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Platinum group metals (pgms) are increasingly used
in a wide variety of important environmentally-related
technologies (for example, catalytic converters), most of
which are expected to grow in demand as the world
develops. Over the past decade, the global mining
industry has embraced the need to incorporate sustain-
able development into projects and governance, result-
ing in a major surge in the use of annual sustainability
reporting to demonstrate such performance. The major-
ity of global pgms production is in South Africa,and this
paper assesses and analyses the sustainability report-
ing by the pgms sector. The approach to sustainability
reporting is discussed, including an assessment of the
extent and detail of reporting by pgms companies, as
well as examining the data reported and its relation-
ship to key production aspects such as ore grade and
project scale. By analysing trends in water and energy
consumption and greenhouse gas emissions, especially
in terms of per unit pgms production, critical issues
such as life cycle costs can be ascertained. Whilst sus-
tainability includes social,economic and environmental
aspects, this paper focuses on environmental aspects
only. Overall, the pgms sector certainly appears to be a
global leader in the breadth and depth of sustainabil-
ity reporting, with the continuing evolution providing a
valuable basis to understand the major issues facing
the industry and allow strategic planning for the future.

1. Introduction

The pgms possess a range of unique chemical and
physical properties. They are increasingly finding
important uses in a variety of environmentally-related
and specialty technologies, such as chemical process
catalysts (especially oil refineries), catalytic convert-
ers for vehicle exhaust control, fuel cells, electronic
components, and a variety of medical uses, amongst
others. Given the need to expand almost all of these
uses to meet environmental and technological chal-
lenges this century, demand growth for pgms can
reasonably be expected to be sustained long into the
future.
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The mining of pgm ores is through conventional
underground or open cut techniques. The next stage
is grinding and gravity-based separation, followed
by flotation to produce a pgm-rich concentrate. The
run-of-mine ore grades are typically several grams per
tonne (g t™), while concentrates are some 100s of
gt™' (1). Concentrate is then smelted to produce a pgm-
rich nickel-copper matte, with the pgms extracted and
purified at a precious metals refinery (including Ni-Cu
byproducts). The processing is therefore more analo-
gous to base metals rather than gold, which relies on
cyanide leaching and hydrometallurgy. Smelting of
concentrates from Ni-Cu mining can also be a moder-
ate source of pgms (for example in Russia and Can-
ada). Further details on pgm ore processing are given
by Vermaak (1) and Cabri (2), with a detailed review
of resources and production presented by Mudd (3).

Global production of pgms is dominated by South
Africa due to their large resources in the Bushveld
Complex, while other countries such as Russia, Can-
ada, Zimbabwe and the United States play a lesser
but important role. Historical production by country is
shown in Figure 1 (4). In South Africa, pgms are pro-
duced from the Platreef, Merensky and Upper Group
2 (UG2) reefs in the igneous Bushveld Complex (3).

The global economic reserves are estimated by the
United States Geological Survey (USGS) at 66,000 t pgms
(5), compared to 2009 production of ~465 t pgms
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and cumulative production from 1900 to 2008 of
~12)900 t pgms. A recent detailed compilation of
reported reserves and resources by project shows
~88,800 t pgms (3). Given the trend of maintaining
and expanding economic resources (6), the primary
issues for the foreseeable future will not be remaining
resources but the complex environmental, economic
and social conditions which affect production.

This paper presents a review of the pgms industry,
focussing on sustainability reporting and major envi-
ronmental costs such as water, energy and green-
house gas emissions (GGEs). The paper presents a
distinctive case study for a group of metals which are
unique in being largely concentrated in one region of
the Earth and pose some intriguing and difficult sus-
tainability issues for the future — yet these challenges
also present significant opportunities. The pgm sector
is arguably a world leader in the area of sustainability
reporting in the mining industry.

2. Assessing the Sustainability of

Platinum Group Metals

2.1 Overview

In the past decade, there has been strong growth
in annual environmental or sustainability reporting
by numerous mining companies (7-10), including
many South African and especially pgm companies.
In general, sustainability reports cover the environ-
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mental, economic and social performance of a com-
pany alongside statutory financial reporting. The
compilation and analysis of the reported data can
provide critical insights into a given mining sec-
tor, as well as valuable data for broader analyses
of other mineral commodities. This section briefly
describes the sustainability context and challenges
for mining, and outlines the methodology adopted
in this study.

