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ABSTRACT The purpose of the study was to develop a model, using data envelopment analysis (DEA), in order to
estimate the relative fediency of nine Souttfrican listed mining companies in theirfefts to convert environmental

impact into economic and social gains for shareholders and other stakehbl@esnvironmental impact factors were

used as input variables, that is, greenhouse gas emissions, water usageggndseger, and the gains for shareholders

and other stakeholders were used as output variables, that is, number of employees, taxes, donations, dividends and
reinvestmentsThe study found substantial flifences between the relativdigency of gold-mining companies and the
efficiency of all the other mining companies, where gold-mining companies were the mésteinefo convert their
environmental impact into economic and social gaite practical implication is that gold-mining companies should

use the coal- and platinum-mining companies indicated in this study as a benchmark for best practice in sustainable
development. Further research is recommended, that is, since more companies are willing to report on their environmental
impact, a similar study should be conducted to include more mining companies ffererdiectorsThis will allow a

greater discrimination between the companies due to therlguantity of data and a better comparison can be made
between mining companies in thefdient mining sectors.

INTRODUCTION topic is that it emphasises the relationship be-
tween environmental impact with social and eco-
Sustainable development focuses on the usaomic development that will provide a new-per

of resources to meet human needs and presespective to the managers of mining companies.
ving the environment, so that these needs can al- In the past, many authors (Sesble 1) chal-
so be met by future generations (Adams 2006)lenged the idea that the reduction of environ-
The World Commission on Environment and mental harm leads to an improvement in eco-
Developmens report in 1987 initiated the de- nomic performanceThese studies used fdif-
bate about sustainability and identifies three di-ent indicators to estimate economic performan-
mensions of sustainable development, namelyce, as exhibited ifable 1.
environmental, economic and social sustaina-
bility (WCED 1987).To meet the needs of fu- Table 1: Economic performance indicators used by
ture generations, these three dimensions neej8vious studies

to be integrated to address the balance betweetithor(s) Economic Performance Indicator

d|men5|0ns_0f SUStalnab"ltﬁUSta'nab'e deve- Jaggi and Freedmailet income, return on equity/ assets,

lopment relies on economic development (Shi (1992) cashflow to equity/ assets

2002), and although economists evaluate ecotart andanuja — Return on sales/ equity/ assets

nomic development dérently, its benefit, harm Brfat (1399) Market value of shares

and other consequences should be taken into a&ing and Lenox ~ Market value versus replacement
ieqi ivaiti . i il (2001) value of shares

count (Ciegis and Kareivaiti 2009). Sustainability Rivera (2001) e e

is an evolving concept, which makes itfid#filt Orlitzky et al. Corporate financial performance
to put the already adequately defined definition (2003) _ , ,

into practice by scientists and managers (AnderAmbec and Lanoie Profit, that is, cost and revenue
son and Marell 2007)The importance of the (2008)
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The above-mentioned studies all have twothe environment for future generations and ha-
aspects in common, firstlihe economic perfer  ve responded to the challenge of sustainability
mance indicators all emphasise the creation oWith the emphasis on mining, Petterson (2007)
shareholders’ value and the interests of otheindicated the “dark face” of mining as today’
stakeholders are not measured. Secortdgse  extraction of minerals, which is non-renewa-
studies all measured the strength of a linear asple, will reduce the availability of those miner
S(_)ciation be'_[ween environmenta_l performancems tomorrowand furthermore, aspects such as
with economic performance by using correlation pollution and environmental impacts may lead
analysis.The gap that this study attempts to fill to community and political unresat the other
is to use not only economic, but also sociat per end of the scale, that is, the “lighter face” of min-
formance indicators that emphasise the creatiofhg, Petterson (2007) mentioned benefits such
of value for shareholders as well as other stakezg “the development of water supplies, school,

holders. Furthermore, an alternative approachghyrch, medical facilities and buildings, health
other than the mentioned linear asso-ciation, may,rogrammes such as malaria mitigation, sport

provide other insights with regard to the interac-fagilities, scholarships, and work-related skills
tion of the sustainability dimen-sions. training and development.”

