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EXECUTIVE SUMMARY
The purpose of the study described in this report was to evaluate sector specific and national
outcomes which would arise from various strategic choices relating to the technique of
production used in coal mining. Terms of reference for the study were derived through multistakeholder workshops at which the scenarios around techniques of production were defined.
In essence, it was agreed to examine labour intensive mining represented by a mechanized
drill and blast method and capital intensive mining represented by bord and pillar mining with
continuous miners, as these were at the extremes of a reasonable continuum of labour and
capital intensiveness. Extreme labour intensive methods such as hand got coal winning were
regarded by all stakeholders as beyond the realms of practically implementable techniques.
It was also agreed that limited choices on capital and labour intensity exist for opencast
mining, and the scope of this study therefore was restricted to underground coal mining
operations.
In addition to comparing these two production techniques, it was decided to examine the
impacts of changing the dependence on imported supplies to support coal mining operations
by substitution with locally produced goods. This enabled the definition of four scenarios
illustrated in Figure 0.1 which could be compared with a base scenario being continuation
according to status quo.

Figure 0.1

Scenarios for evaluation

In order to obtain the key input parameters on which to base the socio-economic modelling
work, information was obtained from two mines which had labour and capital intensive
sections working under comparable geological conditions. This data permitted an
assessment of the differences between the two methods in terms of numbers of workers, skill

level profiles, cost structures, reliance on imported supplies etc. Although the cost structures
on the two mines were quite different due to the different operating circumstances, the
differences between the two production techniques were relatively consistent. This provided
confidence that the data obtained was a valid reflection of the difference between labour and
capital intensive mining. The data was calibrated to industry averages and totals based on
the current balance of labour and capital intensive mining to enable a valid model to be
developed.
The model of the impact of labour and capital intensive mining on key coal sector variables
and the requirements for imports was used to develop inputs representing the scenarios for
the NIEP macro-economic model. This model was developed under this task to disaggregate
the mining sector into three components being gold, coal and other mining. Table 0.1
provides a summary of the results of the socio-economic modelling carried out in this task.
The values presented relate to 5 years after initiating a change in sector strategy coinciding
with the time at which a complete change has been achieved. The percentages quoted
represent a change from the base scenario, which is continuation with the current status quo.
Table 0.1
Summary of socio-economic modelling results
Coal sector results

Real output
Employment
Ave real remuneration
Price
Real investment
Real labour productivity
Capital labour ratio
Profit rate

Labour intensive
Current
Reduced
imports
imports
-10,33%
-9,79%
13,88%
13,58%
-11,38%
-11,10%
2,74%
2,96%
-28,72%
-28,72%
-16,73%
-16,73%
-15,90%
-15,67%
-9,62%
-9,09%

Capital intensive
Current
Reduced
imports
imports
1,99%
3,06%
-2,68%
-3,09%
2,25%
2,79%
-0,49%
-0,15%
10,21%
10,21%
3,42%
3,42%
4,03%
4,48%
2,47%
3,41%

Labour intensive
Current
Reduced
imports
imports
0,06%
0,31%
0,63%
1,37%
-0,24%
-0,30%
0,71%
1,76%
0,04%
0,70%
0,00%
-0,08%

Capital intensive
Current
Reduced
imports
imports
0,00%
0,40%
-0,15%
1,14%
0,08%
-0,03%
-0,20%
1,66%
0,01%
1,23%
0,00%
-0,15%

Macroeconomic results

Total real output
Total employment
Total real investment
Total real household consumption
Total real imports
General price level

It is apparent that the coal sector performance is mainly affected by the choice of production
technique, with limited impact resulting from whether supplies from other sectors are sourced
locally or through imports. Through adoption of a labour intensive production technique,
output of the coal sector declines substantially while, with the substantially lower labour
productivity, employment in the sector increases. There is associated downward pressure on
wage rates as less skilled labour is used and the sector comes under economic pressure.
Profit rates are squeezed by a substantial amount. A strategy of further mechanization
introducing complete capital intensive mining leads to opposite trends.
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Macro-economic performance is strongly influenced by both the technique of production in
the coal sector and also the extent to which the coal sector makes use of imported supplies.
A combination of increased employment and decreased dependence on imports resulting
from adoption of labour intensive mining appears to act as a stimulus for economic growth as
evidenced by the increases in total real output and total household consumption. These
positive effects translate into an overall increase in the requirements for imported goods
despite the reduced requirement for imports of the coal sector. Reducing the dependence of
imports for labour intensive mining in the coal sector further enhances this trend.
It therefore appears that the adoption of labour intensive mining and reduction in the
dependence on imports would be detrimental and neutral respectively to the profitability of the
coal sector while contributing positively to national social and economic performance.
A similar but reverse pattern applies to the adoption of capital intensive production methods,
but with even larger impacts due to reducing dependence on importation as capital intensive
mining currently makes more use of imports than labour intensive.
In addition to the socio-economic outcomes which were explicitly modelled in this study, there
are a number of other implications which would arise from the different strategic trajectories.
Employment of additional workers through adoption of labour intensive techniques of
production would inevitably have the effect of exposing more individuals to hazardous
conditions. There is no definitive evidence available to this study indicating whether safety
and health risks would be different for labour and capital intensive mining, although it should
be noted that labour intensive methods would imply a greater proportion of workers in the
immediate working face area.
Coal pillar design methods indicate that about 5% less coal can be extracted safely from a
given area using drill and blast based methods than with continuous miners. Substitution of
capital intensive methods with labour intensive methods would tend to have the effect of
reducing the life of coal reserves by the same percentage all other things being equal.
Reductions in the number of people unemployed undoubtedly would have generally positive
societal consequences. While the socio-economic effects of some of these outcomes are
captured implicitly in the macro-economic modelling, explicit positive consequences have not
been determined.
The sensitivity of the findings to the most critical assumptions in the analysis was assessed to
ensure a reasonable degree of robustness in the results. This was a critical step to ensure
that the stakeholders can have confidence to potentially base strategic decisions on the
information presented. The key assumptions which were tested was how the coal price will
respond to macro-economic factors and whether locally produced supplies to the coal mining
sector can be provided at the same cost to the coal sector.
In the primary analysis, coal price was allowed to respond according to the established
macro-economic rules, and the sensitivity was tested to an alternative assumption of a coal
price which is not influenced by changes in the methods and cost structure of coal production.
This was a specific requirement of the project steering group. It was found that the results
changed to a very small extent, indicating that the results are not sensitive to that particular
assumption.
With respect to the cost at which locally produced equipment and materials could be supplied
to the coal sector, the primary analysis was conducted under an assumption that these would
be delivered at equal cost to the coal sector as current imports. The sensitivity runs tested to
what extent the outcomes would be influenced if locally produced goods were 15% more
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expensive than the imported equivalents. It was indicated that the macro-economic results
were highly sensitive to this assumption, and more in-depth studies would be required on this
specific issue to determine the value of a strategy to reduce the dependence on imported
equipment and supplies.
Table 0.2 presents a qualitative summary of the major outcomes which would result from the
adoption of different strategic directions in the coal mining and associated sectors. It is
considered that these broad outcomes coupled with the quantitative information presented
elsewhere in this report should provide a basis for the various stakeholders, both in the coal
sector and in other associated sectors, to determine a strategy through which to take
advantage of the opportunities which appear to be raised.
Table 0.2
Qualitative summary of outcomes of strategic directions
Move to labour intensive mining
Reduced profitability of coal sector
Increases in employment
Reduced average coal sector remuneration due to lower skill requirements
Stimulus for macro-economic growth
Adverse safety and health implications
Slower depletion of extractable coal reserves due to a combination of lower
efficiency of extraction and reduced annual coal output
Positive impact on societal issues
Move to reduce dependence on imports
Neutral for profitability of coal sector
Increases in employment
Neutral for coal sector average remuneration
Stimulus for macro-economic growth
Neutral safety and health implications
Neutral for rate of depletion of extractable coal reserves
Positive impact on societal issues
It is evident that the information presents some major challenges and tensions, not least
being the broader societal and macro-economic benefits which could arise from increased
employment due to labour intensive mining versus the pressure on profit rates which would
arise. In addition, the safety and health impacts and reductions in life of reserves would
appear to dilute the benefits of increased employment, although it is not possible to compare
these on an equitable basis. The establishment of local production of coal sector supplies to
a greater extent conveys fewer tensions, although the motivation to stimulate the
establishment of local manufacturing capacity would appear to reside largely outside the coal
mining sector. A critical issue in this regard, which is a major assumption in the macroeconomic modelling work is the ability to supply equipment and materials at the same price
as the current imported equivalents.
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1

INTRODUCTION

The coal mining sector in South Africa has a long history as a major employer, and has
functioned as a strategic resource underpinning South Africa’s energy requirements and
national development. More recently, the coal mining sector has increased its role as a
significant exporter and foreign exchange earner. In parallel with this, it has undergone
substantial technological changes in the techniques of production used, with associated
influence on its local and international economic competitiveness, labour and capital
productivity levels, dependence on other sectors of the South African economy, dependence
on imports, safety and health performance, environmental impact and a range of other
important parameters.
The purpose of this Coaltech task is to examine, in depth, the social and economic
implications arising from the use of different techniques of production with the primary focus
being to determine how national and sectoral employment levels are likely to be affected
through the adoption of different technological trajectories. In addition, other issues of
importance to the stakeholders in the coal mining sector will be considered although the
analysis will be of limited depth as these fall largely outside the scope of the current task.
As background to this study, a range of current and historical data are presented highlighting
key trends and influences in the history of coal mining in South Africa as well as pointing out
some factors which are likely to shape the future of the sector.
Coal usage, demand and production
Worldwide, coal is a major strategic energy resource. Coal is the major fuel used for
generating electricity, providing some 40% of the world’s electricity. In 1994, countries
heavily dependent on coal for electricity generation included those listed in Table 1.1.
Table 1.1
Countries dependent on coal for electricity generation (1999)
Country
Poland
South Africa
Australia
China
Czech Republic
Greece

% electricity
generated from
coal
96
90
84
80
71
70

Country
India
USA
Denmark
Germany
Netherlands

% electricity
generated from
coal
68
58
52
51
40

Major importers of hard coal in 1996 included the countries and regions identified in Table
1.2.
Table 1.2
Major importers of hard coal (1999)
Country
Japan
European Union (15 members)
Republic of Korea

Imports
Country
(Mtons)
133 Chinese Taipei
102 Germany
52 United Kingdom

Imports
(Mtons)
41
27
21

Of coal exported from South Africa, 52% went to Europe, and 33% to the Far East.
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Figure 1.1 shows the long term growth in South African coal sales since export sales started
becoming substantial in 1974. While major expansion of the sector was experienced from the
mid 70’s to the late 80’s, this has slowed during the 90’s, with growth in both local and export
sales having largely levelled off.

Figure 1.1 Growth of local and export coal sales
Figure 1.2 profiles the uses of coal produced in South Africa. Of the order of 90% of the
portion labelled industry usage is for the production of synthetic fuels. While all of the major
coal uses expanded slowly during the early part of the 1990’s, during the past three years,
demand has levelled off.

Figure 1.2 Sales of South African produced coal

10

Figure 1.3 illustrates the trends in coal prices in Rand terms, both for the local and the export
markets. A Rand comparison illustrates most effectively the relative value of local and export
sales.
South African coal price trend
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Figure 1.3 Prices of South African produced coal
International coal producers
Known coal reserves are spread over almost 100 countries, and, at current production levels,
these reserves will last more than 230 years. By contrast, at current production levels, known
oil and gas reserves are equivalent to 43 and 66 years respectively with 70% of the world’s
known reserves of oil and gas being in the Middle East and the CIS. Coal is thus a major
strategic resource, especially in the Western world.
Table 1.3 identifies hard coal production from the major coal-producing countries worldwide.
Of these nations, Indonesia, Colombia and Venezuela are classified as emerging producers
whose production has built up rapidly over recent years. Overall, worldwide coal production
has also increased significantly with total worldwide production in 2000 forecast at 4302
Mtons, as worldwide energy demands increase.
Table 1.3
Major Producers of Saleable Hard Coal (1998)
Country
China
USA
India
Australia
S Africa
Russian Fed

Production
(Mtons)
1029
914
290
225
224
163

Country
Poland
Ukraine
Indonesia
Kazakhstan
Others
Total
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Production
(Mtons)
112
81
74
56
298
3466

International trade in hard coal has also increased substantially, and is forecast to rise from a
level of 475 Mtons in 1996 to 561 Mtons in 2000. These increases result from changing
international demand and production patterns. Increasing energy demands in the first world
associated with declining levels of mining production in these countries largely due to
environmental intolerance of mining activity have given rise to an increasing need for
international trade.
Table 1.4 identifies the major hard coal exporting countries.
Table 1.4
Major Exporters of Saleable Hard Coal (1999)
Country

Exports
(Mtons)
172
66
54
53
34

Australia
S Africa
Indonesia
USA
Canada

Country

Exports
(Mtons)

PR China
Colombia
Russia
Poland

32
30
27
24

Employment and labour productivity trends
Figure 1.4 shows the long trends in employment and production in the coal mining sector. As
production capacity built up, the labour force required to sustain this growth correspondingly
rose, with particularly sharp increases in both labour and production during the late 1970’s.
However, over the last 20 years, the coal mining workforce has shrunk dramatically despite
saleable coal production continuing to grow.
Labour
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Figure 1.4 Employment and production trends in the coal mining sector
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Employment and production trend

Figure 1.5 examines the associated trend of labour productivity. A steady increase in
productivity is observed, with this having accelerated rapidly over the last 20 years and in
particular during the last decade. A substantial portion of this trend is to be accounted for by
the progressively increasing mechanization of the sector. However, as Table 1.5 indicates,
the changing regional pattern of coal reserve exploitation has also played a role. The data
from the earlier portion of the time period is only available for the Transvaal region which
comprises mainly Mpumalanga collieries, but also those from Northern Province. As the
balance of mining has gravitated towards Mpumalanga which historically has displayed a
higher labour productivity due to more favourable geological conditions, so the average
productivity levels of the sector have increased. Nevertheless, the increases in labour
productivity in the Mpumalanga region are of themselves dramatic.
Labour productivity trend
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Figure 1.5 Labour productivity trends in South African coal mining
Table 1.5
Comparative labour productivity by province
Labour in service
Year
1950
1960
1980
1990
1999

Transvaal
30340
29906
83471
73930
49668

Free
State
4531
15821
13527
9823
1769

Natal
19956
20580
31147
19776
3610

Production (ktons)
TransFree
vaal
State
Natal
21792
3109
5867
26329
9035
7356
87371
14023
13644
149340
16577
9063
199607
19614
2931
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Productivity
(ton/worker/annum)
TransFree
vaal
State
Natal
718.3
686.2
294.0
880.4
571.1
357.4
1046.7 1036.7
438.1
2020.0 1687.6
458.3
4018.8 11087.9
812.0

In current underground coal mining operations, it is estimated that of the order of two thirds of
mining equipment used consists of continuous miners and associated machines including
shuttle cars, feeder breakers and roof bolters. Around twenty percent of machinery is
engaged in drilling and blasting operations consisting of drill rigs, loaders and roof bolting
machines. The balance is used in longwall mining consisting of face shearers, armoured face
conveyors, hydraulic roof support and belt conveyers. It is estimated that of the order of four
fifths of underground coal mining machinery is manufactured in South Africa with the
remainder being imported. Opencast mining relies more heavily on imported machinery, with
the major capital intensive equipment being draglines.
No reliable statistics on historical capital productivity could be located for the South African
coal mining sector, although it is envisaged that capital productivity measured as tons
produced per Rand of capital equipment installed will have reduced substantially in
association with the increases in labour productivity.
Major historical and probable future influences on the coal mining sector
A number of major national and international issues have significantly affected the evolution
of the South African coal mining sector. Some of the more important are considered below.
•

Establishment of synthetic fuels technology
Synthetic fuels technology to convert coal into synthetic fuels was established by the
apartheid era South African government as a strategic measure to reduce South
Africa’s dependence on oil imports which were under threat through the potential for
UN oil embargoes. This resulted in the establishment of Sasol 1 resulting in a major
increase in the mining of coal as input to the synthetic fuel production process.
Expansion of the synthetic fuel programme by bringing Sasol 2 and 3 on line at
Secunda has accelerated the growth in coal demand.