2.2 Sustainability and Mining

At first glance, applying the principles of sustainability
to mining is seemingly a simple oxymoron — since min-
ing means to extract a resource which is finite and ‘non-
renewable’. The nature of mining is therefore widely
considered to be unsustainable, since it is depleting a
stock (or ‘natural capital’). The paradox, however, is
that the global mining industry is now larger than ever
in history, producing minerals and metals at a rate
which dwarfs previous generations of mines (11).

While there is evidence to suggest that many mineral
commodities have shown growth in known economic
resources over recent decades in some countries (for
example, Australia (11)) as growing demand has
encouraged exploration and developments in extrac-
tion technology — it is increasingly clear that the histori-
cal patterns of discovery and development of mineral
resources cannot simply be assumed to continue unal-
tered into the future. The primary constraints may vary
from social and governance issues in one region, to
water or energy resources in another, or GGEs globally.

The application of sustainability principles to min-
ing is therefore complex. The global mining indus-
try, as part of their contribution to the Johannesburg
Earth Summit convened by the UN in 2002, released
a major report on mining and sustainability. The ‘Min-
ing, Minerals and Sustainable Development” (MMSD)
report (12) was a major shift from arguing the histori-
cal case of growing resources over time, to a position
where mining can contribute to sustainable develop-
ment — even if a mining project is only a relatively
short to medium term endeavour compared to other
industries which are more perpetual in nature (for
example, agriculture or tourism).

Sustainability is commonly defined as ensuring the
ability of current generations to meet their needs with-
out compromising the ability of future generations to
meet their needs (i.e. the Brundtland 1987 definition
(13)). In the context of mining, this can be taken to
include the availability of resources and a productive
environment at former mining or milling sites. The
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context for sustainable development and mining can
therefore be taken back to first principles as balanc-
ing the potential environmental, social and economic
risks. Further discussion of sustainability and mining
are given in (7, 11).

2.3 Sustainability Reporting

An increasingly popular way of demonstrating per-
formance against sustainability objectives is through
sustainability reporting. This involves reporting and
discussing all aspects of performance for a given
year, covering social, economic and environmen-
tal aspects. Some mining companies, such as WMC
Resources Ltd (now part of BHP Billiton Ltd) and
Placer Dome Inc (now part of Barrick Gold Corp),
began releasing annual environmental reports in the
mid-1990s and these evolved into broader sustain-
ability reports by 2000. Since the 2002 Johannesburg
Earth Summit and the release of the MMSD report,
numerous mining companies now report sustainabil-
ity alongside statutory financial performance.

Early methods for reporting used internal company
schemes. Due to the need to ensure consistency
across companies, industry sectors or other organisa-
tions, the Global Reporting Initiative (GRI) was estab-
lished in 1997 to develop protocols and promote and
enhance sustainability reporting. The third edition
was released in 2006 (14), with a pilot mining sector
supplement in 2005 and the final mining sector sup-
plement released early in 2010 (15). The GRI protocol
is now the most common sustainability reporting tool
used by mining companies (9).

The GRI itself is voluntary, and can be applied
in whole or in part. There are five main sections
of reporting, including economic, environmental,
labour practices, human rights and social aspects.
The qualitative and quantitative indicators used for
each area are either core or voluntary. There are 30
environmental indicators in total (16), with some of
the most significant examples including:

e EN3/EN4 - direct/indirect energy consumption
by primary energy source (core);

e ENS8 - total water withdrawal by source (core);

e EN9 - water sources significantly affected by
withdrawal of water (voluntary);

* ENIO - percentage and total volume of water
recycled and reused (voluntary);

e ENI6 - total direct and indirect greenhouse gas
emissions by weight (core);

e EN21 - total water discharge by quality and des-
tination (core);
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*  EN22 - total weight of waste by type and disposal
method (core).

Overall, the emergence of and continuing improve-
ment in sustainability reporting is providing a valu-
able basis to assess the environmental sustainability
aspects of mining. PGM companies in South Africa
are certainly at the forefront in this regard, with Anglo
American Platinum perhaps showing the best quality
reporting of data and analysis (9).

