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Productivity is a measure of production efficiency, and is the rate at which input resources are
effectively translated into outputs. There is a need to understand ways of measuring productivity
and improving productivity under changing economic conditions to ensure that the South African
mining industry is competitive. This paper illustrates the productivity trends at selected Anglo
American Platinum Limited (Amplats) mines: namely, Bathopele, Kroondal, and Mototolo. The
paper further investigates the trends in market factors and establishes the correlation coefficients
between reported measures of productivity and market factors. Such market factors include the
South African (SA) and United States (US) inflation rates, the platinum price, as well as the
exchange rate (US dollar/SA rand). Amplats reported two categories of partial productivity –
labour productivity and financial productivity. Fluctuating trends in productivity were observed
for all three mines irrespective of the measure of productivity analysed. Fundamental causes of
productivity differences between mines included stoping width, relative rock density, grade,
dilution, recovery factors (in the concentrators and smelters), metal ratios, and mine call factor. It
was concluded that labour availability and utilization are becoming increasingly important, given
the unionized nature of the mining industry. Further research into the root causes of labour unrest
and alternative mining methods and/or technologies to reduce exposure to labour unrest is
recommended.

Introduction
The Bushveld Complex (BC) in South Africa (SA) hosts
over 70% of world’s reserves of platinum group metals
(PGMs) and contributes approximately 80% to global
production. While the BC provides SA with comparative
advantage, platinum prices are set on global markets based
on free market principles. Therefore, there is a need to
monitor production efficiency in order to ensure that SA’s
platinum sector remains sustainable and competitive.
Richardson (1984) stated that measurement of productivity
is used by different groups to establish how efficiently and
optimally resources are used and translated into desired
output(s).
Mining is land-, capital-, labour-, and energy-intensive,
while platinum demand is driven largely by the need for
autocatalysts. Research is ongoing to find substitutes for
platinum in this application. While research has yielded
some results, it has not proved possible to substitute for
platinum yet. Should the substitutes become available at a
later stage, then platinum demand could decline, depending
on the ability of the platinum industry to remain
competitive. It is against this background that stakeholders
in mining are continually concerned with mine
management’s ability to use inputs effectively to translate
them into quality outputs. This involves close monitoring of
effective utilization of people, material, equipment, and
money to achieve maximum production of PGMs under
given conditions.
This paper discusses the definition and importance of
productivity as well as productivity trends at three selected

platinum mines: namely, Bathopele, Kroondal, and
Mototolo, between 2007 and 2011. The work reported here
is part of a research project carried out for an MSc in
mineral resources management at the University of the
Witwatersrand. Among other goals the project is aimed at
evaluating the impact of employment practices – this
guided the selection of the three mines. The three mines and
time period were also selected to provide boundaries for the
study. The mining industry operates in a global
environment, and the paper also considers trends in selected
market factors. The relationship between measures of
productivity and market factors is also investigated.

