods
have been identified by previous studies as belrgy rmost accurate and effective ways of
measuring environmental costs. Cost categoriessthatild be included in environmental costs
according to IFAC (2005:55) and Jasch (2001:23) weste and emission treatment costs
prevention and environmental management ¢oséderial purchase value of non-product output
material purchase value of product-outpahdresearch and development codience monetary

management accounting.
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Activity based costing, when used to measure enmental costs will grant management to have
a better understanding of why particular costs ncthis will allow management to identify areas
that require improvement within the company. Inétrstrategic decision making will focus on
these areas which have been identified (Innes &Mit, 1997; Bankeet al, 2008; Blocheet al,
2008).

Material flow cost accounting is a tool used by agement to measure the flows and stocks of
material within a company in both physical and ntaneunits (Jasch, 2009:116). Managing these
material and stock flows will increase efficiendyimputs, thereby leading to cost reductions and
reduced negative impacts on the environment (Sir@w2). One of the major elements that
material flow cost accounting attempts to minims#he amount of waste that largely results from
material losses within the production process (UBD3001; Gale, 2006; Strobel & Redmann,

2002). As this method links environmental impactthwost implications, the quality of internal

decision making will improve (Onistet al, 2008; USEPA, 2000). However, although material
flow cost accounting focuses on product and nomipcbwaste calculations, it does not take into
account total environmental costs. It is therefionplied that this method needs to be used in
conjunction with other methods in order to calaailite total cost of environmental impacts of the

company'’s activities.

Life cycle costing (cradle-to-gate) is a methodduseestimate and accumulate costs for a product
over its life cycle leading up to the point whee final product leaves the company. As platinum
has various uses and buyers, it would be a timewuimg and costly task for a company to
include life cycle costing for the entire life cgcl(cradle-to-grave), and with few benefits
(Durrucanet al, 2006). In a mining company, life cycle costingsll occur alongside life cycle
analysis, which measures the environmental impaicpgsoducts, production systems and humans
(Curran, 2013). This in turn will allow companies value their environmental impacts in
monetary terms. Furthermore, it is important thatimnmental concerns be linked to economic
aspects (Da Silva & Amaral, 2009) as this will direnanagement decisions toward improving

sustainability development within the mining sector

Each of these measurement methods should be itedgrao the current costing methods applied
in the company to facilitate reporting of enviromtad costs. In comparing these three methods
(Table 13, pg.91) it was found that life cycle daogtis the most effective method for measuring
environmental costs, but that it requires thateadi/cle analysis to be conducted. Neglecting to do
so would result in a time consuming exercise, hthalrequired information will then have to be
gathered and analysed. Material flow cost accogniinin principle more appropriate for the

manufacturing industry, seeing that mining is extixe in nature instead of productive. The
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implication is that material flow cost accountingquires adjustments and tailoring to suit the
extraction industry before it can be applied. Amothimitation to this method is that it only

measures the value of product and non-product bufpaste). In order to measure total
environmental costs, material flow cost accountimtj need to be used in conjunction with

another method — activity based costing can meathedotal cost of environmental impacts
accurately, allowing mining companies to adopt tmsthod without having to face too many
system constraints as the expertise and capitateadily available. The drawback, however, is
that the company’s current cost accounting metlagjoineeds to be adjusted if they are not

currently using activity based costing.

Life cycle costing| Material flow cost| Activity based

(cradle-to-gate) accounting costing
Total environmental v « v
cost calculated
Data can be used for
internal decision 4 4 4

making

Method can be used
alongside current v v x
costing method

Table 13 Comparison of environmental cost measuringiethods (own research)

All things considered, the best option for platinmimes would be to adopt life cycle costing with
a life cycle analysis, as this will assist in maféicient environmental management as well as

management of environmental costs, thus improvaugedficiency.