2.4 Quantifying Sustainability and the
Platinum Group Metals
The availability of growing data sets on wastes, energy,
water and GGEs from sustainability reporting can be
easily combined with normal production statistics
from financial performance. In this way it is possible
to link aspects such as energy, GGEs and water costs
with ore grade, annual throughput or project configu-
ration, providing some useful benchmarks to com-
pare individual site operations and also enable the
environmental implications to be understood as pgm
production continues to grow to meet rising demand.
The ‘sustainability metrics’ used in this study are unit
consumption of energy or water per unit pgm produc-
tion (GJ kg™! pgm or m® kg™' pgm) with respect to ore
grade measured for the four elements platinum, palla-
dium, rhodium and gold (4E g t™), unit consumption of
water or energy per tonne of ore milled (m?t™! ore or GJ
t™! ore) with respect to mill throughput (Mt ore year™),
and unit output of GGEs in carbon dioxide equivalents
per unit pgm production (t COye kg™! pgm).

3. Results

3.1 Extent of Sustainability Reporting and
GRI Indicators

There are fourteen primary pgm companies, with
numerous more at the exploration stage (mostly con-
centrated in South Africa), plus four diversified min-
ing companies operating Ni-Cu-pgm projects. Of these
companies, six of the pgm and all of the Ni-Cu-pgm
companies produce an annual sustainability report,
with all companies using the GRI as their reporting
basis. The extent of reporting against GRI indicators for
these ten companies for 2009 is compiled in Table I.
For the table, a score of 0 was noted where no infor-
mation or data is provided, 1 was given for qualita-
tive information or a brief discussion of this indicator,
and 2 was given where the data and information is
fully compliant with the GRI indicator, giving a maxi-
mum score of 60. Although there are many possible
assessment approaches (for example, (17)), this sys-
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tem was considered effective to allow a comparison
of reporting performance between companies as well
as for critical indicators.

The total scores in Table I range from 10 (represent-
ing poor reporting performance) to 43 (representing
fairly strong reporting performance). Only the energy
indicators (EN3 and EN4) were assigned a perfect
score for all ten companies. All other indicators var-
ied widely. A major issue which is perhaps not imme-
diately obvious is the lack of site data given by some
companies, mainly the larger diversified companies.
In order for any data to be materially useful, individ-
ual site data is best and should be reported. This is
common practice for production.

The two top companies for sustainability reporting
were Anglo American Platinum and Vale Inco. These
are clearly the leaders in this area for the pgms sector.
Anglo American Platinum’s first report was published
in 2002 (to coincide with the Johannesburg 2002
Earth Summit), and the content and presentation
has continued to evolve over subsequent years. In
general, Anglo American Platinum released site data
up until year 2007, with the 2008 and 2009 reports
giving group totals only (the site data was provided
upon request to the present author (18)). Their group
energy consumption for 2009 is shown in Figure 2
(19), including the split between mining, milling,
smelting and refining as well as sources of energy for
each major stage and GGEs by energy source. This
is an excellent approach, and allows a quick and
substantive interpretation of energy consumption
and sources, as well as links to GGEs. Furthermore,
in their 2006 and 2007 reports, Anglo American Plati-
num presented mining, milling and smelting data by
site, as well as including site-specific energy intensity
targets, shown in Figure 3 (20). This level of detail
allows detailed analyses of energy performance,
although the 2008 and 2009 reports stopped report-
ing in this manner. In contrast, Vale Inco have always
reported by group totals and, although this allows
comparison for Vale’s performance year-on-year, this
does not facilitate direct cross-sector evaluation of
pgms production (as shown later in this paper). As
a reporting model, therefore, Anglo American Plati-
num’s provides greater depth to facilitate analysis of
key factors, trends and issues.