Productivity and its importance
An extremely important responsibility of the mining
industry in SA is to grow the economy. Therefore, it is
important to extract minerals efficiently in order to make a
profit and remain in business. Furthermore, platinum is
fungible (meaning an ounce of platinum from Bathopele is
the same as, and cannot be differentiated from, an ounce of
platinum from any other mine) and is traded on an
international market, with the need to remain competitive in
this market. Against this background, it is important to be
able to measure efficiency and weigh it against some
benchmarks, which could involve an industry analysis or a
time analysis.
Companies often compare themselves with their
competitors using cost curves and aim at positioning
themselves in the lower quartile of the cost curves. There is
a need to investigate the extension of the same concept and
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establish other productivity curves. In addition to the
financial ratios which are used to assess economic
efficiency of the company, productivity remains the
ultimate measure of production efficiency; it is defined and
measured in various disciplines including accountancy,
economics, engineering, and operations research (Rogers,
1998).
Although productivity is defined and can be measured,
companies rarely include productivity in their public
reports. This is partly due to traditional accountancy
practice, which has been concerned more with the interest
of financiers than of those who want to know how the
company can grow and prosper (Strassman, 2004). This
means that companies were more concerned about financial
risks, such as the risk of being liquidated. Hence the
emphasis in periodical reports has been on accounting
ratios.
Strassman (2004) further argued that companies that
reported productivity had done so in terms of revenue per
employee, a measure he described as not only misleading
but also inconclusive. This observation is analogous with
the following comment from the Bureau of Labour
Statistics (2011, p. 4):
‘Although the labour measures of productivity relate
output to hours of all persons in an industry, they do not
measure the specific contribution of labour or any other
factor of production. Rather, they reflect the joint effects of
many influences, including changes in technology; capital
investment; utilization of capacity, energy, and materials;
the use of purchased services inputs, including contract
employment services; the organization of production;
managerial skill; and the characteristics and effort of the
workforce.’
Commodity prices exhibit cyclic behaviour, with periods
of economic boom as well as economic depression having
occurred noted in the past. Moreover, the mining industry is
shackled with regulatory constraints, restrictive work rules,
and high labour costs, requiring mine operators to reduce
costs and improve productivity without oversupplying the
markets (Doepken, 1983). While it is still important to
retain the interest of the financiers, it is also necessary to
define, consistently measure, and monitor productivity. The
following section discusses the trend in the measures of
productivity at selected mechanized platinum mines that are
fully or partially owned by Anglo American Platinum
(Amplats).

Productivity trends
Amplats reported two categories of partial productivity –
labour productivity and financial productivity. Labour
measures of productivity reported were square metres
mined per total operating employee and refined platinum
ounces per total operating employee. Financial measures of
productivity reported were cash-on-mine cost per ton
milled, cash operating cost per equivalent refined ounce of
platinum, and cash operating costs per refined ounce of
platinum. These measures are discussed in the following
sections.

trend in square metres mined per operating employee per
month between 2007 and 2011.
Mototolo showed a steady decrease in this measure of
productivity between 2007 and 2010. This trend can be
attributed to failure to offset the increase in number of
employees with an increase in square metres mined. The
increase in square metres mined was steady, most probably
because the geological conditions at Borwa shaft
interrupted production frequently, reducing the availability
of the working faces at Mototolo.
Bathopele and Kroondal showed similar trends in square
metres mined per operating employee, which are in line
with their similar trends in square metres mined and
number of employees. Square metres mined per operating
employee declined steeply in 2011 at Bathopele and
Kroondal because during the same year, the number of
employees increased at both mines while square metres
mined decreased due to labour disputes. Figure 2 shows the
average number of employees working at the different
mines between 2007 and 2011.
The relationship between square metres mined per
operating employee and the number of employees is not a
simple inverse proportion, nor is there a direct proportion
between the square metres mined and this measure of
productivity. Table I justifies this argument as it shows the
percentage changes in number of employees, the square
metres mined, as well as in the square metres per employee.
This indicates that external factors affecting productivity
are unique to a mine and, as such, decisions based on
measures of productivity cannot be generalized across
mines unless a benchmark or a model is established.

Figure 1. Square metres mined per operating employee (Anglo
American Platinum Limited, 2011)

Square metres per operating employee
Kemp (2000) described the area mined in terms of the size
of the mine, paired with the degree of flexibility,
geographical spread, and exposure to disasters that may
affect production. The square metres mined per total
employee are affected by these factors. Figure 1 shows the
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Figure 2. Average number of employees (Anglo American
Platinum Limited, 2011)
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Table I
Variation in productivity measures between years (Anglo American Platinum Limited, 2011)

2007-2008
2008-2009
2009-2010
2010-2011

Square metres mined
Bathopele
Kroondal
8.38
1.75
8.98
-2.46
-1.83
13.10
-20.75
-16.70