Hence, this study has indicated that activity basesding or life cycle costing (cradle-to-gate) can
be used, or a combination of methods, to effegtivekasure environmental costs as long as it
includes all environmental cost categories. If matdlow cost accounting is to be used, it needs

to be used in combination with either life cyclesting (cradle-to-gate) or activity based costing
The literature describes various methods to measwiEonmental costs but a clear framework to

assist mining companies to identify, measure apdrteon environmental costs are lacking from

the current literature.
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5.3Summary of findings from the literature and the cag study

The literature emphasised the importance of meagemnvironmental costs and answered question
one by identifying that traditional accounting pdrees do not support decision making functions
in the environmental department sufficiently. Tisisnainly due to a lack of adequate information
available to them. Environmental management adaoyfills this gap by allowing management
to access more information about environmental sc@std quantities, previously hidden by
conventional accounting systems. During the proceksthis study it was observed that
environmental liabilities increase in the miningvieonment and industries in this sector
specifically are becoming more aware of this. Ispecifically important for mining companies to
measure environmental costs as various pressutpgrand stakeholders require mines to take

responsibility for their actions.

Question two was answered through the use of fiteraand refined through the case study. The
literature indicated that there are several cosegmaies that should be included in the
measurement of total environmental costs whichuohetl: Waste and emission treatment costs;
prevention and environmental management costs;ri@apeirchase value of non-product output;
environmental revenues; material costs of produtpwt; research and development costs and
rehabilitation provisions (this is extremely import in mining in order to create a sustainable

environment for future generations and thus neetie tindicated separately).

Question three was answered in detail in the libeeareview by discussing various methods which
can be used to measure environmental costs. Ifouesl that the best methods would be either
life cycle costing (cradle-to-gate) or activity bdscosting. If material flow cost accounting wants
to be used, it should be used in combination witleiomethods, as this method does not take into
account all the possible environmental costs. Tginahe case study it was found that most of the
environmental cost where measured by the platinune msing their current accounting system,
but that is not classified as environmental coBisough the classification of environmental costs
management will be able to identify current proldemth regards to environmental management
and cost management through the revealing of hiddsts within overhead accounts. Various
departments within mining companies may view envinental costs differently due to different
interpretations of the environment and environmemapacts. It is important for mining
companies to define their environment as well asirenmental costs to ensure correct

measurement and recording of these costs.

Literature indicated when answering question foxat environmental costs should be reported on

in the financial statements of a company throughapplication of various accounting standards,
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but that these standards does not necessarily focuthe environment in specific. The only
environmental costs that are currently includethimfinancial statements are rehabilitation costs.
All other environmental disclosures however are nompulsory, but rather encouraged by
corporate governance and shareholder requirem@iis. Global Reporting Initiative awards
ratings based on disclosures with regards to thiwindards, but only physical disclosures are
included. Mining companies tend to only report tamis that can improve their Global Reporting
Initiative ratings to ensure a healthy investoatiehship and encourage possible future investment
opportunities.

Mining companies need to be made aware of the heneff triple-bottom-line reporting and
linking economic performance to environmental perance. By doing so, mining companies can

create a sustainable development environment.

The answer to question five with regards to theosdoobjective will be answered through the

framework drafted in section 5.5.2.

5.4 Summary of findings and conclusion

The literature review and the case study have atéitthat the case study principal and the other
three platinum mines currently do report on varieasironmental issues in alignment with the
Global Reporting Initiative guidelines, and thagyhdo measure environmental costs within their
current accounting systems. However, the problethas the environmental costs measured are
still hidden in the overhead accounts. In orderimprove their reporting on eco-efficiency,

platinum mines need to distinguish their environtakcosts from their overhead accounts.

5.5Practical implication of findings and conclusion

Based on the findings of the case study, a gapysisalill be done to assist in identifying the
problem areas for which a framework will be reqgdjrée. the first objective (question one to
four), from literature and the case study will beed to set up a framework which will assist
management to successfully implement the effeaivé efficient measurement and reporting of
environmental costs, thereby answering the secbiettive of this study (question five). Figure
19 (pg. 94) indicates the development process @dtitrg the framework for measurement and

reporting of environmental costs at a platinum mine
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Analysis of theory underlying the measurement and reporting of
environmental costs (Chapter 2)

Analysis of existing environmental measurement Analysis of existing reporting of environmenal costs
methods applied (Chapter 4) (Chapter 4)