By comparison, Lonmin scored much lower in
Table I. However an example of their data is given
in Figure 4 (21), showing declining total energy
consumption but increasing unit energy consump-
tion.
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Fig. 2. Energy sources and consumption by production stage and greenhouse gas emissions by source
for 2009 by Anglo American Platinum (19)

Energy intensity per operation 2006 2007 Target 2007

Mines (GJ t' broken)

Rustenburg section 0.27 0.32 0.27
Amandelbult section 0.28 0.30 0.29
Union section 0.34 0.31 0.34
Lebowa 0.33 0.48 0.32
Bafokeng-Rasimone 0.23 0.25 0.24
Twickenham - 0.08 *
PPRust 0.02 0.02 0.04

Concentrators (GJ t™! milled)

Rustenburg section 0.15 0.17 0.15
Amandelbult section 0.16 0.14 0.16
Union section 0.12 0.14 0.12
Lebowa 0.15 0.16 0.14
Bafokeng-Rasimone 0.15 0.16 0.15
Mototolo - 0.17 *
PPRust 0.21 0.25 0.22
Western limb tailings retreatment 0.09 0.09 0.09

Processing plants

Waterval smelter (GJ t™' converter matte produced) 91.63 94.47 89.00
Polokwane smelter (GJ t™' funace matte produced) 28.58 31.67 30.00
Mortimer smelter (GJ t™' furnace matte produced) 50.54 39.69 53.50
RBMR (GJ t™' base metals produced) 58.94 61.12 59.40
PMR (GJ oz pgms and gold) 0.15 0.16 0.18

* No target set

PPRust = Potgietersrust Platinums; RBMR = Rustenburg Base Metals Refiners; PMR = Precious Metal Refiners

Fig. 3. Site-specific energy consumption and targets by production stage for 2007 by Anglo American
Platinum (20)
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Fig. 4. Energy by total and unit consumption
(labelled as ‘energy efficiency’) for 2009 by
Lonmin (21)

Unit energy consumption, GJ/pgm oz

3.2 Sustainability Metrics

The compiled sustainability metrics are given in
Table I, divided by mines and companies where
possible.

3.2.1 Water Metrics

The graphs of unit water costs versus throughput or
over time, shown in Figure 5, do not show strong
evidence of water efficiency gains for most projects.
That is, larger project scales do not necessarily lead to
higher water efficiency, a common belief in the min-
ing industry. Ore grade does not appear to be a factor
in unit water efficiency. Over time, most projects have
shown somewhat stagnant water efficiency, with only
Bokoni showing strong reductions in total water con-
sumption and unit water costs over time, which also
appear to be sustained. Some projects are showing the
reverse, however, such as Northam with significantly
increasing water costs over time.

3.2.2 Energy Metrics

The various graphs for energy in Figure 6 show no
substantive evidence for improved unit energy effi-
ciency at higher throughputs, despite the common
perception in the mining industry. There does appear
to be a minor negative scale effect for unit energy con-
sumption for stand-alone mine-concentrator-smelter
projects with low throughputs (i.e. smaller scales entail

10

higher unit energy costs). Ore grade does appear to be
a significant factor for unit energy consumption (corre-
lation coefficient 49.9%, Figure 6). No project studied
has shown long term energy efficiency improvements
over time, with most showing relatively stable or
slightly increasing trends. The Bokoni and Northam
projects, however, show substantive increases in
energy costs over the past few years — despite both
maintaining similar production levels and ore grades.

The low energy cost for mining at Mogalakwena
(24.4 MJ t7! rock) is due to this being an open cut
mine, while the deep Northam underground mine
(~2 km) has the highest mining energy consumption
(1414 MJ t™! rock). The data in Table Il also show that
indirect energy (electricity) is the dominant energy
input overall, with the majority of energy being used
by underground mining. This would be due to the
narrow mining techniques used, requiring large areas
of development for small returns in ore compared
to underground bulk mining techniques. Although a
relatively small percentage of Bushveld ore is derived
from open cut mines, many pgm producers have
planned expansions to incorporate open cut mines in
the future. There is a clear energy trade-off between
underground and open cut mining (i.e. MJ t! rock)
and the amount of solid wastes produced, since open
cut mining produces large volumes of waste rock (see
Section 3.2.4).
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Fig. 5. Water intensity metrics — ore processing versus ore throughput (top left); production versus ore grade
(top right), ore processing over time (bottom left); production over time (bottom right)