Percentage change, year-on-year
Number of employees
Mototolo
Bathopele
Kroondal
Mototolo
7.08
17.34
4.71
21.96
23.14
-0.09
5.12
31.4
-11.41
-5.60
-3.06
13.02
7.58
2.07
20.09
-7.21

Table I shows that if the percentage increase in the
number of employees exceeds the increase in the square
metres mined, the overall square metres per employee will
decrease. Conversely, if both the square metres mined and
the number of employees decrease, there is a possibility of
an increment in the square metres per employee provided
that the absolute percentage decrease in the number of
employees exceeds that of the square metres mined.
The stoping width is normally determined as part of the
mine design process in accordance with the tolerable
dilution and mining method. The square metres mined in a
stope are thus a function of machine availability and/or
utilization as well as human and other factors. Human
factors can influence the number of square metres mined
‘positively’ or ‘negatively’. Therefore, it is important to
consider the factors that motivate stoping employees and
minimize the negative human factors without
compromising health and safety standards.
Due to the unique set of mine design criteria, it can be
argued that each mine has maximally utilized its inputs
within the design constraint. While square metres mined per
employee is a fairly good measure of productivity, because
it is a reflection of what is happening at the stope face, it is
important to also consider measures that link directly with
the addition of value. All the mines considered in this study
produce platinum as their primary commodity, together
with several by-products. As a result, another measure of
productivity reported is refined platinum ounces per
employee.

Refined platinum ounces per total operating
employee
Unlike the square metres per total operating employee, this
measure takes cognizance of value and is a meaningful
indicator when ore grades are similar. While this paper
focuses on the trends in measures of productivity reported
by Amplats, the project report analysed the trends in ore
grades and discussed the impact of metal ratios as well as
recovery efficiencies. Refined platinum is the final product
of the mine, and the quantity of this product is affected by
various factors along the mining value chain, including
accuracy of drilling and blasting, precision of short-term
planning input factors, grade control, quantification and
minimization of mining losses from the resource to the final
product. Figure 3 shows a comparison of refined platinum
ounces per total operating employee for the three Amplats
mines under consideration. However, note that the line
graphs for Kroondal and Mototolo include both mined
platinum and purchased refined platinum.
Refined platinum ounces per employee at Bathopele
decreased by 17%, from 59.2 ounces in 2007 to 48.8 ounces
in 2008. This drop was due mainly to lower refined
platinum output (which resulted from the closure of the

Square metres per employee
Bathopele
Kroondal
-5.73
14.17
5.41
-12.41
5.77
8.66
-20.61
-34.06

Mototolo
-1.18
-5.95
-16.46
7.58

Turffontein shaft), safety stoppages, Eskom power supply
disruptions, and contractor strike interruptions, coupled
with a 17% increase in the number of employees. This
measure of productivity then improved between 2008 and
2010, before decreasing again in 2011 due to safety
stoppages and industrial action (Anglo American Platinum
Limited, 2011).
At Kroondal, refined platinum ounces per employee
increased between 2007 and 2010 before decreasing steeply
in 2011 due to installation of a new support system (Anglo
American Platinum Limited, 2011). At Mototolo, the
refined platinum per employee declined from 2007 until
2010. This decline can be attributed to the increasing
number of employees coupled with lower refined platinum
output. This measure of productivity then improved in 2011
due to increased throughput and a 7% decrease in the
number of employees.
There are four major inputs to mining: namely labour,
material, equipment, and money. Since mining is a profitdriven business (where profit = revenue – total costs),
operating costs are a major concern in the industry.
Therefore, another commonly reported measure of
productivity is unit cost. This measure is widely used for
benchmarking mines within the industry as well as new
projects.