•

Establishment of Richard’s Bay Export Terminal
The 1973-74 oil crisis provided the opportunity for South African coal exports,
particularly into Europe, as coal suddenly became a cheap substitute to oil. Given the
levels of profitability offered by exports, pressure on authorities to raise export
allocations was intense, shifting to individual companies rather than from their trade
associations.
With the opening of the Richard’s Bay coal terminal in April 1976 South Africa’s coal
exports began in earnest. For the first time in history it became economically viable to
transport low-value steam coal over long distances even though shipping costs
accounted for up to three quarters of the landed cost at the destination. Wealthy, but
resource-poor countries of the Far East and Europe began to embark on programmes
to construct coastal power stations located near deep - water terminals that utilised
imported coal instead of oil. The Capacity of the Richard’s Bay terminal was scaled
up progressively as the industry won export contracts by virtue of its reliability, pricecompetitiveness and coal quality. Between 1980 and 1987, coal export increased
from 29,2 million tons to 45,5 million tons. By 1986, South Africa had established
itself as the world’s third largest exporter of steam coal, after Australia and the United
States. Its share of the world’s steam coal market had increased from less than 4% to
approximately 30%.
The coal export terminal completed its capacity expansion to 63 Mtons in January
1997. Furthermore, agreements have been reached to further expand the terminal to
66,5 Mtons, and to increase the number of grades handled from 34 to 41. This will
require capital input of R 200 million, which would require the installation of a fourth
14

loader, and an extension to the quay. This expansion is anticipated to be completed
by early 1999. The total output for the port in 1997 was near capacity, at 62,34 Mtons
(from 58,7 Mtons in 1996). The restructuring of the national railway company,
Spoornet, and the recognition of the Richard’s Bay railway line resulted in the
formation of COAL link to provide bulk transport and haulage services of 60 Mtons per
annum to Richard’s Bay. The competitiveness of South African coal in terms of freight
rates saw a decrease of 4,5% in US$ terms. This was due to the depreciation of the
Rand in relation to the dollar, which more than offset a 4,7% increase in local rail
tariffs (from R 30,17/ton to R 31,58/ton.)
•

Mechanization of coal mining operations
During the past two decades, there has been a substantial shift in the technique of
production used in the coal mining sector, with associated major impacts on labour
and capital productivity as discussed above. Both continuous miner and opencast
mining methods have increased in importance, with associated growth in the
manufacturing sector as well as an increased dependence on imports. It is a widely
held opinion that the costs of producing saleable coal have been reduced through
these developments, although data which would substantiate this on a rigorous basis
are difficult, if not impossible, to obtain. Comparisons of mining operations under
equivalent geological conditions and other parameters are not available. However, a
positive result of mechanization is the reduced number of workers exposed to safety
and health risks, as well as a better controlled environment within which the individual
safety and health risks have also been reduced.

In the foreseeable future, a number of key influences are likely to impact on the coal mining
sector. These are discussed briefly below.
•

Availability of coal reserves
Coal reserves are abundant in the SADC region, especially in South Africa where
reserves are estimated at 55 000 million tons representing around 10 percent of all
world reserves. The total reserves in the SADC region amount to 123 000 million
tons.
With power-generation demand likely to go on rising in South Africa, despite a rather
poor near-term outlook following Eskom’s decision to close or mothball 13 of its older
power stations and delay the construction of new 3 600 - 4 000 megawatt stations, it is
important to examine how long South Africa’s coal reserves are likely to last.
Assuming growth rates of between three and five per cent, the coal used by 2030,
when estimates suggest electricity demand is likely to peak at 75 000 MW, together
with coal dedicated to future use by power stations either operating or under
construction in 40 years’ time, amounts to a staggering 30 billion tons, about half of
the country’s reserves. By that time today’s power stations will have reached the end
of their useful lives and consumed most of the coal reserves of the dedicated
collieries.
Export quality coal is expected to last until approximately 2050, although the
estimated total recoverable coal reserves of 55.3 billion tons is sufficient to last a
further 225 years at the current rate of production.

•

International Trends in Coal Usage
The counteracting future trends of increasing world population and increasing energy
efficiency are likely to result in a relatively static global energy demand. However, as
other fossil fuel energy sources are progressively depleted, it is probable that global
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demand for coal will increase, although this will be counteracted by the introduction of
alternative energy sources.
According to the report entitled Coal-Outlook to 2003-04, presented at ABARE’s
Outlook Conference in March 1999 by Peter Graham, “growing demand, strong
competition in supply and easing real prices are expected to characterise world coal
trade over the medium term”. Growth in real gross domestic product in the key
importing regions of Western Europe, Japan and non OECD Asia is likely to underpin
growth in the demand for coal to 2004.
World thermal coal trade is projected to increase at an average rate of 4,6% a year
over the next five years, primarily reflecting a return to higher rates of economic
growth in Asia. Asian economic growth is expected to continue to stimulate demand
for energy in general and thermal coal in particular. However, the outlook for the
thermal coal trade is marked with some uncertainty because the extent and impact of
government policy response to concerns and commitments for greenhouse gas
emission in the projected period cannot be determined with any certainty.
Also expected to influence the outlook for thermal coal exports is the rate of
development of coal-fired independent power projects in the developing countries of
Asia. The future of such projects is likely to help determine whether many developing
countries in Asia will be able to install, in a timely manner, the infrastructure necessary
to meet their growing electricity demands. In the Japanese electricity industry for
example, construction of all but 2 GW of the additional 19 GW of coal-fired capacity
planned to come onstream by 2004, has either commenced or is due to commence
before the end of 1999.
•

Electrification of Urban and Rural Communities
An initiative which will continue to influence local coal demand patterns is the
electrification of South Africa’s urban and rural communities. The use of electricity in
these communities will reduce low-level gaseous and particular emissions, which pose
a serious health risk. Despite the active electrification of urban communities, many
people prefer to continue using coal for cooking and heating. The government,
through the Department of Minerals and Energy, in collaboration with relevant
stakeholders initiated a low-smoke fuel programme in 1994. The aim of this
programme is to replace the use of smoky household coal with low-smoke fuel by the
year 2000, while keeping the same combustion appliances. It must be noted,
however, that the use of low-smoke fuels will result in the production of greater
quantities of carbon dioxide as a result of the energy required to manufacture them.
Two milestones in the programme are the execution of a macro-scale experiment and
the development and energy decision support model which will be applied in the
development and formulation of an integrated household policy.
In considering the local impact of electrification, indoor air quality is of vital
importance, especially when its significance for human health is considered. Results
obtained thus far indicate that children living in partially electrified areas have a 130%
higher risk of developing respiratory infection than those living in a completely
electrified areas, while children living in a non-electrified areas have a 190% higher
risk of developing respiratory infection compared to the same age group in electrified
areas.
Studies to date reveal that full electrification will result in an undetectable increase in
the acidity of rain. The net emission reduction for full electrification calculated by the
year 1998 will be in the order of 1.5Mt of carbon dioxide, 14kt of sulphur dioxide and
250kt of particulates. Electrification will thus result in the net reductions of total
emissions while substantially improving the quality of life of many individuals.
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•

Environmental impact
The focus on clean coal technology in South Africa needs to take into account the
realities of the local situation, in particular the social, economic and technical criteria
that new technologies will need to meet prior to gaining acceptance in the local
market. Coupled with these criteria are other complicating issues, such as excess
regional capacity, competing technologies and energy sources, poor awareness of
clean coal technologies, lack of infrastructure, low local coal prices, and business
interests.
Modern coal combustion facilities, such as those found at many of the nation’s electric
power plants, use equipment to remove most of the polluting elements from coal
smoke. Fly ash is removed by filters or precipitators. Flue gas scrubbers, washing of
coal and use of inherently low sulphur coals have substantially reduced the emission
of sulphur dioxide.
Research priority in Eskom is now being given to the modelling of nitrogen oxide
formation during combustion so as to understand and influence the formation of this
pollutant.
The feasibility of newer and inherent cleaner power generating technologies is also
being researched, and laboratory work will commerce during 1999 to research the
suitably of low-grade South African coals for commercial scale fluidised bed
combustion and fluidised bed gasification. The focus of the fluidised bed research will
be on assessing the fundamental reactivity of South African coal, limestone and
dolomite resources.
All these techniques represent a significant investment in maintaining clean air. A
single scrubber, for example, can cost more than $100 million to construct, and many
millions of dollars a year to operate. There are more than 140 scrubbers installed and
operating at U.S. utilities, and about 50 more planned.
As a fossil fuel, coal also contains carbon, which when combined with oxygen to form
carbon dioxide during the combustion process. Carbon dioxide is one of five major
so-called “greenhouse” gases, which help trap radiated heat back to the earth’s
surface. This “greenhouse effect” is a natural process which maintains the earth’s
temperature at a level sufficient to support life. However, recent scientific and political
debate has intensified over whether human activity, such as fossil fuel usage and
deforestation, has resulted in an acceleration of the natural greenhouse effect.
While most scientists agree that global atmospheric CO2 and other greenhouse gases
have risen in quantity over the past century, great disagreement remains over whether
these increases have already, or will ever, affect the earth’s climate. Given coal’s vital
present and future role in meeting the world’s energy needs, solutions to the concerns
over possible climate change will have to be global in nature with carefully balanced
environmental objectives including viable options for continuing to fully utilize fossil
fuels.

•

Alternative energy sources
Alternative methods of generating electricity are being seriously considered as
alternatives to substitute a portion of South Africa’s coal-fired electricity generation
programme. More and safer nuclear power stations are likely to come on stream in
the early years of the 21st century and by the year 2030 fast-breeder reactors will
probably take up part of the base-load of electricity production. In the meantime
Eskom has demonstrated with its Lethabo power station, which at times uses coal
with an ash content as high as 40 per cent, that low grade coal can be used in power
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generation, so adding up to 25 per cent to the total of the Republics’ proven coal
reserves.
Within the SADC region, a number of alternative energy sources are available,
although these account for a relatively small part of the overall region’s energy
demand. Angola is the only SADC member which produces oil, and the other
member states import petroleum. Kerosene is extensively used in rural areas for
lighting and, in the peri-urban areas, for cooking and lighting as well. LPG is also
used extensively in Angola for cooking. Discoveries of natural gas fields were
confirmed and reserves proven in Angola, Mozambique, South Africa and Namibia.
Although natural gas is still in very early stages of use in the region, some projects
have been identified and feasibility studies for the expansion of its use in the region
are under way. Wood remains a substantial domestic energy source in much of the
SADC region including South Africa. Since a few years ago, it has been widely
expressed that rural electrification is not a cost effective program to address the needs
of the rural people in terms of global approach in a whole region. However, other
alternative programs, such as harnessing of biomass resources and other renewable
resources are still in a very early stage of adoption. Although of minor importance in
South Africa, hydroelectricity represents 65 percent of the total commercial supply in
the remainder of the SADC region.
•

Labour availability
There are a number of significant factors which are likely to affect the availability of
labour over the short to medium term future. Historically, manual labour has been
readily available to the mining industry to carry out low skilled tasks under adverse,
and sometimes unacceptable, conditions. The willingness of the labour force to
accept such conditions has diminished in association with the social evolution of the
past few years, and unit labour costs have escalated substantially. It is foreseen that
this trend is likely to continue despite high levels of unemployment. In addition, the
HIV/AIDS epidemic is likely to impact significantly on the labour force, with a major
concern that a suitably skilled and trained workforce will no longer be available.

•

Equipment importation
Currently, a significant portion of the equipment required for mechanized coal mining
operations, and in particular opencast operations, needs to be imported. Key barriers
to the establishment of local manufacturing capacity are the lack of capital investment
in the manufacturing sector partly due to perceived high political risk in the SADC
region and lack of a manufacturing skills building programme. However, weakness in
the Rand mitigates in favour of establishment of local industry, with additional scope
for creation of export markets. It is foreseen that the degree to which an aggressive
drive to establish local manufacturing capacity will be a key driving force influencing
the future of the coal mining and related sectors.

In summary, from this review, it is foreseen that some of the key uncertain and major
influences which are likely to shape the social and economic future of the coal mining sector
are:
•
the techniques of production adopted
•
the degree to which local equipment manufacturing is established
•
the availability of labour at different skill levels in South Africa
•
the unit costs of labour
•
the strength or weakness of the local currency
It is likely that coal demand profiles, availability of reserves, environmental issues and
availability of alternative energy sources are relatively well constrained into the future, and
hence are not likely to have a major influence on the socio-economic situation.
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2

RESEARCH METHODOLOGY

The purpose of Coaltech task 7.14.1 is to explore the social and economic implications of
changing the balance of application of capital and labour intensive mining. In order to fulfil
the task objectives, a number of elements were followed in the task methodology.
Firstly, a review of relevant literature and other information sources was carried out to identify
historical influences and trends relating to the social and economic performance of the coal
mining and related sectors. The results of this review are presented in the introduction
section of this report.
The second stage of the work programme involved definition of the key factors which the
stakeholders envisaged as important influences on future social and economic performance.
This was carried out through workshops involving the major industry stakeholders and
resulted in definition of the scope of analysis. The key strategic issues defining the
framework were those decision variables which were likely to result in a substantial influence
on employment levels in the coal mining and related sectors. While of great importance,
those variables essentially outside the scope of the coal mining sector, or the broader
national policy makers, are to be treated as exogenous influences.
The third major phase of the work programme involved the development of social and
economic models which consider the impact of the major strategic decision variables
identified in the preceding stage. This component of the research methodology involved
collecting substantial amounts of data from mines as well as from national records to prepare
appropriate models both at the intra-sectoral level as well as addressing cross-impacts with
other sectors of the economy. A data driven micro model of the effects of the key variables
had to be generated at coal mining sector level, whereas, at the national inter-sectoral level,
an advanced econometric model developed over many years by National Institute for
Economic Policy was used as a basis for the modelling exercise. This model had to be
expanded to identify coal mining separately from other commodities in the mining sector.
The final portion of the work involved analysis, using the two models developed in the
preceding stage, to determine the social and economic consequences of adopting capital or
labour intensive techniques of coal production under a range of scenarios covering the major
uncertainties which may affect the relative merits of the possible technology trajectories. This
stage of the work involved significant participation by stakeholders to generate shared
understanding of the major mechanisms operative in the modelled outcomes. The final
conclusions from this stage of the work consider how adoption of capital or labour intensive
techniques of production are likely to affect overall employment levels both in the coal mining
sector and at national level.
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3