3.2.3 Greenhouse Gas Emissions Metrics

A moderate relationship is suggested between ore
grade and unit GGEs (correlation coefficient 28.6%,
Figure 7), while the correlation between unit energy
and unit emissions, surprisingly, yields a correlation
coefficient of 39.1% (Figure 8) — despite South Africa’s
electricity supply being dominated by coal (89.7%)
with a small proportion of hydroelectricity (5.0%)
(22). The variability could be due to different estima-
tion methods used by companies, although given the
dominance of electricity this should not be the case
(recalculation of GGEs based on reported energy con-
sumption also produces consistent results). Most of
the values which appear to be unusual (or outliers)
are mines which have only reported one or two years
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of data, or where site activities or conditions were
atypical (such as sites undergoing expansions or val-
ues reported during the electricity crisis) resulting in
lower production and higher metrics. Unit GGEs over
time show a slight but gradually increasing trend for
all projects included in Figure 7, which could also
affect the correlation between energy and emissions
intensity.

Since there is some evidence for major pgm pro-
ducers showing declining ore grades over the past
decade (3, 4), the implication is that unit GGEs will
increase further if no action is taken. It is worth noting
that some companies are now responsible for GGEs
of the order of several millions of tonnes per year —
and if development and production continue to grow

© 2012 Johnson Matthey
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Fig. 6. Energy intensity metrics — ore processing versus ore throughput (top left); production versus ore grade
(top right), ore processing over time (bottom left); production over time (bottom right)

at or close to historical rates, this will lead to major
increases in total emissions.

Based on the data in Figure 7 and Table II, the
growth in GGEs due to production increases is likely to
be much greater than the possible savings due to mine,
mill or smelter efficiency improvements. To date, it
would appear that the energy savings achieved at
most sites are relatively modest or are cancelled out by
other factors such as operational issues (for example,
the South African electricity crisis). By way of illustra-
tion, some Anglo American Platinum mines show vari-
ation within a typical range (for example, Bafokeng
and Union), while others show a gradual increase over
time (for example, Bokoni, Mogalakwena, Tumela-
Dishaba and Rustenburg Group). In other words, if
production doubles there is little evidence that exist-
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ing mines can reduce energy consumption by half.
This means that GGEs will become an increasingly
important issue as pgm production grows.

One way to address this issue may be to switch
energy production to renewable alternatives. If
current coal-derived electricity were changed to
baseload solar thermal (i.e. solar thermal plants
with heat storage), this could significantly reduce
the carbon intensity of pgms production — which, at
present, is often trending upwards due to a variety of
competing factors.

3.2.4 Mine Wastes — Waste Rock, Tailings and
Smelter Slags

The majority of pgm ore is sourced by underground
mining, with 2009 production data showing that for the

© 2012 Johnson Matthey
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Bushveld, Great Dyke and Stillwater fields underground
mining represents ~83.5% of the ore milled, with
~16.5% by open cut mining.

The two large volume mine wastes, tailings and
waste rock, both require active planning and man-
agement to prevent major environmental or social
impacts such as tailings dam failures (for example, the
1974 Bafokeng tailings disaster (23), acid and metal-
liferous drainage or other problems (for example,
dust and environmental health issues). In addition,
slag wastes from smelters are important and are com-
monly disposed of in tailings dams at pgm mines (or
slags can be reprocessed to extract residual pgms).

Given that the ratio of ore to concentrate can be
anywhere from 30:1 to 50:1, this means that some

96-98% of the ore becomes tailings. Waste rock to ore
ratios are typically high for open cut mining (between
5:1 and 20:1) and the reverse for underground min-
ing (for example, Zimplats reported a ratio of 0.03:1)
(24). At present, very little data exists on underground
waste rock generation in the Bushveld or other
mines, but the ratio could be expected to be ~0.1:1.
The waste:ore ratios reported for the Mogalakwena,
Kroondal and Marikana Joint Venture open cut mines
range from 6.9:1 to 23.7:1, leading to waste rock rang-
ing from 2.6 to 94.6 Mt year™'. During its operation, the
Ngezi open cut mine at Zimplats had a ratio of 12.5:1
(24), producing ~150 Mt of waste rock.

At present, it is rare for companies to report total mine
wastes under their control and active management.