Unit cash-on-mine costs
Cash costs are commonly used to benchmark new or
existing projects on unit cost curves (Tholana et al., 2013).
In the context of this paper, cash costs refer to mining and
milling cost. Cost curves are normally used together with
commodity prices in order to estimate the profit margin.
Mining companies are currently aiming to be low-cost
producers, and there are several factors that can assist them
in achieving this objective. For example, instead of
focusing on ways to cut costs, the focus should be on
improving throughput by addressing the human factors.

Figure 3. Refined platinum ounces per employee 2007-2011
(Anglo American Platinum Limited, 2011)
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Figure 4 shows the unit cash-on-mine cost per ton milled
between 2007 and 2011.
Cash-on-mine costs per ton milled increased for all three
mines. Although the tons milled at Kroondal fluctuated and
showed neither a steady increase nor a decrease, the cashon-mine costs increased. Factors contributing to the
increase in costs include mining efficiencies such as
powder factor, advance rate, fragmentation, and ore/waste
handling. Moreover, variable cost elements such as metres
drilled and production rates also influence overall costs.
Human factors such as strikes as well as labour inefficiency
also increase the overall total costs and unit costs. The
higher unit costs at Kroondal compared with Bathopele and
Mototolo are a result of the lower volumes milled due to the
pre-processing at Kroondal. Figure 5 shows cash-on-mine
cost per ton broken, which eliminates the effect of
processing and spillages (transportation/ore hoisting
inefficiencies).
The cash-on-mine cost per ton broken increased
significantly in 2008 at all mines, due partly to the
economic crisis experienced in that year. Cash-on-mine
cost per ton broken increased at Bathopele and Kroondal in
2011, in line with the decrease in tons broken. Both Figure
6 and Figure 7 show similar trends for operating costs per
equivalent refined platinum ounce, as well as operating
costs per refined platinum ounce. These Figures 5, 6, and 7
highlight the escalation of unit costs at all three mines. This
escalation is concerning, and perhaps can be attributed to an
increase in fixed cost such as electricity and labour.
The highest increase in cash operating cost per refined
platinum ounce as well as per equivalent ounces of
platinum are mined ounces expressed as refined ounces.
Most platinum mines report unit costs per ounce of
platinum. However, most of these mines have numerous
by-products, and therefore cannot really be judged on the
fluctuations in the platinum price only. The mines in the
highest range of unit cost may remain in business due to
revenue generated from by-products.
Generally, there are a number of factors influencing
operating costs and production rate of mining companies,
such as mining method, infrastructure, equipment, geology,
labour, environmental, technological, and metallurgical
factors. A wide range of unit costs across different mines
can be observed, as exemplified in Figure 8.
Although Figure 8 constitutes a good benchmark,
especially in establishing which shafts should be considered
for closure, in most companies labour constitutes up to 60%
of operating costs. This calls for effective utilization of
labour as well as measurement of labour efficiency and
efficiency-based incentives, and thus a need to determine a
measure of productivity that takes account of labour
utilization. Since operating costs are quoted in rand, they
are affected by changes in SA’s inflation rates. However,
since prices are quoted in US dollars, it is important to keep
track of the changes in these market factors.

Figure 4. Cash-on-mine costs per ton milled 2007-2011 (Anglo
American Platinum Limited, 2011)

Figure 5. Cash-on-mine cost per ton broken (Anglo American
Platinum Limited, 2011)

Figure 6. Cash operating costs per equivalent platinum ounce
(Anglo American Platinum Limited, 2011)

Market factors trends
Although South Africa dominates the production of
platinum, the platinum price is set in global markets,
leaving the South African platinum sector vulnerable to
changes in global markets. While the South African
platinum mining sector is subjected to costs in rand, the
platinum price is quoted in US dollars. Thus costs may be
affected by the South African inflation rate, while prices
could be affected by the US inflation rate. Figure 9 shows
the trends in the two inflation rates.
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Figure 7. Cash operating cost per refined platinum ounce (Anglo
American Platinum Limited, 2011)
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Figure 8. Platinum cost curve 2011 (Tholana et al., 2013)