RESULTS

3.1

Scope and framework of analysis
The task brief calls for social and economic implications to be examined in terms of
the following parameters:
•
•
•
•
•
•
•
•
•
•
•

employment levels in the coal mining sector
skill levels of jobs in the coal mining sector
purchase of capital equipment by the coal mining sector
stores required by the coal mining sector
services required by the coal mining sector
employment created in sectors providing inputs to the coal mining sector
skill levels of jobs created in sectors providing inputs to the coal mining sector
capital investment requirements in sectors providing inputs to the coal mining
sector
value of imports of equipment and stores
impact of change in local coal selling price on sectors using coal as an input
impact on life of coal resources

These parameters comprehensively describe the overall social and economic impact
of different approaches to coal mining at a national level in South Africa, as well as
pinpointing the effects on different sectors of the economy.
In order to run the micro and macro economic models to evaluate the effects of capital
and labour intensive coal mining, a set of scenarios needed to be established. As
always in this type of study, details of the scenarios selected were not critical to the
insight which would be gained, provided that they represented sufficiently realistic
options at the extents of the continuum to be examined. The most critical aspect in
developing the scenarios remained selection of the most appropriate variables. The
variables selected were therefore those, which most influenced the capital or labour
intensiveness of coal mining, and fell into one of two categories being those under
control of the industry, and those externally imposed.
Based on interactions with senior coal mining industry representatives, it was
concluded that the technique of production is the dominant variable which should be
examined in the first instance. This variable is seen as the most important controllable
variable within the coal mining sector which would impact significantly on the capital or
labour intensiveness of mining operations. Despite an in-depth consideration of the
situation, the project team and industry representatives could not identify any other
controllable or uncontrollable factors, which would have a major effect.
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Figure 3.1.1 Key variables for establishment of analysis framework scenarios
An additional variable which does not directly affect the coal mining sector, but will
have an impact on the broader national socio-economic impact, is the extent to which
a local mining equipment and services supply industry is established. This variable
provides the second dimension for construction of the initial scenarios. The scenario
framework is illustrated in Figure 3.1.1.
The following paragraphs provide short descriptions of the scenarios defining the
scope and framework for modelling and analysis.
Scenario 1 – Labour intensive techniques of production with no expansion of local
manufacturing support
Coal mines revert to coal breaking processes based on the use of drill and blast
technology. Mobile drilling rigs are used typically with LHD loaders feeding tipping
points on to section conveyor belts. These techniques of production are applied in all
underground operations, with mobile roof bolting facilities integrated into the drilling
rigs. Appropriate technologies are implemented to ensure that health and safety
standards are maintained to an equivalent level as with continuous miner sections
currently.
Existing local manufacturing capacity is converted from supplying continuous miners,
road headers, longwall machines and draglines to servicing the new mobile
equipment, and any equipment which cannot be supplied based on this infrastructure
is sourced through import.
It will be assumed that a significant re-capitalization of the coal mining industry will be
required to achieve this change, although this will be offset to some extent by
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recoupment of the remaining value of some of the currently deployed capital
equipment.
Scenario 2 – Labour intensive techniques of production with expansion of local
manufacturing support to remove need for imports
This scenario is identical to Scenario 1 except that the local manufacturing industry
expands its infrastructure and skills base to eliminate any dependency on imported
equipment or spares.
Scenario 3 – Capital intensive techniques of production with no expansion of local
manufacturing support
In this scenario, all coal mines mechanize and automate their operations to the
maximum extent reasonably practicable. Opencast mines would use draglines for
overburden removal, with truck and shovel for coaling.
Underground operations would use high extraction methods such as longwall or ribpillar extraction. Where continuous miners are used, shuttle cars will be used for
transporting coal to the section conveyor loading point. On-board roof bolting will be
used where possible. Labour productivity will be optimised wherever possible through
use of automation technologies.
Local manufacturing capacity will remain at current levels, with those manufacturing
facilities currently supporting labour intensive operations being converted, where
possible, to service requirements of mechanized mining.

Scenario 4 – Capital intensive techniques of production with expansion of local
manufacturing support to remove need for imports
This scenario is identical to Scenario 3 with the exception that a local manufacturing
capacity, comprising infrastructure and skills, will be established wherever possible to
remove the requirement for import of equipment or spares.
These scenarios define relatively extreme limits in terms of labour intensive and
capital intensive coal mining. As data is gathered, the extent that these scenarios can
be practically applied to different types of coal deposit will become apparent.
Parameters such as,
•
•
•
•
•
•
•
•

coal depth,
seam height,
in-situ coal quality,
extraction ratios,
in-seam geology,
floor and roof conditions and topography,
overburden geology and
required production rate

may limit the extent to which these scenarios can be applied. For example, technical
factors may prevent a deep, or high seam, deposit from being mined by labour
intensive methods. The scenarios may need to be modified to accommodate these
effects to ensure that they remain within the bounds of practical reality. However, it
will remain important to analyse the economic and social implications of any
technically practical scenario, even if the outcomes prove strongly negative.
23

3.2

Model of effects of production technique on labour and capital in coal mining
The objective of the model is to provide various coal sector inputs to the South African
economy model developed by NIEP (National Institute for Economic Policy) such that
changes in the coal mining sector arising from adoption of alternative production
techniques and mining equipment manufacturing approaches can be examined in a
macro-economic context. The NIEP model is sector based, ie mining, manufacturing,
petroleum etc., and does not include the mining detail required to meet the aims of
this study, ie the economic implication of selecting capital or labour intensive methods
of coal production.
The coal mining sector model was developed required to reflect the impact of the
scenarios presented in section 3.1 on key economic and social variables. These
variables included those specific to the coal sector as well as dependencies of the
coal sector on other sectors of the economy. Downstream effects were not included
in the model as it was assumed that the coal mining sector would produce essentially
the same product under any of the scenarios, although at a different price depending
on the mining costs. The macro-economic model determines the overall demand for
coal production which may be different under the various scenarios as a response to
the social and economic trends which in turn are influenced by the coal mining
sector’s social and economic performance.
Coal is produced from two sources, namely surface and underground mining. In
general, surface mining can be considered as capital intensive, which enables huge
tonnages to be mined economically. The replacement of capital equipment with
labour intensive mining methods for surface coal deposits would not be economically
feasible and as such surface mining is not considered in this study.
In underground mining four techniques of production have been identified as the major
ones to be considered are as follows:
• Longwall
• Shortwall
• Bord and pillar continuous miner
• Bord and pillar conventional drill & blast
Longwall and shortwall mining are both capital intensive by design and are generally
used to mine areas with specific characteristics. These two mining methods are not
amenable to the replacement of capital equipment with labour and are also not
considered in this study.
Bord and pillar mining by conventional drill and blast is the only method that is
considered as labour intensive, while bord and pillar mining by use of continuous
miners is capital intensive rather than labour intensive. For this reason, these two
mining techniques are the main focus of the analysis and the development of the coal
mining sector model.
Figure 3.2.1 shows a schematic of the mining techniques used for the production of
coal.
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Figure 3.2.1 Mining techniques for coal production
In order to evaluate the economic implications of adopting capital or labour intensive
techniques of production, data was required specific to each technique of production
in the following domains:
•
•
•
•
•

Employment levels per unit production
Skill levels of jobs
Equipment used per unit production
Stores required per unit production
 Spares
 Consumables
Outsourced Services required per unit production

It was important that the data obtained would provide a reliable comparison between
the different techniques of production with respect to the variables identified above.
Also of importance was that the data should allow a comparison between two or more
of the techniques of production in a common environment. For example, seam
widths, geological conditions, mining depths and other external variables should be as
consistent as possible between the sections in which the techniques are being
compared. This “apples with apples” comparison allowed the model to be calibrated
to an “industry average” for each technique of production even if the mines providing
data were not entirely representative.
The stakeholders of Coaltech 2020 were reluctant to give complete costs and it was
agreed that any cost data would be given as a percentage and the mine would remain
anonymous. However, in terms of employee numbers and division of skill levels, it
was agreed that actual figures would be given. Labour was divided into mining and
engineering, and each of these was further sub-divided into job skill categories, ie
managerial/supervisory, senior skilled and skilled. The breakdown for labour, spares,
consumables and outsourced services were requested to make up at least 80% of the
total working cost. A pro-forma, presented in Figure 3.2.2, for capture of the required
data was sent to the participating mines to be completed and returned. Follow up
reviews were carried out with the mines to discuss the information and to clarify
certain areas in the data.

25

Technique of production
Overall statistics for a typical section or group of sections
Total working cost per ton mined
Capital equipment investment per million tons
per annum production capacity
Tons produced per employee per annum
Statistics for the mining process up to loading on the section conveyor for a typical section or
group of sections
Tons produced/annum
Manpower employed in the section
Number
Monthly cost
% management, supervisor and professional
% skilled
% unskilled
Manpower involved in engineering support functions specific to the section up to the conveyor
Number
Monthly cost
% management, supervisor and professional
% skilled
% unskilled
Major capital equipment (cover only top 80% of capital employed)
Most common equipment type
Number
2nd most common equipment type
Number
3rd most common equipment type
Number
4th most common equipment type
Number
5th most common equipment type
Number
Major spares usage/annum (cover only top 80% of cost incurred)
Most common spares type
Number
2nd most common spares type
Number
3rd most common spares type
Number
4th most common spares type
Number
5th most common spares type
Number
Figure 3.2.2 Pro-forma for obtaining data from collieries

26

Major consumables usage/annum (eg electricity, water, picks, explosives, fuel, lubes, tyres,
roofbolts, etc) (cover only top 80% of cost incurred)
Most common consumables type
Number
2nd most common consumables type
Number
3rd most common consumables type
Number
4th most common consumables type
Number
5th most common consumables type
Number
Major outsourced services usage/annum (cover only top 80% of cost incurred)
Most common service type
Cost
2nd most common service type
Cost
3rd most common service type
Cost
4th most common service type
Cost
5th most common service type
Cost
Please provide any observations on variables not covered above which would differ substantially
from one technique of production to another method to method, and would be relevant to
assessment of the social and economic implications of selecting labour or capital intensive coal
mining methods.

Figure 3.2.2 (cont)

Pro-forma for obtaining data from collieries

Data was received from two of the three mining groups which were approached during
the study and covered bord and pillar mining for continuous miners (capital intensive)
and conventional drill and blast (labour intensive). The data was analysed and
summarised under the following headings;
-

-

-

Labour – Mining
o Managerial/Supervisiory
o Senior skilled
o Skilled
Labour – Engineering
o Managerial/Supervisory
o Senior skilled
o Skilled
Spares
Consumables
Outsourced services

The data collection focused on acquiring data where the technique of production
would exert a major influence on its value. Data on other parameters, such as
employment levels and costs other than on the direct mining and mining support
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processes, both labour and running costs, which would not be dependent on the
technique of production, were apportioned pro-rata on tonnage to the two production
techniques based on overall mine statistics. Table 3.2.1 provides a summary of the
data.
Table 3.2.1
Summary of data from mines
Continuous Miners
Group 1
Group 2
Production tons/month
557 050
148 176
Total manpower employed
1 457
321
Mining manpower
406
102
Management, supervisory
53
12
Senior skilled
93
18
Skilled
260
71
Cost (R)
1 654 779
502 410
Engineering manpower
160
Management, supervisory
13
Senior skilled
142
Skilled
5
Cost (R)
1 259 197
Balance of labour
891
219
Estimated cost (R)
4 252 184
1 042 488
Spares (R)
2 643 626
626 614
Consumables (R)
2 065 138
544 325
Outsourced Services (R)
3 420 532
2 025 790
Total estimated working cost (R) 15 295 456
4 741 627

Conventional D&B
Group 1
Group 2
222 516
104 483
758
325
357
170
18
10
29
14
311
146
1 301 641
778 970
45
11
34
0
404 040
356
155
1 698 965
735 088
841 691
456 719
1 383 699
749 713
1 478 279
1 437 932
7 108 315
4 158 422

As a result of different reporting systems in the Groups, it should be noted that Group
2 included the engineering manpower in the mining manpower. It should also be
noted that the total estimated working cost reflected in the above table includes all
mine labour but only those spares, consumables and outsourced services which are
directly affected by the technique of production. Mining and engineering labour are
data provided directly from the mine records, in the case of mining manpower based
solely on numbers employed in the specific sections, and in the case of engineering
labour based on professional judgement of the workload attributable to different
sections in centralized workshops. The balance of labour was determined from
overall mine employment statistics and apportioned based on the tonnage produced
by each technique.
Table 3.2.2 shows a summary of the estimated working costs translated into a Rands
per ton basis.
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Table 3.2.2
Estimated working costs

Mining manpower
Engineering manpower
Balance of manpower
Total manpower
Spares
Consumables
Outsourced services
Total estimated working cost

Continuous Miners
Group 1
Group 2
2,97
3,39
2,26
0,00
7,63
7,04
12,86
10,43
4,75
4,23
3,71
3,67
6,14
13,67
27,46
32,00

Conventional D&B
Group 1
Group 2
5,85
7,46
1,82
0,00
7,63
7,04
15,30
14,50
3,78
4,37
6,22
7,18
6,64
13,76
31,94
39,81

Group 2’s overall costs are generally higher than Group 1’s due mostly to a
significantly higher component of outsourced services. By contrast, Group 1’s
manpower costs are slightly higher than Group 2’s, possibly indicating that Group 2
has outsourced certain services which are performed by mine labour on Group 1. The
differences between continuous miner and conventional drill and blast are relatively
consistent between the two groups which provides confidence that the data are
sufficiently representative of the difference. In addition, the differences between the
cost distributions are also relatively similar. Overall, mining by conventional drill and
blast appears to be some 20 to 25% more expensive than by continuous miner.
The data presented in Table 3.2.1 also permitted estimation of average monthly wage
rates for continuous miner and conventional drill and blast mining operations. The
wage rates presented in Table 3.2.3 are averages between the two groups for the two
production techniques and cover all labour attributable to the production by the
method concerned. The difference between the monthly wage rate for capital
intensive mining and labour intensive mining is due to the greater percentage of senior
skilled manpower required for continuous miner operations.
Table 3.2.3
Estimated monthly wage rates
Monthly wage rate
Group 1
Group 2 Average
4918
4813
4866
4492
4659
4575

Production technique
Continuous miner
Conventional drill and blast

In order to evaluate the dependence of the coal mining sector on other sectors of the
South African economy, it was necessary to split the working cost components into
local and imported content, using an estimate for each of the components in the mine
working cost.
Spares, consumables and outsourced services cost components were broken down
into the major items as given by the mines and each item was allocated a local and
import content value as a percentage. The cost allocation for each item is presented
in Table 3.2.4 for conventional drill and blast mining as an average between the two
groups.
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Table 3.2.4
Local and imported content for labour intensive mining method
Cost component
Spares
Shuttle car spares
Loader spares
Section conveyor
Roofbolter spares
Coal cutter spares
Hydraulic components
Total
Consumables
Explosives
Water & electricity
Roofbolts
Petroleum products
Total
Outsourced services
Machine overhauls
Machine hire
Labour services
Total

Cost %

% imported

Cost allocation
local
import

43,4
20,4
16,5
8,4
8,3
2,8
100,0

50
50
25
50
50
75

21,7
10,2
12,4
4,2
4,2
0,7
53,4

21,7
10,2
4,1
4,2
4,2
2,1
46,6

41,8
22,1
23,7
12,4
100,0

20
0
10
80

33,4
22,1
21,3
2,5
79,4

8,4
0,0
2,4
9,9
20,6

40,5
1,4
58,1
100,0

50
0
0

20,2
1,4
58,1
79,8

20,2
0,0
0,0
20,2

Thus, the overall local content for the Spares component in labour intensive mining is
53,4 %.
Table 3.2.5 provides parallel information for capital intensive mining.
Table 3.2.5
Local and imported content for capital intensive mining method
Cost component