Fig. 8. Unit greenhouse gas emissions
intensity versus unit energy intensity
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One exception, however, is Anglo American Platinum,
who reported in 2009 that their cumulative mine wastes
were 839.1 Mt of tailings, 692.8 Mt of waste rock and 5.2
Mt of smelter slags (19) — demonstrating the large scale
and significance of managing these wastes in the sur-
face environment long into the future. Studies by Anglo
American Platinum suggest that both Merensky and
UG2 tailings have a low acid and metalliferous drainage
potential, although potential drainage waters from
tailings would still be high in sulfate — meaning tail-
ings still require active environmental management to
prevent impacts on water resources. In March 2008,
the non-government group ActionAid claimed that
there is evidence for local impacts on water resources
used by surrounding communities of some Anglo
American Platinum operations (especially Mogalak-
wena) (25). In response, Anglo American Platinum
commissioned external studies to assess the extent
of water resource impacts, demonstrating that the
problems identified by ActionAid were not related to
Anglo American Platinum operations (19).

4. Discussion

4.1 Sustainability Metrics: Historical
Comparison

In 1955 the Rustenburg and Union mines processed
~1.6 Mt ore and consumed 306,000 GJ of electricity
and 2,157,000 m® of water (26). Assuming all South
African production of 11.87 t pgm in 1955 was from
these mines, this gives a yield of about 7.42 g t™! (an
ore grade of ~9.3 g t! assuming 80% recovery) and
unit energy and water costs of 25.8 GJ kg™! pgm and
182 m® kg™! pgm, respectively, plus 1.35 m® t™! ore.
Compared to recent values (Table II), this suggests
that energy costs have increased over time but
water costs have only marginally increased. The
increasing energy costs are probably related to the
gradually increasing depth of the mines and lower
ore grades.

4.2 Sustainability Metrics: Energy

With respect to energy, the data show a moderate neg-
ative correlation between ore grade and unit energy
costs — as ore grades decline the unit energy costs
increase (Figure 6). Although average 4E ore grades
in the Bushveld have not declined as dramatically as
gold ores elsewhere in South Africa, the current aver-
age ore grade of ~3.9 g t"/(4E) is marginally below
the 2009 average ore grade of Bushveld reserves and
resources of ~4.3 g t"'(4E) (3). Average ore grade
may decline as shallower but lower grade projects
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(for example, the Platreef or Great Dyke mines) are
expanded or developed in preference to deeper Mer-
ensky/UG2 projects. Therefore there will be only slight
pressure on energy costs from declining grades, and
overall, this suggests that total energy consumption
will largely be a function of pgm production. Declin-
ing grades, however, may still affect individual com-
panies or major projects.

Unlike gold mining, energy in pgm mining and
production is dominated by electricity consumption,
related to the prevalence of underground mining in
the Bushveld region and the more complex process-
ing that is required for pgm extraction. The typical
range for unit energy costs is presently 122-319 GJ kg™
pgm, with a production-weighted average of 222 GJ
kg™! pgm (based on refined production only). Most
projects show variable unit energy costs over time and
no clear trend, although 2007 to 2009 are often the
highest on record — presumably related to the South
African electricity supply crisis affecting production.
A recent study of gold mining (7) showed that the typi-
cal unit energy costs of gold ranged from 120 to 213 GJ
kg™ Au and averaged 143 GJ kg™' Au. The unit energy
costs for pgms are clearly higher than those for gold,
but not as much as could be expected based on the
differences in mining and processing.

Anglo American Platinum’s data show the split in
energy costs between mining, milling, smelting and
refining (Figures 2 and 3), showing the dominance
of the first three of the four major stages in pgms pro-
duction. In addition, the inclusion from 2006 to 2007 of
energy costs split between mining and milling is a rare
example of detailed reporting in the global mining
industry, and allows improved understanding of the
various stages of pgm mining and production. Unfor-
tunately, as individual smelter pgm production statis-
tics are not reported (for example, grade and tonnes
of concentrate processed to matte produced), it is not
possible to provide a breakdown to unit energy costs
(GJ kg™! pgm) for each major stage which could then
be expanded into a rigorous, process-based model of
pgms production.