The research question is what is the relative  The interaction between the three dimens-
efficiency of SouthAfrican mining companies jqns of sustainability is also known as triple bo-
to convert environmental impact into €conomic o |ine accounting and a growing number of
and S?ff:'a' gam?fln other ngrdsd* Wh?t is the reI]‘?'companies are publishing triple bottom line and
ts|ve ﬂeml\;:l_ency of sustainable ?P\f’]e opment of g stainability reports (Brown and Fraser 2006).

outhAlnican mining companieés¥ne purpose Many companies are reporting according to the

of thle St“%yE‘Xas toddclev?]lop a data enVel?plr.nenéustainable Reporting Guidelines (GRI 2002),
analysis ( ) model where environmental im- hich are voluntary guidelines that companies

pact indicators are used as input variables an :
. : S se to report on the three above-mentioned su-
both economic and social performance indica- P

tors are used as output variabl€his is to de- f;ﬁ:gﬁgg'%gsqiesnigmf{;e Glll?db;!nzgr;ﬁggr;%_
termine the diciency of how mining companies moanies use to report on){[f?e environm@he
convert their environmental impact into eco- P P

nomic and social gains for both shareholders ang!™ ©f the GRI is to enhance the quality of su-
other stakeholders. Since this model was applie&t"’“n""bIIIty reporting (Ambe 2007).

to nine mining companies that operated in four,
different sectors, a comparison between the min
ing companies in the dérent sectors could also . .
be madeThe study found that the gold-mining _DPata Envelopmernalysis (DEA) is a non-
companies were the most ifiefent in convert- parametric linear programming technique that

ing environmental impact into economic and Measures the relativefiefency of a compara-
social gains for shareholders and other staketive ratio of outputs to inputs for each company
holders.The practical implication is that gold- (Ray 2004Avkiran 1999). Unless managers are
mining companies should use the coal- and p|aticoncerned that variables should be restricted
num-mining companies indicated in this study because they are ovespresented or undee-
as a benchmark for best practice in sustainabl@resented, common practice allows the optimi-

Data EnvelopmentAnalysis (DEA)

development. sation model to determine the weight for each
variable (Arkiran 1999). DEAis a relative di-
Sustainable Development ciency measure that accommodates multiple in-

puts, multiple outputs and other factors in a sing-

Besides a legislative approach, a strategide model (Halkos and Salamouris 200#he
approach is needed to solve the environmentalnain usefulness of DEA is its ability to identify
economic and social problem (Sendroiu andinefficient companies, to generate potential im-
Roman 1999). Changes in production and cofrovement for them and indicatdiefent com-
nsumption need to be made for sustainabilitypanies that should be used as a benchmark by
to be efective. Governments, communities and the ineficient ones (Akiran 1999).
businesses all see the importance of protecting The fundamental assumption of DEA is that
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if companyA is capable to produd4§A) units of  gas emissions consist mainly of carbon dioxide
output withX(A) inputs, then other producers (CO,) and other gases such as methane YCH
should also be able to do the same if they weraitrous oxide (NO) hafnium carbide (HFCs),
operated diciently. The core of the exercise is perfluorinated compounds (PFCs), sulphur
to find the “best” virtual producer for each real hexafluoride (S and other CQequivalents.
producer and then compare the producer to it§he water usage is the quantity that is indicated
best virtual producer in order to determine its“for primary activity only” Enelgy usage in-
efficiency. The best virtual producer is found by cludes the following: electricity purchased from
means of linear programming (Anderson 1996).the national utility ESKOM; and ergyr from
DEA effectively estimates the frontier by find- processes and fossil fuels consumed.