Cost %

% imported

Cost allocation
local
import

Spares
CM spares
Shuttle car spares
Roofbolter spares
Section Conveyor
Feeder Breaker spares
Hydraulic components
Section Conveyor
Total
Consumables
Water & electricity
Roofbolts
Picks
Petroleum Products
Total
Outsourced services
Machine overhauls
Machine hire
Labour services
Total

39,3
26,3
16,6
9,5
4,3
2,0
2,0
100,0

60
60
45
40
60
75
75

15,7
10,5
9,1
5,7
1,7
0,5
0,5
43,8

23,6
15,8
7,5
3,8
2,6
1,5
1,5
56,2

35,4
28,7
22,1
13,9
100,0

0
10
20
80

35,4
25,8
17,7
2,8
81,6

0,0
2,9
4,4
11,1
18,4

60,9
1,1
38,0
100,0

70
0
0

18,3
1,1
38,0
57,4

42,6
0,0
0,0
42,6
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Comparison of Tables 3.2.4 and 3.2.5 reveals that capital intensive mining is more
dependent on imports than labour intensive mining. By combining the information
presented in Table 3.2.2 with that in Tables 3.2.4 and 3.2.5, the Rand per saleable ton
cost may be determined and broken down into a local and imported element for each
cost source.
In order to produce a model which is representative of the coal mining sector, it was
necessary to calibrate to sector statistics. South African coal production, cost and
labour statistics were therefore correlated to the data derived from the two mines
which provided the data for comparison of the mining methods. Sectoral data for
calendar year 1998 were used for this purpose.
In 1998, South African coal production totalled 289 million tons in 1998, from which
224 millions tons of saleable coal was produced. The revenue from coal sales was
R18 555 million. Production was derived from 66 mines situated in 9 coalfields. Table
3.2.6 shows the production details of run-of-mine (ROM) and saleable tonnages.
Table 3.2.6
Run of mine and saleable production by coalfield (tonnages in kilotons)
Coalfield
Witbank
Highveld
Waterberg
Ver/Sasolburg
Eastern Transvaal
Klip River
Utrecht
Nongoma
Vryheid
Soutpansberg
Total

No. of
Mines
38
7
1
2
6
5
1
1
4
1
66

ROM
% ROM
Saleable % Saleable
Production Production Production Production
172 967
59,75
107 394
47,94
54 551
18,84
73 492
32,81
27 457
9,48
19 150
8,55
19 888
6,87
13 400
5,98
7 580
2,62
5 180
2,31
2 199
0,76
2 670
1,19
2 016
0,70
1 100
0,49
1 129
0,39
800
0,36
1 063
0,37
484
0,22
629
0,22
330
0,15
289 479
100,00
224 000
100,00

The Witbank Coalfield produced the majority of the coal, 60 % ROM and 48 %
saleable tons respectively, followed by the Highveld Coalfield with 19 % and 33 %.
The production comes from both underground and surface mines. The total tonnage
produced from underground is 121 million tons out of a total of 224 million tons, which
is 54,1%, the balance being produced from surface mining.
In the underground mines the coal is produced by the following methods;
1.
2.

Bord and pillar, using;
a. Continuous miners and road headers
b. Conventional mechanised drill and blast
Longwall and shortwall.

Table 3.2.7 shows which production method was used to obtain the saleable tons
from underground mining operations in the various coal fields.

31

Table 3.2.7
Saleable production by underground mining method (kilotons)
Coalfield
Witbank
Highveld
Ver/Sasolburg
Waterberg
E. Transvaal
Klip River
Utrecht
Nongoma
Vryheid
Soutpansberg
Totals

Bord and pillar
Longwall & shortwall
Total
underRH &
Short
D&B
Total Develop Longwall
Total
ground
CM'S
wall
37 600
9 620 47 220
1 000
0
2 800
3 800 51 020
48 192
1 100 49 292
2 700
5 900
2 800 11 400 60 692
1 250
0
1 250
0
0
0
0
1 250
0
0
0
0
0
0
0
0
700
2 980
3 680
0
0
0
0
3 680
0
1 890
1 890
100
430
0
530
2 420
500
300
800
0
0
0
0
800
300
300
600
0
0
0
0
600
0
460
460
0
0
0
0
460
330
0
330
0
0
0
0
330
88 872 16 650 105 522
3 800
6 330
5 600 15 730 121 252

The bord and pillar method produces 105 million tons (87% of the underground
tonnage), which accounts for 47,1% of the total production.
In surface mining, coal is produced by;
1.
2.

Dragline,
Truck and shovel operations.

Table 3.2.8 shows the tonnage breakdown for surface mining.
Table 3.2.8
Saleable production by surface mining method (kilotons)
Coalfield
Witbank
Highveld
Ver/Sasolburg
Waterberg
E. Transvaal
Klip River
Utrecht
Nongoma
Vryheid
Soutpansberg
Totals

Dragline
46 140
12 800
13 900
0
0
0
0
0
0
0
72 840

Truck &
Shovel
10 234
0
4 000
13 400
1 500
250
300
200
24
0
29 908

Total
56 374
12 800
17 900
13 400
1 500
250
300
200
24
0
102 748

The Witbank coalfield produces nearly 50 % of the coal mined from surface methods.
Surface mining accounts for 45,9 % of the total production.
Table 3.2.9 provides a summary of saleable production resulting from the various
mining methods as percentages of underground tons and total tons produced.
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Table 3.2.9
Percentage breakdown for mining methods
Mining Method
RH & CM'S
D&B
Longwall development
Longwall etc
Short wall
Total Underground
Total Surface
Total

Production
88 872
16 650
3 800
6 330
5 600
121 252
102 748
224 000

% U/G
73,30
13,73
3,13
5,22
4,62
100,00
-

% Total
39,68
7,43
1,70
2,83
2,50
54,13
45,87
-

The coal produced by road header and continuous miners (RH and CM’s) accounts
for nearly 40% of the total coal mined while the long/short wall mining only produced
approximately 7%. It should be noted that road headers and continuous miners also
carry out the longwall development, which amounts to 1,7% of total production.
However, as this is a relatively small quantity, it has remained with the long/short wall
production. The conventional mechanised “drill and blast” mining method produces
some 7,4% of the total mined tonnage.
The saleable production statistics presented in Table 3.2.9 provide a basis for
amalgamating the data of Tables 3.2.1 to 3.2.5 to coal mining sector level, and
thereby calibrating, or normalizing, labour and cost statistics to the current status of
the coal mining sector.
Table 3.2.10 provides details of labour in employment on collieries in 1998.
Table 3.2.10
Labour employed on coal mines
Labour employed
Labour in service
Labour at work
Males underground at work
Males opencast at work
Workshops, washing, etc
Females at work
Production workers at work

1998
58 016
55 630
25 675
8 030
19 948
1 977
33 705

From Table 3.2.10, it may be deduced that 37 543 employees are attributable to
underground mining operations, with the balance of 20 473 attributable to surface
mining. These numbers are derived by taking the workforce specific to underground
or opencast and adding a proportion of the labour at work not specific to underground
and opencast on a tonnage pro-rata basis. For underground operations, the
underground component of the workforce is 25 675, with an additional 11 868 from
other activities mainly on surface in the coal processing activity.
The labour productivity statistic for underground operations is therefore 3 230 saleable
tons/worker/month. Table 3.2.11 provides average productivity statistics for the
groups in the study with some additional data relevant to longwall mining and permits
normalization of the model to a sector level. The labour productivity figures for the
mines participating in the study were on average higher than for the sector as a whole.
The labour productivity was therefore downgraded by the same factor for each
production technique such that the resulting model could be regarded as
representative of the sector.
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Table 3.2.11
Comparative labour productivity by production technique
Production
technique
RH & CM'S
D&B
Long/shortwall
Total/average

Saleable Tons Model labour
productivity
88 872
5 061
16 650
3 692
15 730
6 502
121 252
4 951

Labour

Normalized
productivity
3 301
2 408
4 241
3 230

17 560
4 510
2 419
24 489

Normalized
labour
26 921
6 914
3 709
37 543

The normalized labour productivity figures in Table 3.2.11 provide a basis for
examining the effect of changes in the balance of capital and labour intensive mining
on labour productivity and overall numbers in employment.
Average monthly wage rates and skill level distribution are also key parameters which
are influenced by the technique of production. Table 3.2.12 provides the skill level
distribution and average wage rate for each production technique. The average wage
rate determined from the data provided by the participating groups compares closely
to the average wage rate for the coal sector of R 4 869, indicating that no
normalization is necessary.
Table 3.2.12
Comparative skill level distribution and wage rate by production technique
Production
technique
RH & CM'S
D&B
Long/shortwall
Average

Skill level distribution
Managerial/
Supervisory
13%
8%
35%
14%

Senior Skilled
27%
12%
27%
24%

Skilled
60%
80%
38%
62%

Average
monthly wage
rate
4 866
4 575
5 304
4 856

The overall expenditure on spares, consumables and outsourced services by the
groups involved in the study also matches reasonably with macro-economic data for
expenditure by the coal sector on other sectors and on imports when scaled up to
sector level, and it was therefore judged not necessary to normalize these values.
The model for capital and labour intensive mining is summarized in terms of costs in
Table 3.2.13.
Table 3.2.13
Cost model on Rand per ton basis
Component
Labour
Local
Import
Local
Consumables
Import
Local
Outsourced services
Import
Total
Spares

Capital intensive
R/ton
%
17,73
49,5
1,97
5,5
2,52
7,0
3,01
8,4
0,68
1,9
5,68
15,9
4,22
11,8
35,81
100,0

Labour intensive
R/ton
%
22,87
52,2
2,18
5,0
1,90
4,3
5,31
12,1
1,38
3,1
8,14
18,6
2,07
4,7
43,85
100,0

In Table 3.2.14, the expenditure on the various types of spares, consumables and
services have been mapped onto other sectors of the economy and aggregated.
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Table 3.2.14
Cost model relationships to other sectors
Sector
Coal mining
Engineering/manuf
Power
Local
Petro
Chemical
Other
Sub-total
Engineering/manuf
Import Petro
Chemical
Sub-total
Total

Capital intensive
R/ton
%
17,73
49,5
5,38
15,0
1,30
3,6
0,10
0,3
0,00
0,0
3,87
10,8
28,39
79,3
7,01
19,6
0,41
1,1
0,00
0,0
7,42
20,7
35,81
100,0

Labour intensive
R/ton
%
22,87
52,2
5,67
12,9
1,48
3,4
0,17
0,4
2,24
5,1
6,07
13,8
38,50
87,8
4,12
9,4
0,66
1,5
0,56
1,3
5,35
12,2
43,85
100,0

Using average wage rates, skill level distributions appropriate to the coal mining
sector and upstream sectors and averaged wage rates appropriate to the skill level
distribution, the data from Table 3.2.14 was translated into job equivalents as
presented in Tables 3.2.15 and 3.2.16 for capital and labour intensive mining. It
should be noted that the job equivalents derived for overseas jobs are based on a
South African wage rate. Some assumptions would be required on relative labour
productivities and wage rates before conclusions are made on how many South
African jobs could be created if the currently imported items were manufactured
locally.
Table 3.2.15
Job equivalents in other sectors for capital intensive mining
Skill level
Sector
Skill level distribution
Coal mining & services
Other upstream sectors
Jobs
Coal mining
Engineering/manuf
Power
Local
Petro
Chemical
Other
Sub-total
Engineering/manuf
Power
Import Petro
Chemical
Other
Sub-total
Total

Managerial/
Supervisory

Senior Skilled

Skilled

Total

13%
8%

27%
89%

60%
3%

100%
100%

3 499
405
98
8
0
474
4 484
528
0
31
0
0
559
5 043

7 267
4 508
1 093
86
0
985
13 938
5 875
0
343
0
0
6 217
20 155

16 148
152
37
3
0
2 188
18 528
198
0
12
0
0
210
18 738

26 913
5 065
1 228
96
0
3 647
36 949
6 601
0
385
0
0
6 986
43 936
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Table 3.2.16
Job equivalents in other sectors for labour intensive mining
Skill level
Sector
Skill level distribution
Coal mining & services
Other upstream sectors
Jobs
Coal mining
Engineering/manuf
Power
Local
Petro
Chemical
Other
Sub-total
Engineering/manuf
Power
Import Petro
Chemical
Other
Sub-total
Total

Managerial/
Supervisory

Senior Skilled

Skilled

Total

8%
8%

12%
89%

80%
3%

100%
100%

553
80
21
2
32
86
774
58
0
9
8
0
75
849

830
890
233
26
351
128
2 459
647
0
104
88
0
839
3 298

5 533
30
8
1
12
856
6 440
22
0
4
3
0
28
6 468

6 916
1 000
262
29
395
1 071
9 673
727
0
117
99
0
943
10 616

The data presented in the tables above reflect the current situation in the coal mining
sector, and provide the basis for determining what changes in overall employment,
skill level distribution, mining costs, average wage rates etc would take place in
response to the analysis framework scenarios presented in section 3.1.
3.3

Model of interactions of coal sector with other sectors of the SA economy
The first version of the NIEP macroeconomic model was built in the early 1990's
during the Macroeconomic Research Group (MERG) period. The primary objectives
of the NIEP model are to capture the special underlying features of the economy; to
be a multi-purpose model used for forecasting long run resource allocation strategies
and sensitivity analyses; and to highlight structural changes necessary to
accommodate various policy objectives in the long run. The model was expanded in
1996 to include 5 income groups, 10 occupational categories and 5 classes of labour.
Moreover, the model was revised and new programmes were written during this period.
The new version of the model improves the 1996 version by including an enhanced
structure, a statistically more advanced estimation technique, and more recent data.
Through this Coaltech task, the mining sector was disaggregated into three subsectors being coal mining, gold mining and other mining, so that the effects of
changes in the coal mining sector could be assessed. For a more detailed
presentation of the structure of the NIEP macroeconomic model, refer to Adelzadeh,
2001. Adelzadeh (1998) provide a comparative study of the features of four South
African macroeconomic models, including the NIEP model.
The primary advantages of a macroeconomic model lie in the ability (a) to capture the
inter-linkages that exist between sectors of the economy, micro- and macro-economic
variables, policy variables, and the various protagonists in the economy (e.g.
government, labour, business), and (b) to study potential effects of alternative economic
policies (e.g., effects of changes in government tax and expenditure policies, introduction
of minimum wages).
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In the NIEP model, these inter-relationships are captured based on strong theoretical
principles. Moreover, the model analyses 38 sectors of the economy, ranging from
agriculture to mining (three sectors: gold and platinum mining, coal mining and other
mining), manufacturing (28 sectors) and services sectors (7 sectors). The scale of the
model comprises:
(a) 38 industries
(b) 43 categories of investment (38 sectoral and 5 aggregates)
(c) 43 categories of employment (38 sectoral and 5 aggregates)
(d) 43 categories of remuneration rates (38 sectoral and 5 aggregates)
(e) 43 categories of outputs (38 sectoral and 5 aggregates)
(f) 43 categories of exports (38 sectoral and 5 aggregates)
(g) 43 categories of imports (38 sectoral and 5 aggregates)
(h) 103 categories of prices
(i) 21 categories of consumption goods
(j) 5 income classes
(k) 50 Categories of employment linked to 5 income quintiles
The list of the 38 sectors of the economy is provided in Table 3.3.1 below.
Table 3.3.1
The 38 Sectors of the Macroeconomic Model
Category
Agriculture
Mining