Figure 9. Trend in SA and US inflation rates (World Bank, 2013)

Figure 10. Platinum price trend (Kitco Metals Incorporation,
2013)

The fluctuations in the SA inflation rate were more
extreme than those of the US inflation rate. The SA
inflation rate lags behind that of the USA, but the gap
between the trends appears to be narrowing. A weak
positive correlation of 0.353 was found between the two
countries’ inflation rates. Most measures of productivity
showed no correlation with the US inflation rate, but
showed some correlation with the SA inflation rate,
especially the unit costs. This is because unit costs of
mining are measured in rand and, just like other costs, they
too will change with changes in the inflation rate.
The general perception is that costs should preferably
increase at the same rate as the inflation rate. However, the
South African mining industry currently operates in a
highly unionized environment, and union demands are not
necessarily based on inflation changes. Therefore, a
decrease in inflation will not necessarily lead to lower
costs, mainly because fixed cost components such as labour
increase due to union wage demands being higher than
inflation. Costs that rise faster than inflation are still
bearable when offset by steeply rising commodity prices.
However, when this is not the case, profits are crowded out
of the equation. Over time, marginal mines then become
loss-making and face closure. There is, therefore, a need for
a new, efficiency-based remuneration mix for all
employees.

Other fixed cost components such as electricity and water
also generally tend to increase each year. With labour
unrest characterizing most working environments,
providers of these services need to factor in their labour
costs as well, thus service costs are also increasing.
The platinum price increased steadily between 2007 and
2008 before it fell sharply between 2008 and 2009, as
shown in Figure 10. The price then started rising again from
2009 to 2011. There is interdependency between platinum
price and demand and supply.
Figure 10 also shows the gap between platinum price in
US dollars and in rand. It is important to note that the rand
platinum price is strongly linked to the strength of the rand.
On average, the rand was weaker in 2008 and stronger in
2011. This explains the higher and lower rand platinum
prices in 2008 and 2011 respectively. Since revenue and
profit depend on the commodity price and other market
factors, it is important to investigate the relationship
between market factors as well as between market factors
and measures of productivity.

Relationships between market factors and
measures of productivity
A strong correlation was found between SA’s inflation rate
and the exchange rate. Moreover, a strong correlation also
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exists between the rand and dollar platinum prices. This
means that local conditions that affect the inflation rate may
indirectly affect the exchange rate as well as the
profitability of mining operations. For example, labour
unrest in SA may translate into weak economic conditions
in the long run, coupled with a weak rand. Conversely, a
weaker rand will increase the gross revenue, provided the
commodity prices are high. Labour unrest also increases the
operating costs tremendously, squeezing the overall profit
margins. Table II shows the relationship between different
measures of productivity and market factors by way of
correlation coefficients.
The main reason for the fairly strong relationship
between operating margins and the US inflation rate is that
platinum prices are quoted in US dollars and are therefore
subjected to US market conditions. While operating costs
continue to rise, most mines still maintain a positive
operating margin. This is due to the presence of byproducts, which are a function of the product mix in the
mineral reserve, and these ratios affect the basket price.
This means that the operating margin is controlled more by
the platinum price than it is by the operating costs.
Moreover, the profitability of these mechanized mines is
largely controlled by the exchange rate and not
productivity.
Most of the variables compared showed very weak
correlation for the three mines under scrutiny. However,
those cases from Table II, which shows that all three mines

demonstrated a strong positive or negative correlation,
implying some sensitivity of one measure to another. An
important example is the strong correlation between cash
costs and platinum price. While it can be argued that it is a
strange relationship, it is significant and needs to be
managed.
Conclusions
Amplats measured and reported five partial measures of
productivity which included two labour-based and three
financial-based measures. The labour-based measures were
square metres per total employee and refined platinum
ounces per total operating employee. The financial
measures of productivity were cash-on-mine costs per ton
milled, cash operating costs per equivalent refined ounce of
platinum, and cash operating costs per refined ounce of
platinum.
Irrespective of the measure of productivity reported, data
analysis uncovered fluctuating trends in productivity. The
fundamental causes of these trends and difference in
productivity among three mines studied include: different
stoping widths, different geology affecting orebody
availability and utilization, grade of ore milled, and
different metal ratios. This study further found a moderate
to strong correlation between some measures of
productivity and market factors. A strong correlation
between cash costs and platinum price was found; cash
costs can and need to be managed.