ing a set of linear segments that envelop the ob- The aim of the DEA model is to determine
served data. DEgan determine &fiencies from  how eficient the mining companies are in con-
an input-orientated (input minimisation) or out- verting the above-mentioned environmental im-
put-orientated (output maximisation) point of pact indicators (inputs) into economic and so-
view (Coelli et al. 2005). Furthermore, analystscial gains (outputs)Therefore, five variables
choose between using constant return to scalevere selected that are to the benefit of various
(CRS) or variable return to scale (VR®)e first ~ stakeholdersThe first is the number of employ-
implies a proportionate rise in outputs when in-ees.This includes full-time employees from all
puts are increased, in other words, a firefi- operations plus contractors working on a tem-
ciency is not influenced by the scale of opera-porary and full-time basis on the mifide sec-
tions (Avkiran 1999).This is a significant as- ond is the gross payment of taxes to the govern-
sumption, since CRS may only be valid over ament.The broader community is the beneficia-
limited range and its use should be justifiedry in this regard. Donations, where selected pa-
(Anderson 1996). “VRS implies a dispropor rts of the community are the beneficiaig the
tionate rise or fall in outputs when inputs arethird output variableThe fourth and the fifth
increased” (Akiran 1999), in other words, if a output variables are mainly to the benefit of
firm grows in size, its étiency will not stay shareholders, namely dividends and reinvest-
constant, but it will either rise or falthe suc- ments.

cessful application of the assessment of compa-

rative eficiency of companies depends on the METHOD

selection of appropriate input variables and out-

put variables (Min et al. 2009), which can be Sample and Data

related to each other (Ray 2004) and should not

be opposed to each otheut rather complem- A convenience sample of nine SoAfrican

entary (Li and Liang 2010). mining companies was selected for the study and
their annual financial information (2005 to 2009)

Data EnvelopmentAnalysis (DEA) Model was usedThe reason why only nine mining co-

mpanies were selected was due to the limited
The following summarises the DEA model environmental data available and due to the li-
that was specified, with the following input vari- mited number of mining companies that repor
ables: Greenhouse gas emissions in tons (x ted on environmental-related issues prior to
water usage in f(x,) and enegy usage in giga 2005.The nine companies operate in the follow-
joules (x). The following output variables were ing sectors of the mining industry; three in the
specified: Number of employeeqx)taxes ¥, gold-mining sector (AngloGoléshanti, Gold-
donations (y), dividends (y) and reinvestments  fields and Harmony), four in the platinum-min-
ing sector (AngloPlat, ImpalaPlat, Lonmin and
The three environmental impact indicators, Northam), one in the coal-mining sector (Anglo
namely greenhouse gas emissions, water usadeoal) and one is a diversified natural resources
and enagy usage, were used as the input vari-company (BHP Billiton). Documentary data from
ables in the DEA model, because mining com-internal company sources, such as annual reports
panies use these three indicators in their susand sustainability reports, were used to acquire
tainability reports for benchmarking. Greenhousethe information needed for this study
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DEA Methodology cal eficiencies of each mining company are gi-
ven from 2005 to 2009 hese are estimates to
The software package of Zhu (2004) is-pur indicate the diciency of each company to con-
pose-built to solve the DEA problem and wasvert the inputs (greenhouse gas emissions, water
used in this paper to generate estimates of thand enggy) into outputs (number of employees,
annual input-orientated and output-orientatedtaxes, donations, dividends and reinvestments).
technical diiciencies for each company over a

five-year periodTechnical eiciency estimates DISCUSSION

how well inputs are converted into outputs

(Avkiran 1999).The less restricteRC ap- Table 2 shows the average input-orientated
proach was used.he DEAformula is as fol- technical diciency of Platinum-mining company
lows (Zhu 2004): Oneis 0.992, implying that this company should
Input-orientated reduce its input by 0.8% without reducing its
minB-g(X § +2 §) outputsAlternatively, the output-orientated tech-
subject to’ ) nical eficiency of 1.006 implies that this com-