Manufacturing

SIC Code
11-13
21
23
22, 24, 25
301-304
305
306
311-312
313-315
316
317
321-322
323
324-326
331-333
334
335-336
337
338
341
342
351
352
353-355
356-359
361-366
371-373
374-376
381-383
384-387
391
392

Sector
Agriculture, forestry and fishing
Coal mining
Gold, uranium and ore mining
Other mining
Food
Beverages
Tobacco
Textiles
Wearing apparel
Leather and leather products
Footwear
Wood and wood products
Paper and paper products
Printing, publishing and recorded media
Coke & refined petroleum products
Basic chemicals
Other chemicals & man-made fibres
Rubber products
Plastic products
Glass & glass products
Non-metallic minerals
Basic iron & steel
Basic non-ferrous metals
Metal products excluding machinery
Machinery and equipment
Electrical equipment
TV, radio & communication equipment
Professional & scientific equipment
Motor vehicles, parts & accessories
Other transport equipment
Furniture
Other manufacturing industries
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Table 3.3.1 (cont.)
The 38 Sectors of the Macroeconomic Model
Category

Services

SIC Code
41-42
51-53
61-63
71-72
81-83
93, 97, 98
99

Sector
Electricity, gas, steam and water
Construction, civil engineering and other construction
Wholesale & retail trade, catering & accommodation services
Transport, storage and communication
Financial intermediation, insurance, real estate, and
business services
Other community, social & personal services
Other services

Figure 3.3.1 provides a simplified flow chart of the NIEP Macroeconomic Model, which
indicates the major directions of causality. It must be emphasized that the model
represents a highly non-linear, dynamic system, which is not captured in the figure.
The following sections provide brief presentations of the behavioural equations that are
designed to capture the behaviour of different modules of the model under the headings
outputs, investment, prices, employment and real wage rates, exports and imports,
financial market, household income and consumption, government sector and
accounting relationships. The model form in each of these areas was derived through
application of the methodology described later in this section of the report.
Outputs
A time series estimation procedure, which is described later in this section, estimates
real output for the 38 sectors of the economy. The table below highlights variables that
were found to have an empirical relationship with outputs, given the established theories
of output determination. After following the estimation procedure, each sector’s real
output was found to be a function of only a few of the variables in Table 3.3.2.
Table 3.3.2
The Output Determinants

Macroeconomic Variables
Demand-Side
Variables

Sector-Specific Variables
Macroeconomic Variables
Supply-Side
Variables

Sector-Specific Variables

Macroeconomic Variables
Other
Variables
Sector-Specific Variables
Source: NIEP Estimations.
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Total Fixed Domestic Investment
Private Fixed Domestic Investment
Public Fixed Domestic Investment
Government Fixed Domestic Investment
Real Gross Domestic Expenditure
Household Consumption Expenditure
The Ratio of Government Expenditure to GDP
Sectoral Investment
Sectoral Exports
Sectoral Imports
None
Sectoral Capacity Utilisation
Sectoral Labour Productivity
Sectoral Capital Productivity
General Price - GDP Deflator
Real Effective Exchange Rate
Total Employment
Average Real Wage Rate
Sectoral Price Deflators
Sectoral Employment
Sectoral Real Wage Rate

Figure 3.3.1 A Graphical Presentation of the Interrelationships in the NIEP
Macroeconomic Model
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The coal sector's demand output was found to be determined by a number of
variables, which are listed in Table 3.3.3. These variables were applied to all sectors
including the coal sector. For this sector's output, we found that labour productivity
has a positive effect on coal production. Moreover, total investment in the economy,
the general price level and the lagged sectoral price level all have a positive effect on
output in the coal sector. On the other hand, imports and the real effective exchange
rate have negative effects on output.
Table 3.3.3
The Output Determinants for the Coal Sector
Demand-Side
Variables
Supply-Side
Variables

Macroeconomic Variables
Sector-Specific Variables
Macroeconomic Variables
Sector-Specific Variables

Other
Variables

Macroeconomic Variables

Sector-Specific Variables
Source: NIEP Estimations.

Total Fixed Domestic Investment
Sectoral Imports
None
Sectoral Labour Productivity
General Price - GDP Deflator
Real Effective Exchange Rate
Sectoral Price Deflator (lagged by one period)

Investment
The gross investment function is estimated for each of the 38 sectors of the economy.
Table 3.3.4 provides a list of economic variables that were initially postulated to have a
potential empirical relationship with investment, given theories and empirical studies on
determinants of investment. Each sector’s gross investment was found to be a function
of a distinct number of these variables. Adelzadeh and Nicolaou (2001) provide a more
detailed analysis of the specification and estimation of the investment equations of the
NIEP macroeconomic model.
Table 3.3.4
The Investment Determinants

Macroeconomic Variables
Demand-Side
Variables
Sector-Specific Variables

Financial
Variables

Macroeconomic Variables
Sector-Specific Variables
Macroeconomic Variables

Cost/Profit
Variables
Sector-Specific Variables

Total Output
Total Exports
Total Imports
The Ratio of Government Expenditure to GDP
Sectoral Output
Sectoral Exports
Sectoral Imports
Real Interest Rate
Private Sector Credit Extension
Real Effective Exchange Rate
None
Average Profit Rate
Average Real Wage Rate
The Ratio of Government Revenue to GDP
Sectoral Profit Rate
Sectoral Profit Rate Differential
Sectoral Real Wage Rate
Sectoral Depreciation

Source: NIEP Estimations.
Table 3.3.5 highlights the coal sector's investment determinants. Among the variables
which were found to have negative effects on the coal sector investment are: the real
effective exchange rate, total imports, and the real interest rate. On the other hand,
40

depreciation, credit extension to the private sector and total exports have a positive
effect on investment in this sector.
Table 3.3.5
The Investment Determinants for the Coal Sector
Demand-Side
Variables

Macroeconomic Variables

Financial
Variables

Macroeconomic Variables

Cost/Profit
Variables

Sector-Specific Variables

Sector-Specific Variables
Macroeconomic Variables
Sector-Specific Variables

Total Exports
Total Imports
None
Real Interest Rate
Private Sector Credit Extension
Real Effective Exchange Rate
None
None
Sectoral Real Wage Rate
Sectoral Depreciation

Source: NIEP Estimations.
Figure 3.3.2 highlights the direct and indirect linkages between output and investment
in the coal sector, using the sector's investment and output equations. As explained
above, each of the two equations highlights direct linkages between the sector's
output or investment to other variables. However, since investment in the coal sector
is found to be a significant determinant of the sector's output, all the variables that
directly influence investment, therefore, indirectly influence coal sector output as well.
For example, since a rise in the real interest rate is found to negatively effect
investment in the coal sector, and coal sector investment is positively related to the
sector's output, the rise in the real interest rate will indirectly (by reducing investment
in the sector) leads to a fall in the coal sector output.
Prices
A price deflator is determined for each one of the 38 sectors of the economy using
econometric estimation techniques. The variables that were used as explanatory
variables in the estimation procedure are listed in Table 3.3.6. Specific theoretical
propositions (e.g., demand push or supply pull theories of inflation) were used to justify
the inclusion of a given variable in the pool of variables we used to statistically relate to
the sectoral price dynamic.
Table 3.3.6
The Price Determinants
Demand-Side
Variables
Supply-Side
Variables
Financial
Variables
Other
Variables

Macroeconomic Variables
Sector-Specific Variables
Macroeconomic Variables
Sector-Specific Variables
Macroeconomic Variables
Sector-Specific Variables
Macroeconomic Variables
Sector-Specific Variables

Source: NIEP Estimations.
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Total Output (GDP)
Real Gross Domestic Expenditure
Sectoral Output
None
Labour Productivity
Capital Productivity
Money Supply
None
GDP Price Deflator
Average Wage Rate
Sectoral Price Deflator
Sectoral Wage Rate

Figure 3.3.2 A Graphical Presentation of the Relationship between Output and
Investment for the Coal Mining Sector
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As determinants of the domestic coal price, only two of the above variables were
found to be significant, namely the sectoral average real remuneration rate and labour
productivity. The remuneration rate was found to have a positive effect on prices,
while an increase in labour productivity was found to have a negative effect on the
coal sector price level. The influence of both factors on the coal price relates to their
opposite effects on the unit production cost. A rise in the average real remuneration
rate in the coal sector will lead to higher unit cost, thus higher unit price for the coal.
At the same time, a rise in the labour productivity in the sector reduces unit production
cost, thus allowing for a decline in the sector's price.
Employment and Real Wage Rates
In the section on estimation methodology, the underlying theoretical argument and
empirical procedures used for the estimation of the employment equations in the NIEP
model are explained. In addition to the 38 employment equations, the labour market
module of the model includes 38 estimated equations for the average real wage rates of
sectors of the economy.
The sector specific variables that determine employment in the coal sector are; the
sectoral average real remuneration rate, the capital-labour ratio, Gross Domestic
Fixed Investment in coal as well as exports of this sector. The real wage rate has a
negative effect on employment, in other words increasing the real wage rate yields
decreases in employment in the coal sector. This is due to the fact that greater
proportions of employees in the coal sector are semi-skilled or unskilled. Similarly, an
increase in the capital-labour ratio has a negative effect on employment. On the other
hand, Gross Domestic Fixed Investment and exports have a positive effect on
employment.
Wages are also determined using the econometric estimation method for each one of
the 38 sectors. The sectoral wage determinants are listed in Table 3.3.7 below. For the
coal sector, there are only two significant determinants of wages, namely labour
productivity and the price of coal. Both have positive effects on wages in the coal
sector.
Table 3.3.7
The Wage Determinants

Demand-Side
Variables

Macroeconomic Variables
Sector-Specific Variables

Supply-Side
Variables
Other
Variables

Macroeconomic Variables
Sector-Specific Variables
Macroeconomic Variables

Sector-Specific Variables
Source: NIEP Estimations.

Total Employment
Real Gross Domestic Expenditure
GDP Price deflator
Sectoral Employment
Sectoral Price Deflator
None
Labour Productivity
Capacity Utilisation
Real Effective Exchange Rate
Average Real Wage Rate
Sectoral Real Wage Rate

Exports and Imports
Econometric estimation techniques were used to determine the demand for exports for
each of the 38 industries. The determinants of exports are listed in Table 3.3.8 below.
OECD output and sub-Saharan output have both been converted to Rands, in order to
represent foreign demand for South African exports. On the other hand, total and
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sectoral output represent the capacity to produce, and are therefore supply-side
variables. Three dummy variables were used for several sectors as well as a time trend
variable.
The coal sector exports was found to be a positive function of the sector’s output and
a negative function of the total output in the economy, implying that economy-wide
output growth while increases domestic demand for coal, it leads to reduction in coal
exports.
Table 3.3.8
The Export Determinants

Demand-Side
Variables

OECD Output (in Rands)
Sub-Saharan Output (in Rands)
Ratio of Foreign Direct Investment to GDP
Total Imports
Sectoral Imports
Total Output (GDP)
Sectoral Output (GDP)
Export Subsidy
Export Tax
Real Effective Exchange Rate
Nominal Effective Exchange Rate
1985 Dummy
1994 Dummy
1995 Dummy
None

Macroeconomic Variables
Sector-Specific Variables
Macroeconomic Variables

Supply-Side
Variables

Other
Variables

Sector-Specific Variables

Macroeconomic Variables

Sector-Specific Variables
Source: NIEP Estimations.

The import estimations for the 38 sectors used a string of variables in order to determine
the level of imports. The factors are highlighted in Table 3.3.9. These variables were
used to estimate sectoral imports.
Table 3.3.9
The Import Determinants

Demand-Side
Variables

Total Output (GDP)
Total Exports
Foreign Direct Investment
Sectoral Output (GDP)
Sectoral Exports
None
None
Real Effective Exchange Rate
Nominal Effective Exchange Rate
None