GAP ANALYSIS (Chapter 5)

Theory underlying measurment of environmental costs | Theory underlying the reporting of environmental costs
vs. Actual methods applied vs. Actual reporting

(Chapter 3, 4 & 5) (Chapter 3,4 & 5)

./

FRAMEWORK (Chapter 5)

Figure 19 Development process of the framework for measuringnd reporting of environmental costs
(own research)

5.5.1 Gap analysis

The gap analysis was done whilst answering thedbgective of this study (Chapte) which was
to identify the current measurement methods and ri@goof environmental costs in the platini
mining sector of South Afric. This objective needed to be met before the sectjective. In
order to reach the second objective of this studhich is toidentify the possibilities of improvin
the current measurement methods for environmermsts capplied by platinum mines so as

assist in more accurate reporting of these costextended gap analysis will be dc

Table 14 (pg.95) summasks the ideal measuring and reporting of ennmental costs at a
platinum mine andncludes all the cost categories ideled in the findings of the stu (Jasch,
2001; IFAC, 2005; own research) (refer to83). Table 15 (pg.96summariss the current
measurement and reporting of environmental cosigpédtinum min (from case sidy findings on
pg. 81-86 and Table, $g.8() which were identified by means of a case study el as a cros-
case analysisThe variance between the ideal and current ionswill be considere as the gap
experienced in the mining sec. Further investigation is requirdd determine exactly how tt

gap can be filledwhich is summarised inable 16 (pg.97).
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Ideal measuring and reporting of environmental cost in the platinum mining sector :

Identifiable in
Financial

Measured | Statements

Corporate social responsibility

IFAC - Guidance document on environmental

management accounting

Monetary Information

Cost Categories:

Energy and water only material and processing costs

applicable in the mining sectof v v
Waste and emission control costs v v
Prevention and other management costs v/ v
Research and development costs v v
Environmental revenues v v
International Accounting Standards
IAS 37 - Provisions for Liabilities
Rehabilitation v v

Table 14 Ideal measuring and reporting of environmetal costs in the platinum mining sector (own
research).
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Current measuring and reporting of Environmental caosts in the platinum mining sector:

Identifiable in
Financial

Measured | Statements

Corporate social responsibility

IFAC - Guidance document on environmental

management accounting

Monetary Information

Cost Categories:

Energy and water (only material and processing 1%

costs applicable in the mining sector) v (CSR report)

Waste and emission control costs v x
Prevention and other management costs v/ x
Research and development costs v x
Environmental revenues v x
International Accounting Standards
IAS 37 - Provisions for Liabilities
Rehabilitation v v

Table 15 Current measuring and reporting of environnental costs in the platinum mining sector (own
research).
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Corporate Social Accounting

Responsibility standards
External requirements ISO IFRS
for the measurement GRI
and reporting of IFAC
environmental costs KINGIII

Physical | Monetary
units units

Components Environmental

KEY:
Compliant
Semi-Compliant

Table 16 GAP analysis of the measurement and report of environmental cost at platinum mines (own
research)

Table 16 was constructed with the use of data delte from the case study principal and
integrated reports published from various othetiqien mines. These integrated reports were
reviewed in order to establish the degree of caanpk on average pertaining to various reporting
guidelines, including the 1SO, GRI, IFAC, KING IHnd IFRS. The average platinum mine
complied with most of these guidelines and adh&ratie accounting standards (IFRS), but when
IFAC’s guidelines are considered they are only seompliant. The reason for this lies in the fact
that they follow the Global Reporting Initiativegsiidelines which only require the reporting of the
physical units regarding environmental impacts. @-An the other hand require monetary
information as well (IFAC, 2005). It was found tloatly a few companies include this requirement

in their published integrated reports.