Table II
Correlation coefficients for different measures of productivity and market factors
Correlation
Square metres per total operating employee per annum and operating margin
Refined platinum per total operating employee and operating margin
Cash-on-mine cost per ton broken and operating margin
Cash operating cost per equivalent refined platinum ounce and operating margin
Cash operating cost per refined platinum ounce and operating margin
Square metres per total operating employee per annum and SA inflation
Operating margin and SA inflation
Refined platinum per total operating employee and SA inflation
Cash-on-mine cost per ton broken and SA inflation
Cash operating cost per equivalent refined platinum ounce and SA inflation
Cash operating cost per refined platinum ounce and SA inflation
Square metres per total operating employee per annum and US inflation
Operating margin and US inflation
Refined platinum per total operating employee and US inflation
Cash-on-mine cost per ton broken and US inflation
Cash operating cost per equivalent refined platinum ounce and US inflation
Square metres per total operating employee per annum and platinum price
Operating margin and platinum price
Refined platinum per total operating employee and platinum price
Cash-on-mine cost per ton broken and platinum price
Cash operating cost per equivalent refined platinum ounce and platinum price
Cash operating cost per refined platinum ounce and platinum price
Square metres per total operating employee per annum and exchange rate
Operating margin and exchange rate
Refined platinum per total operating employee and exchange rate
Cash-on-mine cost per ton broken and exchange rate
Cash operating cost per equivalent refined platinum ounce and exchange rate
Cash operating cost per refined platinum ounce and exchange rate
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Mine
Bathopele
0.10
-0.29
-0.59
-0.67
-0.47
-0.07
0.58
-0.74
-0.34
-0.31
0.05
-0.49
0.73
-0.55
0.11
0.00
-0.51
0.00
-0.24
0.74
0.66
0.68
0.39
0.32
-0.33
-0.45
-0.38
-0.03

Kroondal
0.48
-0.54
-0.62
-0.75
-0.68
0.53
0.60
-0.27
-0.44
-0.45
-0.27
-0.10
0.69
-0.51
0.14
-0.06
-0.30
-0.03
0.21
0.75
0.65
0.66
0.83
0.37
0.19
-0.59
-0.49
-0.35

Mototolo
0.69
0.72
-0.66
-0.75
-0.76
0.80
0.59
0.17
-0.59
-0.47
-0.38
0.22
0.70
0.33
0.03
-0.07
-0.57
-0.06
-0.44
0.78
0.69
0.66
0.58
0.33
-0.11
-0.56
-0.44
-0.32
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The study showed that profit margins are squeezed out by
rising costs at an alarming rate. This observation is
interesting because all three mines studied are already
mechanized. One would expect that (1) mechanization
would result in better profit margins over time and (2)
productivity in mechanized mines would depend more on
equipment utilization and productivity. However, the
correlation coefficients calculated showed the strong
impact that labour productivity has on profit margins.
While these mines are fully mechanized, they still rely on
labour availability for operation. The study also concludes
that a weakening rand leads to profitability, rather than
productivity. This means profitability is affected by
political stability and other factors influencing the strength
of the rand.