Macroeconomic Variables
Sector-Specific Variables

Supply-Side
Variables

Macroeconomic Variables
Sector-Specific Variables

Other
Variables

Macroeconomic Variables

Sector-Specific Variables
Source: NIEP Estimations.
Financial Market

The model uses flow of funds to capture, on the one hand, the behaviour of firms,
households and government in the financial market, and on the other, to establish links
between the financial sector of the economy and the real side. Furthermore, in the NIEP
model financial wealth is distributed among the corporate sector, households and the
government using portfolio allocation theory. The financial wealth in the NIEP model is
composed of government bonds, firm’s equity, money and foreign assets with similar
specification for the banking sector's loans to the three agents. Demand for a given
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asset depends on the current real interest rates relative to the last period’s real interest
rate, the growth in nominal income of firms, and the rate of depreciation/appreciation of
the rand. It is important to realise that many financial variables (e.g. interest rates, credit
extension and exchange rates) have been used to determine investment, output, prices,
exports, imports, employment and wages across the sectors. Thus, the financial sector
is linked to the sectoral analysis and to the various agents of the economy.
Demands for money generated by firms, households and government depend on the
economic activity and the rate of return on other assets. For example, firms' demand for
money is a positive function of an increase in firms' transaction demand for money,
captured by changes in firm income, and a negative function of the domestic currency
depreciation, which reflects firms' speculative demand for money. Households' demand
for money depends positively on the increase in its income, and negatively on change in
the real rate of interest and the rate of depreciation of the Rand. Government's demand
for money rises proportionally to change in its transaction demand for money, reflected in
the change in its income.
In the model, the money supply is endogenously determined, passively responding to the
total money demand in the economy. Therefore, there is no explicit equation for
evolution of money. However, the Reserve Bank’s broad discretionary power to affect
interest rate allows the government to influence the supply of money.
Distinction is made between the determination of the prime overdraft rates and two longterm interest rates, the bond rate and the mortgage rate. The prime overdraft rate is
determined by augmenting the type of reaction function that Taylor (1993) used to
characterise the behaviour of the U.S. Federal Reserve Board. Taylor assumes that the
Reserve Bank raises the short term real interest rate when there is a gap between the
actual inflation rate and the inflation rate that the Reserve Bank is willing to accept, and
when there is a gap between output and target output. Added to this formulation is an
asymmetric policy rule along the lines suggested by Clarida and Gertler (1996) where
the coefficient used to reflect the response of the Reserve Bank to the inflation gap is set
to be larger when the inflation gap is positive compared to when the inflation gap is
negative, allowing for an asymmetric policy response.
Demands for loans from the corporate sector and households are formulated similarly to
their demand functions for other financial assets.
Exchange rate responses to the balance of payments condition (i.e. the current account
plus the net capital inflow) depend on the extent that the Reserve Bank is willing to
participate in the foreign exchange market to preserve a given value for the country's
currency. To the extent that the Reserve Bank does not intervene in the foreign
exchange market, the exchange rate depreciates or appreciates when the balance of
payment is negative or positive, respectively.
In each period, the country's total foreign debt is equivalent to the sum of its current
account deficit and the revaluation of its last period's foreign debt using the change in the
exchange rate.
Household Income and Consumption
Household income is calculated using total compensation of employees (derived from
sectoral employment and wages), dividends, government transfers, interest income and
transfer payments from the rest of the world.
The NIEP model includes 26 consumption equations. The Total Private Consumption
Expenditure has been broken down into four categories of consumption on durable,
semi-durable, non-durable, and services. The four categories of consumption have been
further broken down into 21 categories of private consumption expenditures, following
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the Reserve Bank’s classification. An explicit equation for the determination of
expenditure in each of the 21 categories of goods and services has been estimated. The
explanatory variables used to estimate the 21 consumption equations are listed in Table
3.3.10. These variables include total household expenditure; the lagged dependent
variable; relative prices (GDP Deflator); net financial assets of households; real interest
rates; the real effective exchange rate and real disposable income. Households saving
is calculated as a residual, i.e., as the difference between households income and
consumption.
Table 3.3.10
The Consumption Categories
Furniture, household appliances, etc
Personal transport equipment
Durable Goods
Recreational and entertainment goods
Other durable Goods
Clothing and footwear
Household textiles, furnishings, glassware, etc
Semi-Durable Goods Motorcar tyres, parts and accessories
Recreational and entertainment goods
Miscellaneous goods
Food, beverages and tobacco
Household fuel and power
Household consumer goods
Non-Durable Goods
Medical and pharmaceutical products
Petroleum products
Recreational and entertainment goods
Rent
Household services including domestic servants
Medical services
Services
Transport and communication services
Recreational, entertainment and educational services
Miscellaneous services
Source: South African Quarterly Reserve Bank Bulletin, September 2000.
Government Sector
The government sector of the NIEP model is disaggregated, especially on the
expenditure side. Government expenditure is broken down between ten economic
functions with each function's expenditure divided into current and capital expenditures.
Furthermore, many of the government policy instruments are used as sectoral
determinants in the econometric estimations of investment, output, prices, employment,
wages, imports and exports. Hence, the variables are strongly linked to the
government's fiscal, trade, industrial, and labour relations policies. Moreover, the role of
the Governor of the Reserve Bank in driving monetary policy also affects the outcomes
of the key sectoral variables in the economy as well as the financial sector of the
economy.
Accounting Relationships
In order to ensure that the results of simulation with the NIEP macroeconomic model
are both economically meaningful and internally consistent, the model structure and
relationships are built in such a way that (a) the components of the product account
add up, (b) the income and product sides of the accounts are equal, and (c) the
price/quantity relationships are consistent.
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Figure 3.3.3 A Graphical Presentation of the Relationship between Output,
Investment, Prices, Employment, Wages, Imports and Exports for the coal
mining sector
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Figure 3.3.3 provides a graphic illustration of the interrelationships between the main
variables of the coal sector (investment, output, employment, exports, prices and
wages) and other macroeconomic variable, which include real interest rate, real
effective exchange rate, total GDP deflator, etc.
Equation form and parameter estimation methodology
Co-integration and ordinary least square techniques (OLS) were used to estimate the
behavioural equations of the NIEP model. In this section, the use of these two
econometric techniques in the context of the NIEP model is briefly discussed. The
data processing, which includes data sourcing, data cleaning, calculations, and
techniques used for determining the stationarity of the data series, is also considered.
A co-integration technique was used to establish the presence of long run
relationships between a given economic variable and a carefully drawn list of
explanatory variables. Co-integration techniques utilise the characteristics of the data
in order to establish the presence of long-run relationships between variables as
dictated by theory. Where the data is co-integrated, it may be inferred that a long run
relationship exists. Since co-integration is a statistical phenomenon of data, the
presence of co-integration is a necessary, though not sufficient condition, for the
existence of a long run relationship. By using one of a number of alternative
estimation techniques, where co-integration is present, it is possible to identify the
long run relationship in terms of levels. Identifying the long run relationship facilitates
the investigation of the short-term dynamics of the model in the form of "error
correction models", which explore the nature and determinants of the adjustment
process of the dependent variable to the long run trend value. It is worth emphasising
that in the presence of co-integration (a long run relationship) there will always exist
an error correction process that is statistically significant, so that both the long run and
short run dynamics may be explored. Co-integration analyses are somewhat more
complicated since a long run and short run relationship exists between the variables.
The first step in the analysis was to assess the functional form of the variables to be
included in the regression. The Schwartz Bayesian Criterion (SBC) was used to test
for the functional form of the variables with the logarithmic form almost always being
favoured. The second step was to establish the order of integration of the variables.
We used five pieces of evidence to establish the orders of integration. These are: the
plot of the variable, autocorrelation functions, spectral density functions, Dickey-Fuller
and the Augmented Dickey-Fuller tests. The majority of the variables were integrated
of order 1 implying that they need to be differenced once in order to render them
stationary.
The third step was to proceed with the actual estimation. Among the many cointegration techniques available, the auto-regressive distributed lag model (ARDL),
developed by Pesaran (1997) and Pesaran, Shin and Smith (1996, 2000) was
selected. The advantage of this technique is that it provides “a simple univariate
framework for testing the existence of a single level relationship between y(t) [the
dependent variable of interest] and x(t) [the regressors] when it is not known with
certainty whether the regressors are purely I(0), purely I(1) or mutually co-integrated”
(Pesaran, Shin, and Smith, 2000).
The ARDL approach hinges on the existence of a co-integrating vector (CV) among
the variables in the regression model. The existence of a CV was tested by the
variable addition test, a technique that utilises the F tests developed by Perron.
Where a CV existed, both short and long run estimates of the regression model were
computed. It is an established fact that wherever there is a long-run relationship there
must exist a valid error correction mechanism that depicts the adjustment process
towards this long run relationship. The critical test for the validity of this adjustment
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process is that the coefficient of adjustment must be negative and statistically
significant.
Testing for long run relationships was a long and tedious process and in some
instances not very successful, thus leading to OLS estimation techniques being used.
In both cases, stringent requirement criteria were applied to the signs of the
explanatory variables. If a variable sign was not supported theoretically, the variable
was rejected as a determinant. Moreover, insignificant variables were rejected as far
as possible, without compromising the goodness of fit and other statistical criteria
(such as the F-statistics, the Durbin-Watson, etc.). Myriad permutations and
combinations were tested to yield the most desirable results. The testing of the
explanatory variables is only the second phase of the estimation process. The first
phase, the most critical of all, is related to the preparation and detailed analysis of the
explanatory variables and determining the stationarity and the order of integration of
the data. This discussion follows in the section below.
All the data used in the analysis was derived from two main sources. For the sector
specific data (e.g. employment, output, investment, exports, imports, remuneration,
etc.), the Statistics South Africa's (SSA) agricultural, mining, manufacturing and
services data series, provided by WEFA, was used. Aggregate macroeconomic
variables were derived from the South African Reserve Bank Quarterly Bulletin
(RBQB). SSA data was cross-checked with the RBQB at the aggregate level to
ensure data consistency.
Example application of estimation procedure
To provide an example of the procedure for estimating each equation of the model,
the following describes the process for the estimation of sectoral employment. This
example was selected since the project committee has been specially interested in
employment wage elasticities.
First, the employment in the total economy was broken down into four main production
categories (i.e., Agriculture, Mining, Manufacturing and Services), and their
corresponding break down to 38 sectors (i.e. one agriculture sector, three mining
sectors, 27 manufacturing sectors, and 7 sectors in services).
The sectors studied are therefore highly diverse in many respects. This includes their
differences in terms of broad categorisation of economic activity, (namely, Agriculture,
Mining, Manufacturing and Services), their production techniques (i.e., their utilisation
of different mixes of factors of production), their links and dependency to other
sectors, the rest of the economy and the rest of the world.
At the next stage, known as the specification stage, an a priori imposition of a
common theoretical stand on the determination of employment in such diverse sectors
was avoided. This was done by using a broad theoretical perspective to define,
compile and process a number of variables which have been proposed to explain
long-term trend and short-term fluctuations in employment. Therefore, the analytical
point of departure is that sector employment is not necessarily determined by a
uniform set of variables, thus allowing for differences both in factors that affect
employment of sectors and their responses to a given variable.
A broadness of approach is specially appropriate given that the focus of the modelling
work is not to test the validity of a specific theoretical proposition, but to capture the
potential differences that might exist among sectors of the economy in terms of factors
that determine their employment over time. To achieve this, the link between a
sector’s employment data and various supply- and demand-side variables was
examined. The variable list includes sector specific and macroeconomic data. The
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hypothesised relationships are consistent with a variety of theoretical views on
demand, supply and institutional factors that influence employment.
Therefore, at the general level, it was postulated that sectors’ employment (L) are
potentially determined by two sets of variables, demand-side (D) and supply-side (S)
variables:

L

D
k

= f (S , D )
h

j

where k represents the 43 sectors of the economy, h the different supply-side
variables, and j the demand-side variables.
Each of the two main categories of independent variable is further broken down to
sector-specific and economy-wide categories. Thus, a given sector's employment is
potentially determined by:

L

D
k

= f ( S k , S e , D k , De )
h

h

j

j

where e represents economy-wide variables.
The following variables were classified as supply-side variables: the real average
remuneration rate, the technique of production represented by a sector’s capital
labour ratio, a sector’s labour productivity represented by the real output per unit of
labour, economy-wide price levels represented by the GDP deflator. The demand
side variables included sectoral real output, imports, exports, and the real gross
domestic expenditure.
The theoretical propositions underlying the inclusion of different independent variables
under each of the above categories include:
On the supply side, a rise in a sector’s capital-labour (CL) ratio is hypothesised to
reduce demand for labour in that sector. Most sectors of the economy have a CL ratio
that has been increasing since the 1970’s. These include agriculture, all the mining
sectors and Total Mining, all the services sectors and Total Services as well as 21 of
the 27 manufacturing sectors and Total Manufacturing. For the Total Economy, the
CL ratio average growth rates for the 1970’s, 1980’s and 1990’s are 4,2%, 0,2% and
0,2% respectively. Chart 5 of the Total Economy is representative of these positive
trends in the CL ratio. The remaining 6 manufacturing sectors exhibit decreases in
the average growth rate in the 1970’s followed by increases in the 1980’s and 1990’s.
These sectors include Textiles, Wearing Apparel, Basic Chemicals, Basic NonFerrous Metals, Electrical Machinery and Other Industries. Chart 6 highlights the CL
ratio for the Textile industry to represent the initial decline for this group of sectors.
On the demand side, an increase in a sector’s exports (X) is hypothesised to have a
potentially positive effect on employment. On the other hand, an increase in a
sector’s imports is hypothesised to have a negative effect on employment for sectors
with low import dependency and potentially positive effect on employment of sectors
with high dependence on imports for the expansion of their outputs. Therefore, in the
empirical analysis, we allowed the coefficient of imports to accept positive or negative
values.
In terms of institutional factors, which have been grouped with supply side factors, a
rise in the sectoral average real remuneration rate (W) is expected to have positive or
negative effects on employment depending on the economic sector. By allowing for a
positive or negative relationship between employment and the average remuneration
rate, we have avoided constraining the labour market operation by the neo-classical
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strong assumptions regarding the labour market and production. These assumptions
include: homogenous labour market, full employment, constant return to scale, etc.
Analysing the trends in the average remuneration rate for each sector provides very
mixed results. Many sectors exhibit positive average growth rates in the average
remuneration rate throughout the three most recent decades. Some of these sectors
include the Total Economy, Total Mining, agriculture, two of the mining sectors (Coal
and Other Mining), several manufacturing sectors (Food, Textiles, Metal Products and
Professional and Scientific Equipment) and one services sector (i.e., Electricity, Gas
and Water). Only two sectors exhibited average growth rate declines since the
1970’s. These sectors are Electrical Machinery and Other Industries. Most sectors
exhibit increases in the average growth rate for the average real remuneration rate in
the 1980’s, or the 1990’s or both. Most of the sectors fall into any of these three
categories.
On the demand side, an increase in real gross fixed investment (I) and output (Q), is
hypothesised to increase employment. Depending on the degree of backward and
forward linkages between a given sector of the economy and the rest of the economy,
the demand factors that exert influence on sectoral employment can be limited to the
sectoral demand variables. These variables include sectoral investment, output,
exports, etc, or it can be potentially augmented by economy wide demand factors,
e.g., gross domestic expenditure.
Technological change, proxied by a possible increase in the relative use of capital and
labour (i.e., capital-labour ratio) in a sector is expected to reduce employment in the
short term and possibly increase employment in the long term. Fallon and Pereira de
Silva, 1994 and Fallon and Lucas, 1998 provide more information on this topic.
An improvement in macroeconomic demand conditions, represented by real gross
domestic expenditure (GDE), is expected to have positive influence on sectors’
employment.
A rise in labour productivity (LP) (output per unit of labour) is hypothesised to have
potentially negative effects on employment in the short run and possibly increase
employment in the long run. Looking at the trends in LP, a vast majority of the sectors
exhibit upward trends in LP over the three decades analysed. Some of these
aggregate sectors include the Total Economy, Total Manufacturing, Total Services
and agriculture.
A rise in real fixed investment (I) of a given sector is argued to have positive effects on
the sector's employment. A vast majority of the sectors exhibited positive average
growth rates for the three decades analysed. However, for many of these sectors, the
average growth rate in the 1990’s was significantly smaller than the average growth
rates for either of the previous two decades. Some of these sectors include Total
Manufacturing, Total Services and the Total Economy. All the mining sectors, except
for gold mining, mimic this trend. Gold investment on the other hand, is negative in
the 1990’s. Investment in the gold sector peaked in the mid-1980’s and has been
declining since. Total Mining displays the same trend found for gold mining. Other
manufacturing sectors that display the same trends found in Total Manufacturing are;
Food, Beverage, Coke and Refined Petroleum Products, Basic Chemicals, Other
Chemicals and Man-made Fibres, Rubber Products, Glass Products, Metal Products
excluding machinery, Machinery and Equipment, Electrical Machinery, Professional
and Scientific Equipment, Electricity, Gas and Water, Construction and Civil
Engineering and Financial services. Several sectors displayed significantly large
increases in the average growth rate for investment in the 1990’s. This list of sectors
comprises Basic Non-Ferrous Metals, Tobacco, Wearing Apparel, TV, Radio and
Communication Equipment, Other Transport, Other Industries and Transport, Storage
and Communication.
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A rise in the sectoral real output is expected to raise demand for labour and thus
increase employment. Analysing the output trends for the three decades, we find that
most of the sectors displayed positive average growth rates. However, the growth
rates for the 1990’s are somewhat lower than the growth rates for the 1970’s and
1980’s. The aggregate sectors include the Total Economy, Total Manufacturing and
Total Services (see Chart 7). Total Mining displayed negative average growth rates
for all three decades. However, the decrease was significantly higher in the 1970’s
than in the 1990’s (see Chart 8).
At the next stage, each of the above variables was tested to determine whether it
should be used in logarithmic or level form at the estimation stage. Each variable was
then tested for stationarity and its order of integration.
After visual inspection of the plots of each data set to assess whether the data should
be run in logs or levels, two separate regressions were run, one in log form and one in
level form. Using the Schwartz-Bayesian Criterion, it was possible to draw a final
conclusion about each variable’s level of transformation. The results highlighted the
fact that almost all variables used in the regressions should be run in log form. The
data, together with their first and second differences, are depicted in Appendix B.
A combination of Augmented Dickey Fuller tests, auto-correlation functions and BoxPierce statistics was then used to test for the existence of unit roots (i.e. the
stationarity of data) and the order of integration of each variable. The results indicate
that the majority of the variables were integrated of order I(1), implying that the data
series had to be differenced once, in order to render them stationary. Very few data
series were integrated of order I(0). Similarly, very few data series were integrated of
order I(2), implying that such variables had to be differenced twice. Since one of the
major advantages of the ARDL technique is that the exact order of integration is not
important when running co-integration tests, as discussed by Pesaran (1997, 2000),
the above information was used specifically to ensure the careful choice of variables
for the application of the OLS technique where co-integrating vectors did not exist.
The employment data, the dependent variable in all the estimations, was found to be
integrated of order I(1) at all levels of aggregation. The results of the estimation of
employment equations are presented in Adelzadeh and Nicolaou (2000).
It is important to note that the above procedure was followed for the estimation of the rest
of the model equations associated with production, prices, labour market, trade sector,
financial market, and others. The sectoral estimations were conducted for 38 sectors of
the economy.
3.4