Table 16 has indicated that platinum mines neednfwrove their reporting of monetary units
within their corporate social responsibility repog. Some of the major contributors to the lack of
reporting on environmental costs by the case spithzipal are:

» alack of a complete life cycle analysis (pg.70-72)

» alack of a companywide definition of environmerasts (pg.71-76)

» environmental department is only responsible foosgie costing calculations and no
contribution to costing other environmental impastbeing made by this department (pg.71—
76), and

* a lack in understanding of which information is iéadale (input-output quantities) between
departments, a lack of clear understanding of Hmevreporting systems work and how this

information can be used to assist in measuringeparting of environmental costs.(pg.70-72)
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These contributing factors will be accounted forewltreating a framework for assisting platinum

mines in closing the gap which has identified ia thporting of environmental costs.

5.5.2 Framework

Sustainability reporting includes the integratidnatl three angles of the sustainability triangle
(see Figure 8, pg.36) (Herzig & Schaltegger, 20B6hce the term ‘integrated reporting’. Current
published integrated reports are additive in nategarding their social and ecological impacts,
therefore, methods need to be identified for thiegration of these angles into financial reports.
Companies are searching for reporting and commtiaicéormats which are ideal for their own

purposes; consequently, reporting contents and drmohange from year to year (Herzig &
Schaltegger, 2006). It is important that these &srbe standardised by sector or industry if

comparability between companies is to be constducte

This study has concluded (Table 13, pg.91) thaticbased costing or life cycle costing (cradle-
to-gate) can be used, or a combination of methadsbe used to measure environmental costs as
long as they include all environmental cost catiegorlf material flow cost accounting is to be
applied, it needs to be used in conjunction withegilife cycle costing (cradle-to-gate) or activit
based costing. Various other factors may also émibe the decision to measure and report on
environmental costs. Data quality from the manageraecounting department and environmental
department will affect the accuracy of the meagunrethod applied — if the data quality is not up
to standard, changes within the departments’ inddion systems will be required in order to
improve the data quality and hence the accuradheMmeasurement of environmental costs. This
factor is important to consider as it will affebetreporting possibilities regarding environmental

costs.
The following framework (Figure 20, pg.99; and Tall7, pg.100) has been developed to assist

mining companies, specifically platinum mines,dentifying which factors to measure and report

on within environmental costs:

98



Management Accounting Department

Data quality

Average Good
Moderate
= changes
(O] .
£ required
8 2>
(] =
a s Moderate .
>
5 3 changes Minor changes
c @ : required
o ! required
= <
£ a
e
S e Moderate . :
- S changes Minor changes Minor changes
0) required required required

Figure 20 Framework for the measurement and reportig of environmental costs at a platinum mine (own
research)
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Management Accounting Department

Data
guality/System Poor Average Good
Changes Information systems neg Current information systen Minor adjustments are
required to be upgraded to should be audited to ensur necessary to the
improve the quality of | that all the requirements | accounting system in
data and to ensure for internal reporting are | order to include
accuracy of data input. | met. Costing methods environmental cost
The system should should be aligned to the | allocation under the
accommodate company profile to ensure| required cost fields.
environmental costs improved usability of data.
according to the costing| Environmental aspects
method that best suits th should be considered whe
company. Costing costing methods are
methods that should be | reviewed. Environmental
considered include: costs need to be defined i
activity based costing, | accordance with the
material flow cost company profile.
accounting and life cycle
costing. Environmental
costs need to be defined
in accordance with the
company profile.
Environmental Department
Data
guality/System Poor Average Good
Changes A database with standar| Detailed information with | Minor adjustments will
required as well as actual physica regards to processes shoy be needed to synchronize
unit quantities of be entered to ensure that | the environmental
environmental aspects | the quality of data is department and
should be designed. improved. Life cycle management accounting
Detailed process flow | analysis assessments department data so as to

charts should be drafted
This can be used to
measure inputs and
assess the effects of the
outputs on the
environment. Expected
rehabilitation of mining
areas needs to be coste
and provisions should bé
made for this in the
accounting records.
Closure costing should
be done. Life cycle
analyses should be
introduced. The
environment should be

defined.

should be completed and

used as a base to measurt

environmental impacts of
all mining processes. The
definition of the
environment should be
reviewed.

ensure accurate
measuring and reporting
of environmental costs.