3 AX,+ S =6x, =12, m: pany should increase its outputs by 0.6% with-
il ° out increasing its inputs.

]1?\,vr. "= Yo r=12,..., s; Only the coal-mining company (One) was
a1 fully efficient (100 percent) for the whole pe-
= _ riod. The platinum-mining companies are the
A20 =12, 0. second most &tient with an average input-ori-
Output-orientated entated estimate for the four companies (One to
min¢ -g(2 § +3 ) Four) of 96% and an output-orientated estimate
subject to - of 104,9%.These companies were 13 out of the
S Ay +S=0x =12, m: 20 times fully eficient. The single diversified
T e company (One) is third with input- and output-
gl?\jv,i- S=0, r=1,2,..., s; orientated estimates of 92.9% and 103.9%, re-
no spectively Diversified company One was also
zA=1 three of the five years fully fi€ient. The three

Az0 F1.2,..., n. gold-mining companies have the lowesti-ef
The input-orientated formula and the outp- ciency estimates and none of them was fully ef-
ut-orientated formula calculate input minimi- ficient in any yeafThe average input-orientated
sation and the output maximisation, respectivelyestimate for these three companies is 77.5% and
(where € indicates thefigiency score). Each the average output-orientated estimate is 120.9%.
observatlonDMU (G=1,..,n), usesninputs  The eficiency of the platinum-mining compa-
X (i=1,2,..m) to producsoutputsYl(r— nies is ranked in overall second, third, fourth and
.s), and WherEDMU represents one of the sixth places, where thefigiencies of the gold-
n 'DMUs under evaluation, and andY_are mining companies are ranked in the seventh,
theith input andrth output forDMU respe- eighth and ninth places. It is also important to
ctively. In order to consider any slacks the note that the éitiency estimates of the gold-
presence of the non-Archimedemaffectively  mining companies are significantly worse than
allows the minimisation ovef to pre-empt the  all the other mining companies.
optimisation involving the slacks; ands*. [For It is not possible to compare these finding to
a more detailed discussion on the DEA meth-other studies such Ambec and Lanoie (2008),
odology see Ray (2004), Zhu (2004) and Coelli Orlitzky et al (2003), King and Lenox (2001)

et al. (2005)]. and Rivera (2001), because, although the same
topics were investigated, the aims weréedént
EMPIRICAL RESULTS and therefore the measuring methods were dif-

ferent.These other studies used the linear asso-
Table 2 exhibits the relative technicafief ciation method and could only indicate for ex-
ciency of the nine mining companies that can beample to mining-sectors whether it does / does
classified in four diierent sectorsThe annual not pay to be green for that secfidne problem
input-orientated and output-orientated techni-is that the diciency of an individual company
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Table 2: Input and output-orientated relative technical eficiency of different mining sectors

Platinum Gold Diversified Coal

Efficiency Efficiency Efficiency Efficiency

Input Output Input  Output Input  Output Input  Output
One 2005 0.962 1.031 One 2005 0.815 1.196 One 2005 0.763 1.164 One 2005 1.000 1.000
2006 1.000 1.000 2006 0.731 1.316 2006 1.000 1.000 2006 1.000 1.000
2007 1.000 1.000 2007 0.778 1.218 2007 0.881 1.031 2007 1.000 1.000
2008 1.000 1.000 2008 0.799 1.165 2008 1.000 1.000 2008 1.000 1.000
2009 1.000 1.000 2009 0.794 1.140 2009 1.000 1.000 2009 1.000 1.000

Average 0.992 1.006 Average 0.783 1.207 Average 0.929 1.039 Average 1.000 1.000
Two 2005 0.652 1.399 Two 2005 0.658 1.358

2006 0.825 1.222 2006 0.637 1.344
2007 1.000 1.000 2007 0.605 1.400
2008 1.000 1.000 2008 0.698 1.257
2009 1.000 1.000 2009 0.953 1.038

Average 0.895 1.124 Average 0.710 1.279
Three2005 1.000 1.002 Three 2005 0.883 1.091