Analysis of implications of labour or capital intensive production techniques
under a most likely economic future
The model of the effects of production technique on labour and capital in coal mining
and the model of interactions of the coal sector with other sectors of the SA economy
as described in the previous two sections were used in conjunction to examine the
consequences of adopting labour or capital intensive production techniques under the
scenarios presented in section 3.1. The analysis firstly involved determining, under a
most likely macro-economic future, the consequences of the scenarios against a
baseline of continuation of the current mix of capital and labour intensive mining. The
second stage of analysis was to examine the sensitivity of the findings to key social
and economic assumptions.
The coal sector model of the effects of production technique was used to develop
shocks which would drive the macro-economic model. The shocks needed to be
translated in terms of the variables used in the macro-economic model, and were
expressed as differences from the situation if the current mix of mining techniques
were to continue into the future. The shocks are change in labour productivity, wage
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rate, demand from sectors supplying inputs to the coal sector and change in the
amount of imported goods required for the coal sector.
It was assumed that any changes in the technique of production (labour intensive or
capital intensive mining) would not be implemented over a short time period but would
be a gradual process. This would also allow local industry capacity to be established
for import replacement for scenarios 2 and 4. In order to simulate this gradual
process, the shocks were applied to the macro economic model over a five year
period on a linear basis.
One of the major shocks is coal sector employment and Table 3.4.1 shows the
change in employment profile in the coal sector for the four scenarios. Since the issue
of importation of materials and equipment do not influence the employment profile in
the coal sector, the implications for scenarios 1 and 2 are identical, as they are also
for scenarios 3 and 4. Furthermore, under an assumption that locally sourced
materials and equipment would be at the same cost as the currently imported items,
coal production costs would also be unaffected by reducing the reliance on
importation. The labour figures quoted in Table 3.4.1 are based on a constant
demand for coal production, which may not be the case as the consequential effects
of the different scenarios will impact indirectly on coal demand. For that reason, the
change in labour productivity was used as the variable to shock in the macroeconomic model, with actual numbers in employment in the coal sector being
determined as outputs of the macro-economic model. The wage rate changes are
induced by the different skill level distribution required by the different techniques of
production.
Table 3.4.1
Coal sector statistics under the scenarios
Scenario
Scenarios 1
Scenarios 3
and 2
and 4
Underground employment
33 829
43 833
31 955
Balance of labour
21 801
21 801
21 801
Total employment in coal sector
55 630
65 634
53 756
Change in employment
10 004
-1 874
Percentage change in labour productivity
-17,98%
3,37%
Monthly average wage rate
4 820
4 588
4 879
Percentage change in wage rate
-4,80%
1,23%
Production cost (R/ton)
37,08
43,85
35,81
Scenario 1
100% of underground coal production currently performed by
continuous miners is performed by drill and blast
Scenario 2
As scenario 1, but all equipment and materials required for coal mining
are produced locally
Scenario 3
100% of underground coal production currently performed by drill and
blast is performed by continuous miners
Scenario 4
As scenario 3, but all equipment and materials required for coal mining
are produced locally
Current

The second area where shocks need to be introduced to model the effects of
changing technique of production is the dependence of the coal sector on other
sectors of the economy. Table 3.4.2 shows the demands of the coal sector from the
major sectors which supply equipment, materials and services to the coal sector. The
figures quoted in Table 3.4.2 include imports as well as locally produced goods which
are sourced from each sector. Since the assumption was made that locally produced
goods would incur the same cost as those sourced as imports, the dependence of the
coal sector on other sectors of the South African economy is the same in scenarios 1
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and 2, as it is also for scenarios 3 and 4. In addition, the figures quoted in Table 3.4.2
refer only to the requirements of underground production achieved through continuous
miner or drill and blast. In specifying these shocks to the macro-economic model, the
changes in demanded output were translated into a percentage change to the overall
output of the sector in question, and the coefficient in the cross-sectoral dependence
matrix was also updated to reflect the new dependency.
Table 3.4.2
Dependence of the coal sector on other sectors
Scenario
Scenarios 1
Scenarios 3
Current
and 2
and 4
Rand Value
46 566
295 119
0
Chemical
Change in Demand
248 553
-46 566
Rand Value
59 281
87 645
53 968
Petroleum
Change in Demand
28 364
-5 313
Rand Value
1 264 490
1 033 604
1 307 746
Engineering
Change in Demand
-230 886
43 256
Rand Value
445 415
640 620
408 844
Services
Change in Demand
195 205
-36 571
Rand Value
140 644
156 525
137 670
Power
Change in Demand
15 880
-2 975
Rand Value
1 956 396
2 213 513
1 908 228
Total
Change in Demand
257 117
-48 168
Scenario 1
100% of underground coal production currently performed by
continuous miners is performed by drill and blast
Scenario 2
As scenario 1, but all equipment and materials required for coal mining
are produced locally
Scenario 3
100% of underground coal production currently performed by drill and
blast is performed by continuous miners
Scenario 4
As scenario 3, but all equipment and materials required for coal mining
are produced locally
Sector

Demand (kR)

Again, in Table 3.4.2, the figures refer to the current production levels of coal, and the
macro-economic model predicts the actual change in Rand dependency of the coal
sector on these upstream sectors, and hence the impact on jobs in the upstream
sectors. It is evident that labour intensive mining has a higher overall demand from
other sectors of the economy than capital intensive mining.
Table 3.4.3 shows the change in the Rand value of the imported materials and
equipment in those sectors which supply imported goods to the coal sector.
Table 3.4.3
Imports to sectors supplying to the coal sector
Sector
Chemical
Petroleum
Engineering
Total

Demand (kR)
Rand Value
Change in Demand
Rand Value
Change in Demand
Rand Value
Change in Demand
Rand Value
Change in Demand

Current
9 313
47 425
691 847
748 585

Scenario 1 Scenario 2 Scenario 3 Scenario 4
59 024
0
0
0
49 711
-9 313
-9 313
-9 313
70 116
0
43 174
0
22 691
-47 425
-4 251
-47 425
435 089
0
739 951
0
-256 759
-691 848
48 103
-691 848
564 229
0
783 125
0
-184 356
-748 585
34 540
-748 585
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Scenario 1
Scenario 2
Scenario 3
Scenario 4

100% of underground coal production currently performed by
continuous miners is performed by drill and blast
As scenario 1, but all equipment and materials required for coal mining
are produced locally
100% of underground coal production currently performed by drill and
blast is performed by continuous miners
As scenario 3, but all equipment and materials required for coal mining
are produced locally

Table 3.4.3 shows that capital intensive mining results in the upstream sectors
incurring a greater value of imports with the current profile of these upstream sectors.
Again, the value of imports reflects the position with the current level of coal
production, and the macro-economic model determines how imports will actually
respond if coal production changes as a result of the evolution of the national
economy.
The overall change in the Rand value of local content derived from the upstream
sectors may be deduced from consideration of Tables 3.4.2 and 3.4.3 in conjunction.
In total, a change to labour intensive mining would result in an increase of kR 441 473
in the local content needing to be derived from upstream sectors. This is partly due to
increased overall demand from the upstream sectors, and partly due to a reduction in
the value which would need to be imported. A move to capital intensive mining would
lead to a reduction of kR 82 708 in local content demanded from upstream sectors by
the coal sector.
The NIEP macroeconomic model was utilised to simulate the impacts of each
scenario on the coal sector and the economy. First, the model was run to obtain the
base simulation results, i.e., the trends of the economic variables prior to the
introduction of new scenarios for the coal sector with the current balance of capital
and labour intensive mining and the current profile of imports. Next, inputs to the
model were changed in line with the requirements of each scenario and simulations
were conducted. The simulation results from each alternative scenario were
compared to the base scenario results in order to analyse the impacts of each
scenario on coal sector variables and on macroeconomic variables. Importantly, it
was assumed that, the shift from the current technique of production to any of the four
scenarios would, in practice, be gradual. Thus, the relevant adjustments for each
scenario in the sector and in the economy were introduced over a five-year time
horizon. Results for each of the four scenarios are presented in the following
sections.
Scenario 1: 100% labour intensive mining with current dependence on imports
The gradual introduction of a shift to a one hundred per cent labour intensive method
of production for the coal sector implies a gradual decline in the output per unit of
labour (i.e., labour productivity) for the sector. As explained in section 3.3, the
average real remuneration rate in the sector is positively related to the sector’s labour
productivity. Consequently, a decline in coal sector labour productivity implies a
decline in the average remuneration rate as well. As the technique of production
moves to a fully labour intensive method, the average remuneration rate declines
relative to the base scenario by 2,4% in the first year of the new technique. By the
fifth year, when the method of production has completely changed to 100% labour
intensive, the average remuneration rate is estimated to be 11,4% below the
corresponding rate for the base scenario (see Table 3.4.4, part A).
The decline in labour productivity also negatively impacts unit cost and domestic unit
price level. However, the pressure to increase the production price of coal as a result
of the decline in the productivity, is partly offset by the decline in the average wage
rate in the sector. As a result, as the new technique is fully implemented, the
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domestic coal sector price is expected to increase more than the base scenario price
level. By the fifth year of implementation of the labour intensive technique, the
domestic coal sector price is estimated to be 2,7% higher than the corresponding
price level for the base scenario.
Another important implication of the decline in labour productivity under this scenario
is that there will be a relative decline in output for the sector. The real output of the
sector is expected to settle at a lower level than the base scenario each year after the
introduction of the labour intensive technique. When the technique is fully
implemented, output is expected to be 10,3% less than that of the base scenario.
This decline in output is equivalent to a relative decline of R277 million.
Coal sector employment, on the other hand, is expected to increase with the
introduction of the labour intensive method of production. As the new technique is
introduced, investment in new capital stock (e.g., machinery, etc.) gradually declines
while employment rises. The decline in the average wage rate and the overall decline
in the use of capital relative to labour (i.e., decline in the capital labour ratio) facilitate
this process in the sector. When the switch in the production technique is complete,
the employment in the sector is 13,9% higher than employment using the current
techniques. This is estimated to imply an additional 13 581 employees for the sector.
The move to a labour intensive technique of coal production implies a shift in the
investment practice of the sector. As a result, the investment in the sector is expected
to gradually decline relative to the base year. During the first year of implementation
of the new technique, investment in the coal sector is expected to decline by 3,4%.
By the fifth year investment will increase to 28,7%, which implies an estimated real
decline of R229 million. Importantly, part of the overall decline in investment in the
sector is due to the decline in the sector’s output.
Overall, the rate of profit for the sector is also expected to be lower than that of the
base scenario. This is due to a combination of higher unit production costs and
negative dynamic effect on the sector’s output. By the fifth year, the profit rate in the
sector is expected to be 4,8% lower than that of the base scenario.
Table 3.4.4
Results for labour intensive scenario
Part A Coal sector results
Real Output
Employment
Ave Real Remuneration
Domestic Price
Real Labour Productivity
Capital Labour Ratio
Rate of Profit

Year 1
-2,312%
0,273%
-2,402%
0,490%
-3,596%
-0,495%
-2,426%
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Year 2
Year 3
Year 4
Year 5
-4,376% -6,399% -8,383% -10,329%
0,218% 4,362% 9,056% 13,883%
-4,740% -7,013% -9,224% -11,385%
1,013% 1,560% 2,139% 2,741%
-7,063% -10,405% -13,627% -16,733%
-1,102% -5,888% -10,974% -15,895%
-3,206% -4,518% -7,284% -9,615%

Table 3.4.4 (cont.)
Part B Sector outputs
Coal Mining
Coke & refined petroleum products
Basic chemicals
Other chemicals & man made fibres
Metal products excl,machinery
Machinery and equipment
Electrical equipment
Motor vehicles, parts & accessories
Electricity, Gas and water
Transport, storage, and communication
Other services
Total mining
Total manufacturing
Total services
Total economy

Year 1
Year 2
Year 3
Year 4
Year 5
-2,312% -4,376% -6,399% -8,383% -10,329%
0,033% 0,065% 0,098% 0,131% 0,163%
0,565% 1,147% 1,719% 2,285% 2,841%
0,382% 0,765% 1,157% 1,533% 1,893%
0,011% 0,017% 0,027% 0,038% 0,044%
0,046% 0,092% 0,138% 0,184% 0,230%
0,235% 0,469% 0,706% 0,935% 1,149%
0,068% 0,138% 0,213% 0,284% 0,358%
0,063% 0,125% 0,191% 0,248% 0,294%
0,099% 0,193% 0,297% 0,387% 0,455%
0,054% 0,108% 0,162% 0,216% 0,270%
-0,226% -0,354% -0,409% -0,447% -0,466%
0,067% 0,118% 0,157% 0,186% 0,207%
0,031% 0,060% 0,090% 0,117% 0,140%
0,004% 0,015% 0,031% 0,046% 0,060%

Part C Sector employment
Coal Mining
Coke & refined petroleum products
Basic chemicals
Other chemicals & man made fibres
Metal products excl,machinery
Machinery and equipment
Electrical equipment
Motor vehicles, parts & accessories
Electricity, Gas and water
Transport, storage, and communication
Other services
Total mining
Total manufacturing
Total services
Total economy

Year 1
Year 2
Year 3
Year 4
Year 5
0,273% 0,218% 4,362% 9,056% 13,883%
0,009% 0,018% 0,027% 0,035% 0,044%
0,128% 0,256% 0,385% 0,511% 0,635%
0,224% 0,444% 0,666% 0,883% 1,092%
0,458% 0,846% 1,158% 1,494% 1,839%
0,118% 0,235% 0,355% 0,456% 0,527%
0,014% 0,038% 0,054% 0,073% 0,097%
0,116% 0,235% 0,366% 0,469% 0,545%
0,037% 0,091% 0,201% 0,412% 0,466%
0,003% 0,005% 0,003% 0,009% 0,010%
0,021% 0,041% 0,064% 0,082% 0,094%
0,026% 0,024% 0,515% 1,146% 1,902%
0,141% 0,356% 0,613% 0,937% 1,302%
0,009% 0,021% 0,032% 0,045% 0,034%
0,034% 0,093% 0,218% 0,397% 0,628%

Part D Sector imports
Coal Mining
Coke & refined petroleum products
Basic chemicals
Other chemicals & man made fibres
Metal products excl,machinery
Machinery and equipment
Electrical equipment
Motor vehicles, parts & accessories
Electricity, Gas and water
Transport, storage, and communication
Other services
Total mining
Total manufacturing
Total services
Total economy

Year 1
0,000%
0,094%
0,090%
0,101%
-0,179%
-0,078%
-0,046%
-0,026%
0,000%
0,000%
0,000%
0,000%
-0,005%
0,000%
-0,004%
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Year 2
0,000%
0,219%
0,224%
0,223%
-0,317%
-0,086%
-0,096%
0,003%
0,000%
0,000%
0,000%
0,000%
0,014%
0,000%
0,011%

Year 3
0,000%
0,356%
0,376%
0,349%
-0,436%
-0,076%
-0,140%
0,055%
0,000%
0,000%
0,000%
0,000%
0,037%
0,000%
0,028%