4.3 Sustainability Metrics: Greenhouse Gas
Emissions

The unit GGEs also show a moderate negative cor-
relation to ore grade, similarly to energy — as should
be expected given the dominance of coal in South
Africa’s electricity mix. The typical range for unit emis-
sions is 25.8-78.3 t COse kg™! pgm, with a production-
weighted average of 51.2 t COse kg™ pgm (based on
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refined production only). The unit GGEs for gold typi-
cally range from 10.3 to 16.4 t COse kg™! Au and aver-
age 11.5 t COse kg™! Au (7). The significantly higher
unit GGEs for pgm production are influenced by the
high proportion of coal-based electricity for Bushveld
projects as well as the more intense processing associ-
ated with smelting and refining.

The energy and GGEs intensities of Bushveld pgm
production give rise to perhaps a unique situation in
global mining. Due to the high proportion of electric-
ity used per unit production, it should be possible to
examine future low GGE electricity sources, including
renewable energy projects like wind power, baseload
solar thermal and/or photovoltaics, to progressively
replace existing coal-based electricity. This would still
allow electricity needs to be met but provide for a sig-
nificant reduction in emissions. In contrast, gold min-
ing is often dominated by open cut techniques, for
which sustainable alternatives to diesel as an energy
source appear very limited at present. Although via-
ble energy sources in the Bushveld are outside the
scope of this study, it is clear that energy efficiency as
well as the choice of energy sources will be critical in
determining both the energy and emissions intensities
of pgms production.

4.4 Sustainability Metrics: Water
The extent of water consumption for pgms is within
typical ranges for various metals (8). In terms of water
consumed in milling, the range found in this study for
processing pgm ore is 0.18-3.39 m® t™! ore with one
project averaging some 15.6 m® t™!' ore. The average
of 1.04 m? t™! ore (excluding the single high value)
is similar to gold (1.37), copper-gold (1.22), copper
(1.27), leadzincsilver (2.67) and nickel (1.01) ore
processing (all m? t™! ore; (8)). Almost all of these ore
types undergo grinding and flotation to produce con-
centrates in a similar manner to pgm ore processing.
A perhaps surprising outcome is the degree to which
the Bokoni project has reduced water consumption
from a high of 6.07 million m?in 2004 to just 279,000 m?
in 2008 (in 2009, Bokoni became a non-managed joint
venture (JV) and water reporting reflects this change
in ownership as a full year’'s data was not available
in 2009 (18)). Most projects, however, have not been
successful in this regard, with Anglo American Plati-
num’s Rustenburg group increasing total consump-
tion of water from ~3.1 million m® between 2002-2004
to about 6 million m? in 2009 despite only a marginal
increase in production. The opportunity to save water
would appear to be very site and project specific but
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remains a critical area for future sustainability in the
pgm sector.

Despite the increasing reporting of water consump-
tion by pgm companies, it remains a challenging area
for sustainability reporting. Under the GRI, total water
consumption (EN8) and water discharges (EN21)
are core reporting indicators while impacts on water
resources (EN9) and water recycling (EN10) are vol-
untary. Very few pgm companies report on all of these
indicators in detail (see Table I), with most simply
reporting total water consumption. As such, it has not
been possible to present an account of the extent of
water recycling in pgm ore processing.

The typical range for unit water consumption per
unit pgms produced of 241-2743 m® kg™ pgm, with
a production weighted average of 800 m® kg™ pgm,
compares similarly to gold mining where production
requires an average of 691 m®kg™! Au (typical range
224-1783 m> kg™' Au) (7). The differences are prob-
ably related to ore grades, the degree of water recy-
cling and the more intensive smelting and refining
processes that are required for pgms.

A major weakness in the GRI's approach to water
aspects is that water quality is not considered, except
for external water discharges to the environment (8).
This is critical since water quality is the primary fac-
tor in determining its potential use, recyclability and
impact on the environment. At present, not all pgm
companies divulge data on the quality of consumed
water, and there is limited information on the quality
of water discharged to the environment. Anglo Ameri-
can Platinum’s statement on water resource impacts
at Mogalakwena versus those of ActionAid, discussed
earlier, are an exception in this regard.