Recommendations
The South African mining industry needs to be competitive
and this requires the industry to be productive at all levels,
necessitating productivity improvement at the mines.
However, there is a need to explain productivity and ensure
that it is understood at all levels along the mining value
chain. In the short to medium term, the authors suggest that
productivity needs to be improved by addressing
productivity drivers – especially human-related factors
given the unionized nature of the industry and its
vulnerability to labour unrest. This study also suggests that
mechanization on its own should not be seen as a solution
to the mining industry’s productivity-related problems.
Mechanization within an existing mining layout and/or
design will improve productivity only as much as designed
capacity allows. Therefore, in the longer run, the authors
suggest that mining methods should be revised and research
should go into developing a functional productivity model,
which could be based on either commodity or mining
method. An important question arising from this study is,
are we mechanising in the wrong mining layout?

Acknowledgements
The authors would like to acknowledge the assistance of Dr
G. L. Smith (Executive Head: Technical, Anglo American
Platinum) for granting permission to use the company’s
data as well as for his technical input in the research project
from which this paper is extracted. We also extend our
gratitude to the staff at the three mines.

BUREAU OF LABOUR STATISTICS. 2011. Productivity
and cost by industry: wholesale trade, retail trade,
and food services and drinking places industries.
http://www.bls.gov/news.release/archives/
prin1_08302012.pdf [Accessed 15 February 2012].
DOEPKEN, W.G. 1983. Timing, motivation, technology
important for improved productivity.
http://0www.onemine.org.innopac.wits.ac.za/
search/summary.cfm?d=12345678901234567890123
4567890123456789012345678901234567890123449
53&fromView [Accessed 16 April 2012].
KEMP, G. 2000. Benchmarking: a quantitative approach
to improve productivity in South African gold mines.
MSc thesis, University of the Witwatersrand,
Johannesburg, South Africa.
KITCO METALS INC. 2013. Historic London fix platinum
price.
http://www.kitco.com/scripts/hist_charts/
yearly_graphs.plx [Accessed 15 February 2013].
RICHARDSON, P. 1985. Measuring mining productivity.
Mining productivity: Proceedings no. 14 Centre for
Resource Studies, Queen's University, Kingston,
Ontario. pp. 1–14.
ROGERS, M., 1998. The definition and measurement of
productivity. http://melbourneinstitute.com/wp/
wp_pre2005/wp98n9.pdf [Accessed 28 November
2011].
STRASSMAN, P. 2004. Defining and measuring
information productivity.
http://www.strassmann.com/pubs/cw/rankings/
ip_rankings_v3.pdf [Accessed 13 March 2012]
WORLD BANK. 2013. Inflation, consumer prices (annual
%).
http://data.worldbank.org/indicator/FP.CPI.TOTL.ZG
[Accessed 15 February 2013].
THOLANA, T., MUSINGWINI, C., and NJOWA, G. 2013.
An algorithm to construct industry cost curves used in
analysing cash cost performance in South Africa
Journal of the Southern African Institute of Mining
and Metallurgy, vol. 113, no. 6. pp 473-484.

References
ANGLO AMERICAN PLATINUM LIMITED. 2011.
Integrated Annual Report 2011: Building the
Foundations for a Future through Mining. Anglo
American Platinum Limited, Johannesburg.

CORRELATION OF PRODUCTIVITY TRENDS WITH MARKET FACTORS

187

Neingo, Paskalia Ndapandula
Lecturer, University of the Witwatersrand
Paskalia N. Neingo currently lectures at the University of Witwatersrand, Johannesburg, South
Africa, where she lectures in Engineering Skills and Computerised Mine Design. She is a member
of the Southern African Institute of Mining and Metallurgy (SAIMM) and an honorary secretary
of Wits University Mining Engineers Association (WUMEA).
Paskalia has also completed the National Certificate: Rock Breaking Underground Hard RockConventional Mining with Sibanye Gold’ Kloof operations. She has also met the requirements for
the award of an MSc in Mineral Resource Management and will graduate in December 2014. Her
research interests lie in mining productivity and optimisation in mine planning.

188

‘PLATINUM METAL FOR THE FUTURE’