Table 17 Changes required in the management accoung department and the environmental department
(own research)

Once the changes are made, environmental costkldb®measured by using one of the following

methods:

» Activity based costing
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o0 Activity based costing requires the identificatioh activities which relates to
environmental aspects of the company. This willude activities that have a
direct and indirect impact on the environment.

o Cost drivers will include water, energy sources emgmicals.

» Life cycle costing

o Life cycle costing requires that a detailed lifecleyanalysis to be done by the
environmental department. Costs should be linkeéaoh element of the life
cycle analysis in order to derive life cycle cogt{eradle-to-gate)

» Material flow cost accounting in combination witliher activity based costing or life
cycle costing (cradle-to-gate)

o Detailed information with regards to input-outputagtities for every process is
needed.

o0 Materials input refer to water, energy, air (undewnd supply) and chemicals in
the extraction sector.

o Output quantities refer to product output, wastéewahemicals and emissions

0 After these quantities have been measured, cosisicsibe allocated to these
guantities by means of market values (water, enesgygen and chemicals),

costs to direct and control oxygen undergroundcastls to minimise emissions.

If the environmental costs are successfully measiireill be possible to include these costs as a

separate line item in internal management repodseaternal financial reports

5.5.3 Limitations of study

This studycould not test the framewors it has to be accepted by the management afatbe
study principal as part of their costing proceddies. Various changes need to be made in both
the management accounting department and the envinatal department, which goes beyond the
accessibility of this study. The case study ppatiagreed into a follow-up study which may
include the application of the framework as wellthe implementation of an Environmental
Management Accounting function within the Managetm&eccounting Department which allows

for future research possibilities.

The following recommendations for future studieswdtl be considered:

» Testing the framework in a follow up case studwamasdditional article to this research.
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* An in-depth study can be done on the implicatiofgriple-bottom-line reporting in
platinum mines on the quality of internal decisioraking. This study will require a

qualitative approach and should include multiplgecstudies.

5.5.4 Value of the study

This research has extended the current literatyiddntifying the gap experienced in sustainable
reporting. These findings can assist in furtheeaesh on the application of triple-bottom-line

reporting, linking social, economic and environnagpierformance.

5.6 Final recommendation and conclusion

Waste is the direct result of economic inefficieranyd extreme changes within the accounting
field are required to achieve sustainability thlowgo-efficiency. Through the introduction of an
environmental management accounting system it gllpossible to identify and report on two
types of information, physical information and mtarg information with regards to

environmental aspects. This will assist managerenidressing inefficiencies. If management
focus their attention on environmental performamsere opportunities will be created to increase

profitability through the application of environntahmanagement accounting systems.

Environmental costs are currently being measurepldtynum mines, but they are not classified as
environmental costs and are absorbed into the eadrtor utility accounts. Because of this,
reporting of environment costs are lacking in thiegrated statements of platinum mines. A gap
analysis on the reporting of environmental impaxiacluded this as well — monetary units of
measures in regards to environmental impacts akinkp within the integrated reports published
by platinum mines (see Table 16, pg. 97). This gaeds to be filled in order to improve the
current reporting of environmental costs at a plati mine. This study concluded with a
framework in order to attempt to close the gap tified, that will assist mining companies to
measure and report on environmental costs — in suclkiay that they can improve their

environmental and economic performance.

The central argument in Chapter 1 was that if mansnt is able to identify environmental costs
within internal management reports as well as esldntegrated reports, internal decision making
of the company will improve. This will have a ditampact on the profitability of the company

and ensure that the company are operating in areficeent manner, thus developing a
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sustainable environment. This argument was a steoggment that was confirmed from the

literature review findings in Chapter 3 as welkls case study findings in Chapter 4.

The main purpose of this study was to answer oestoun, whether a framework of measurement
and reporting of environmental costs will allow quanies to expand their current environmental
disclosures to in-detail reporting of environmenitébrmation.Can this be doneThe framework
created in this chapter will be able to assist camgs to identify the changes required within their
management accounting and environmental departmentsrder to allow for the correct
identification, measurement and allocation of emwinental costs. If this can be done within the
accounting system, it will be an easy task to extcasts that relates to environmental impacts

through the touch of a button.
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