4.5 Sustainability Metrics: Mine Wastes

The mining industry is the largest annual producer of
solid wastes globally (12, 27). The relatively low grade
of pgm ores, of the order of a few grams per tonne,
means that > 99.99% of the ore becomes solid waste.
However, despite numerous major tailings dam fail-
ures, riverine or marine disposal of tailings, or ongo-
ing acid and metalliferous drainage at innumerable
current and former mine sites around the world (12,
27-29), the GRI still does not mandate that large vol-
ume mine wastes be fully and accurately reported.
Under the main GRI protocol (14), the core indicator
for solid wastes (EN22) is typically taken to refer to
putrescible and/or hazardous wastes, such as those
sent to landfill, recycled or treated further (for exam-
ple, chemicals, oils, metals, woods, etc.) (9). The GRI
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mining and metals sector supplement (15) proposes
that ‘total amounts of overburden, rock, tailings, and
sludges and their associated risks’ (p. 33, indicator
MMS3) should be a core indicator but fails to make it
an explicit requirement to report complete data. It is
expected that only ‘hazardous’ mine wastes should be
reported, effectively leaving the reporting of large vol-
ume mine wastes at the discretion of a site ‘risk assess-
ment’ to judge what is ‘hazardous’. This is unfortunate,
since it allows an easy escape clause to avoid report-
ing such wastes. Based on a comprehensive survey of
sustainability reporting by many major mining compa-
nies, full and accurate reporting of large volume mine
wastes is a key strategic weakness across the global
mining industry (9).

Within the pgms mining sector, Anglo American
Platinum are certainly the leader with respect to
reporting mine waste data, although all pgm compa-
nies can and need to improve their reporting in this
regard. The recent controversy over the perceived
water resources impacts at Mogalakwena highlights
the importance of proactive management of large ton-
nage mine wastes, especially where these border large
local communities which depend on water resources
adjacent to mining projects.

4.6 Sustainability Metrics: Biodiversity

The reporting of biodiversity data and information
was highly variable and often poor (indicators EN11
to EN15 and EN25). Given the public prominence of
biodiversity issues, legislation and numerous inter-
national conventions or treaties and the potential
impacts of mining on protected areas and threatened
and endangered species, this is rather surprising. For
some indicators, a review of International Union for
Conservation of Nature (IUCN) information on ‘Red
List’ species is all that is required, while other indi-
cators simply require land tenure information and a
discussion of protected or high conservation areas
relative to land uses and management plans.

The best example of detailed biodiversity reporting
was by Vale Inco, who scored perfectly for indicators
ENI11 to EN15. Vale Inco provide detailed biodiver-
sity data, descriptions of their operations relevant to
specific regions or biodiversity values, and detailed
discussions of management plans. It is perhaps no
coincidence that Vale Inco has been at the forefront
of these challenges in their home country Brazil,
home of the Amazon rainforest, compared to other
companies which are in established agricultural and/
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or mining provinces where biodiversity issues have
not historically been as prominent.

5. Conclusions

This paper has reviewed the ongoing development
of sustainability reporting by the pgms mining sector,
focussing in particular on the technical basis for envi-
ronmental aspects and the trends in the reported data.
Given the strong expected growth in the long-term
demand for pgms to meet the needs of environmental
and other technologies, it is critical to understand the
existing factors which govern environmental aspects
such as carbon intensity, water costs and energy
consumption — otherwise known as unit metrics. At
present, there appears to be significant upward pres-
sure on these unit metrics, such as t CO, kg™! pgms
or GJ kg™! pgms, due to a variety of complex factors.
For example, both the ongoing South African electric-
ity crisis and the current global financial crisis have
impacted on production, commonly placing upward
pressure on unit metrics. The high proportion of coal
in South Africa’s electricity mix is also a crucial factor
in the high carbon intensity of pgms, since most pgm
ore is sourced from underground mining and is elec-
tricity intensive.

In general, the breadth and extent of sustainability
reporting by the pgms mining sector is improving over
time, especially as companies become more familiar
with reporting protocols such as the GRI, as well as the
ability to link such reporting to operational performance
and targets. Based on the present review, best practice
in sustainability reporting involves detailed and com-
plete site data as well as coverage of all GRI indicators,
even where only qualitative information is required.

In summary, this paper provides an important
insight into sustainability reporting and the pgms sec-
tor, which is certainly a global leader in this regard
compared to other major mining sectors, allowing a
valuable insight into the links between unit metrics,
such as carbon intensity, and the issues facing the
pgm mining industry such as the choice of electric-
ity source, the development of deeper mines and the
challenges of changing ore types and grades.
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