2006 0.865 1.155 2006 0.856 1.117
2007 0.966 1.038 2007 0.757 1.221
2008 1.000 1.000 2008 0.835 1.136
2009 1.000 1.000 2009 0.823 1.134

Average 0.966 1.039 Average 0.831 1.140
Four 2005 1.000 1.000

2006 1.000 1.000

2007 0.925 1.132

2008 1.000 1.000

2009 1.000 1.000

Average 0.985 1.026 Total

Total 0.960 1.049 Average 0.775 1.209
Average

and sectors are not revealed, as being done ithe gold-mining companies were never fully ef-
this study ficient. The six most dicient companies are the
coal-, diversified- and four platinum-mining com-
CONCLUSION panies and the most iffiefent companies are the
three gold-mining companies. It was also noted
The purpose of the study was to develop ahat the dfciency scores of the gold-mining com-
DEA model to estimate the relativdiefency of ~ panies are much worse than tHcafncy scores
SouthAfrican mining companies in converting of all the other companieSherefore, the rela-
environmental impact into economic and socialtive environmental impacts of gold-mining com-
performanceTo estimate the &€iency of sus-  panies are much more than the impacts of all the
tainable development, the environmental impactother companies to generate gains for sharehold-
indicators were used as input variables and botlers and other stakeholdef$ie practical impli-
economic and social indicators are used as outeation is that gold-mining companies should use
put variablesThe limitation of the study is that the coal- and platinum-mining companies indi-
only a limited number of companies were in- cated in this study as a benchmark for best prac-
cluded, because of the fact that not all the comtice in sustainable development. Furthermore,
panies submitted sustainability reports accordfrom an input-orientated viewnanagers, inves-
ing to GRI guidelines. Clear trends could be iden-tors, business partners and the government can
tified with regard to four platinum- and three become aware of the fact that it seems that gold-
gold-mining companies. Since only one diver mining companies harm the environment to a
sified and only one coal mining-company were greater extent than other mining companies to
included, no trend could be identified. create jobs, to support the community by taxes
The study found that all the individual coal-, and donations, and create value to their share-
diversified- and platinum-mining companies holders by means of dividends and reinvestmen-
were most of the time fully &fient, whereas all  ts. From an output-orientated vigtivese share-
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holders and other stakeholders’ gains should b&oelli T, Rao DSPO'Donnell CJ, Battese GE 2008n

increased relative to the environmental impact  !ntroduction to Efficiency and Productivity Analyss.
New York: Springer

factors. Global Reporting Initiatives (GRI) 2002. Sustainable
Reporting Guidelines2"® Generation Guidelines,

RECOMMENDA TIONS Amsterdam: GRI. From <http://wwglobalreporting.
org> (Retrieved May 20, 2009).

: o -+ Hart SAhuja G 1996. Does it pay to be greém?empirical
The value of the StUdy is that this is the first examination of the relationship between emission

effort to develop a DEAmodel to estimate the reduction and firm performanc@usiness Srategy
eff|C|ency of mining companies in converting and the Environment, 5: 30-37.

environmental performance impact indicatorsHalkos GE, Salamouris SS 2004figiency Measurement

; ; ; ; of the Greek Commercial Banks with the use of
into economic and social gains for both share Financial RatiosA Data Envelopmenanalysis
holders and other stakeholdéxs more and more Approach. Managemenccounting Research, 15
companies report on their environmental impact, 201-224. From <http://wwwelseviercom/locate/

a similar study should be conducted to include  ~ mar> (Retrieved January 5, 201 ,

more mining companies from tfent sectors. Jaggi B, Freedman M 1998n examination of the impact

hi ill all discrimination b of pollution performance on economic and market
This will allow a greater discrimination between performance: Pulp and paper firmiournal of

the companies, due to thedar quantity of data Business Finance and Accounting, 19: 697-713.

and more clear dérences regarding the mining King AA, Lenox MJ 2001. Does it really pay to be green?

companies in the various sectors. An emplrlcal study of firm enwronmental and

financial performancelournal of Industrial Ecology,
5: 105-116.
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