Year 4
0,000%
0,496%
0,519%
0,460%
-0,565%
-0,064%
-0,195%
0,096%
0,000%
0,000%
0,000%
0,000%
0,034%
0,000%
0,025%

Year 5
0,000%
0,637%
0,656%
0,570%
-0,701%
-0,063%
-0,266%
0,129%
0,000%
0,000%
0,000%
0,000%
0,049%
0,000%
0,036%

Table 3.4.4 (cont.)
Part E Macroeconomic results
Total Real Output
Total Employment
Total Real Investment
Total Real Household Consumption
Total Real Imports
General Price Level

Year 1
Year 2
Year 3
Year 4
Year 5
0,004% 0,015% 0,031% 0,046% 0,060%
0,034% 0,093% 0,218% 0,397% 0,628%
-0,032% -0,098% -0,135% -0,166% -0,238%
0,133% 0,272% 0,426% 0,568% 0,709%
-0,004% 0,011% 0,028% 0,025% 0,036%
-0,002% 0,004% 0,005% 0,005% 0,004%

The choice of production technique in the coal sector has implications for other parts
of the economy and for the economy as a whole. Under the completely labour
intensive scenario, the intermediate inputs required increases per unit of coal
production. This includes its input requirements per unit of output from the chemical,
petroleum, services and power sectors. To the extent that these sectors currently rely
on imports to respond to coal sector needs, the change in the technique of production
in the coal sector also affects imports.
Thus, the shift to a completely labour intensive technique implies a higher use of
domestically produced intermediate inputs for the coal sector. Consequently, output
and employment for sectors that are linked to the coal sector are expected to
increase, (e.g., basic and other chemicals, petroleum, metal products, electricity, etc.).
At the same time, to the extent that these sectors partially rely on imports to respond
to the coal sector needs, their imports are also positively affected by a change in the
technique of production in the coal sector.
Table 3.4.4, part B highlights the relative changes in output for a number of sectors of
the economy that have particularly strong links to the coal sector. The estimated
impacts are tabulated for year one of the labour intensive technique, and for year five,
when the new technique is fully implemented. A special characteristic of the
completely labour intensive scenario for the coal sector emerges in that output
increases in a number of manufacturing and service sectors. Consequently, real
output of total manufacturing and total services is expected to be 0,21% and 0,14%
higher than the corresponding output in the base scenario. Compared to the base
scenario results, this outcome implies an estimated R208 and R404 million increase in
manufacturing and services output, respectively.
Employment in a number of sectors of the economy is positively linked to the output
performance of the sectors. Therefore, sectoral employment is expected to be
affected by the change of technique in the coal sector. Table 3.4.4, part C provides a
summary of the employment impact that the change in coal sector production
technique has on other sectors of the economy. Overall, total mining, manufacturing,
and service employment are expected to increase by 1,9%, 1,3%, and 0,03%,
respectively.
Table 3.4.4, part D summarises the impacts of this scenario for imports. As expected,
under the new technique, the increase in the use of petroleum and chemical, and the
decline in the use of machinery and equipment will partially raise the imports of the
first group and reduce the imports of the second group. In terms of imports of motor
vehicles, and parts and accessories, the immediate impact of introducing the labour
intensive technique is a reduction of imports from the sector. However, since the
production technique change in the coal sector leads to an overall rise in economic
activity for several manufacturing and service sectors, import demands for these
sectors increase. Importantly, an overall effect results in a net positive increase in
imports for the motor vehicle and parts and accessories sector.
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With the introduction of the completely labour intensive technique, the macroeconomic
variables are expected to be affected. This is due to the direct impact the technique
has on coal sector variables, as well as the dynamic impact on variables from other
sectors of the economy. Thus, relative to the base scenario results, the full
implementation of the new technique (i.e., in its fifth year) leads to:
(a) A small gradual increase in the total economic output, reaching a relative
increase of 0,06% by the time the new technique is fully implemented (R335
million increase in the real GDP);
(b) A relative increase of 0,63% in total employment, that is, an increase in total
employment of 64 897;
(c) A 0,24% decline in total investment (i.e, R252 million), which is the net effect of
a reduction in capital goods investment in the coal sector and changes in
investments in sectors affected by the introduction of a new production
technique in the coal sector;
(d) A 0,71%, or R1 542 million, increase in total household consumption;
(e) An increase in total imports by 0,036% (R40 million); although total imports is
expected to be relatively lower after the first year of introduction of the new
technique, it gradually increases due to the rise in the demand for imports from
non-coal sectors, whose outputs are increasing, and from the rise in
consumption.
(f)
A 0,004% rise in the general price level. (Table 3.4.4, part E).
Table 3.4.5
Long term results for labour intensive scenario
Coal sector results
Real Output
Employment
Ave Real Remuneration
Price
Real Investment
Real Labour Productivity
Capital Labour Ratio
Profit Rate

Year 5
-10,329%
13,883%
-11,385%
2,741%
-28,724%
-16,733%
-15,895%
-9,615%

Year 10
-6,372%
13,590%
-10,712%
3,967%
-36,564%
-16,733%
-19,986%
-10,635%

Year 5
0,060%
0,628%
-0,238%
0,709%
0,036%
0,004%

Year 10
0,063%
0,744%
-0,403%
0,834%
0,047%
0,006%

Macroeconomic results
Total Real Output
Total Employment
Total Real Investment
Total Real Household Consumption
Total Real Imports
General Price Level

To assess the long term impact of the introduction of a completely labour intensive
scenario, Table 3.4.5 provides the results for a number of key variables ten years after
the introduction of the change of technique for coal production or five years after the
full implementation of the new technique. The comparison of the tenth and the fifth
year results indicate that subsequent to the change of production technique in the coal
sector, the sector recovers some of its output gap relative to the base scenario while it
maintains the higher level of employment. This is mainly because variables such as
labour productivity, average remuneration rate, and sectoral profit rate tend to stabilise
after the new technique of production has been fully incorporated.
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At the macroeconomic level, the long run partial recovery of coal output leads to an
improvement in the positive impacts of the labour intensive technique on the
economy-wide output and employment.
Scenario 2: 100% labour intensive mining with dependence on imports reduced to
zero
This scenario extends scenario 1 by adding the element of domestic production for all
coal sector input requirements. This scenario thus posits that the coal sector’s
dependence on imported goods and services must be substituted by domestic
production.
Predictably, the difference between the impacts of the first and the second scenarios
are found in the responses of the rest of the economy to the change in the coal
sector’s production technique, rather than the changes in coal sector variables.
However, when we compare the results of the first and second scenarios, we find that
the economy-wide dynamic effects of the second scenario also change the results for
the coal sector, albeit to a small degree. As a result, the simulation results for the coal
sector variables are marginally different from the results achieved in scenario 1 as
shown in Table 3.4.6, part A.
Under the second scenario, the substitution of currently imported intermediate needs
of the coal sector with those domestically produced implies an increase in the
economic activity of these sectors, especially in terms of output and employment. In
terms of output, Table 3.4.6, part B summarises the simulation results for the sectoral
outputs over time. As is evident, the substitution of all imported goods and services
with domestically produced ones, leads to a surge of economic activity in a number of
economic sectors. This is especially evident when comparing Table 3.4.4, part B with
Table 3.4.6, part B. Hence, real output of total mining will be 0,42% less than the
base scenario, and real output of total manufacturing and services will be higher than
their corresponding values in the base scenario by 1,2% (which is equivalent to R1
198 million) and 0,27% (or R777 million), respectively. It is important to note that the
surge in sectoral outputs responding to direct coal sector needs, lead to further
indirect increases in overall economic activity.
Table 3.4.6
Results for labour intensive scenario with no imports
Part A Coal sector results
Real Output
Employment
Ave Real Remuneration
Domestic Price
Real Labour Productivity
Capital Labour Ratio
Rate of Profit

Year 1
-2,227%
0,273%
-2,402%
0,480%
-3,596%
-0,495%
-2,129%
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Year 2
Year 3
Year 4
Year 5
-4,184% -6,077% -7,936% -9,792%
0,146% 4,213% 8,833% 13,580%
-4,657% -6,852% -8,998% -11,097%
1,067% 1,677% 2,310% 2,964%
-7,063% -10,405% -13,627% -16,733%
-1,031% -5,755% -10,791% -15,671%
-2,935% -3,608% -6,615% -9,090%

Table 3.4.6 (cont.)
Part B Sector outputs
Coal Mining
Coke & refined petroleum products
Basic chemicals
Other chemicals & man made fibres
Metal products excl,machinery
Machinery and equipment
Electrical equipment
Motor vehicles, parts & accessories
Electricity, Gas and water
Transport, storage, and communication
Other services
Total mining
Total manufacturing
Total services
Total economy

Year 1
Year 2
-2,227% -4,184%
0,441% 0,884%
0,788% 1,621%
0,574% 1,226%
0,260% 0,518%
0,812% 1,631%
3,380% 6,906%
0,382% 0,812%
0,123% 0,291%
0,196% 0,461%
0,054% 0,108%
-0,215% -0,328%
0,266% 0,518%
0,053% 0,117%
0,054% 0,120%

Year 3
-6,077%
1,329%
2,451%
1,860%
0,780%
2,456%
10,550%
1,233%
0,445%
0,708%
0,162%
-0,374%
0,751%
0,175%
0,186%

Year 4
-7,936%
1,775%
3,278%
2,483%
1,043%
3,288%
14,309%
1,659%
0,591%
0,943%
0,216%
-0,404%
0,974%
0,228%
0,250%

Year 5
-9,792%
2,224%
4,076%
3,058%
1,293%
4,126%
18,147%
2,091%
0,704%
1,115%
0,270%
-0,417%
1,191%
0,269%
0,308%

Part C Sector employment
Coal Mining
Coke & refined petroleum products
Basic chemicals
Other chemicals & man made fibres
Metal products excl,machinery
Machinery and equipment
Electrical equipment
Motor vehicles, parts & accessories
Electricity, Gas and water
Transport, storage, and communication
Other services
Total mining
Total manufacturing
Total services
Total economy

Year 1
Year 2
Year 3
Year 4
Year 5
0,273% 0,146% 4,213% 8,833% 13,580%
0,119% 0,238% 0,358% 0,477% 0,597%
0,178% 0,363% 0,548% 0,731% 0,908%
0,330% 0,677% 1,038% 1,386% 1,711%
0,982% 1,937% 2,871% 3,831% 4,835%
0,453% 0,981% 1,502% 2,007% 2,431%
0,205% 0,563% 0,811% 1,123% 1,525%
0,847% 1,787% 2,670% 3,584% 4,598%
0,069% 0,202% 0,474% 1,002% 1,250%
0,021% 0,041% 0,061% 0,100% 0,124%
0,049% 0,119% 0,183% 0,243% 0,286%
0,027% 0,023% 0,508% 1,131% 1,878%
0,258% 0,735% 1,414% 2,285% 3,305%
0,006% 0,016% 0,027% 0,037% 0,010%
0,058% 0,181% 0,435% 0,827% 1,366%

Part D Sector imports
Coal Mining
Coke & refined petroleum products
Basic chemicals
Other chemicals & man made fibres
Metal products excl,machinery
Machinery and equipment
Electrical equipment
Motor vehicles, parts & accessories
Electricity, Gas and water
Transport, storage, and communication
Other services
Total mining
Total manufacturing
Total services
Total economy

Year 1
Year 2
Year 3
0,000% 0,000% 0,000%
-0,196% -0,458% -0,741%
0,339% 0,695% 1,053%
0,224% 0,357% 0,484%
-0,220% -0,425% -0,630%
0,051% 0,261% 0,453%
2,910% 5,939% 9,058%
0,275% 0,570% 0,867%
0,000% 0,000% 0,000%
0,000% 0,000% 0,000%
0,000% 0,000% 0,000%
0,000% 0,000% 0,000%
0,165% 0,343% 0,509%
0,000% 0,000% 0,000%
0,126% 0,260% 0,385%
61

Year 4
0,000%
-1,030%
1,400%
0,604%
-0,846%
0,635%
12,260%
1,150%
0,000%
0,000%
0,000%
0,000%
0,765%
0,000%
0,571%

Year 5
0,000%
-1,321%
1,719%
0,708%
-1,092%
0,785%
15,503%
1,394%
0,000%
0,000%
0,000%
0,000%
0,933%
0,000%
0,698%

Table 3.4.6 (cont.)
Part E Macroeconomic results
Total Real Output
Total Employment
Total Real Investment
Total Real Household Consumption
Total Real Imports
General Price Level

Year 1
Year 2
Year 3
Year 4
Year 5
0,054% 0,120% 0,186% 0,250% 0,308%
0,058% 0,181% 0,435% 0,827% 1,366%
-0,032% -0,098% -0,129% -0,156% -0,305%
0,238% 0,605% 0,981% 1,375% 1,765%
0,126% 0,260% 0,385% 0,571% 0,698%
-0,013% -0,019% -0,035% -0,054% -0,079%

The main simulation results for employment are reflected in Table 3.4.6, part C. The
direction of the effects is similar to the results for the first labour intensive scenario.
However, both the sector and overall employment effects of the second scenario are
more significant. Thus, at full (fifth-year) implementation of this scenario, total
employment in the manufacturing sector is expected to be 3,3% higher (about 128
015 more employees) than the corresponding employment level under the base
scenario. The relevant increase in the employment level for the manufacturing sector
under the first scenario was 1,3% (about 50 419 more employees), which is
significantly smaller.
Overall, implementation of the second scenario leads to significantly larger changes in
the economy. Real gross domestic product is expected to be 0,31% higher than that
for the base scenario, by the fifth year. This is equivalent to an estimated amount of
R1 727 million additional goods and services. Related to the higher level of output is
the higher level of total employment, which is forecasted to be higher for every year of
incremental implementation. During the fifth and final year of implementation, total
employment in the economy is expected to be 1,37% higher than the corresponding
figure for the base scenario. This implies that the shift to the second scenario not only
leads to an estimated 13 285 employment increase in the coal sector, but it also leads
to an additional 127 872 jobs for the rest of the economy. With the rise in total
economic output and employment, it is expected that household income and
expenditure will settle at higher levels than in the base scenario. In 2006, household
real consumption expenditure is expected to be 1,76% higher than that for the base
scenario.
Although the coal sector ceases to use imported goods and services for its activities in
scenario two, the total imports in the economy will be higher than the base scenario
due to the overall increase in the economic activity after the introduction of the new
technique. As a result, total real imports are expected to be 0,7% higher than the
base year results by the time the new technique is fully implemented.
Table 3.4.7 provides the results for the long run impact of the introduction of a
completely labour intensive technique with 100% domestic input in the coal sector. It
compares the results for a number of key variables ten years after the introduction of
the change of technique for coal production or five years after the full implementation
of the new technique. The comparison of the tenth and the fifth year results indicate
that subsequent to the change of production technique in the coal sector, the sector
recovers some of its output gap relative to the base scenario while it maintains a
higher level of employment. This is mainly because variables such as labour
productivity, average remuneration rate, and sectoral profit rate tend to stabilise after
the new technique of production has been fully incorporated.
At macroeconomic level, the long run partial recovery of coal output leads to a small
improvement in the positive impacts of the labour intensive technique on the
economy-wide output and employment.
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Table 3.4.7
Long term results for labour intensive scenario with no imports
Coal sector results
Real Output
Employment
Ave Real Remuneration
Price
Real Investment
Real Labour Productivity
Capital Labour Ratio
Profit Rate

Year 5
-9,792%
13,580%
-11,097%
2,964%
-28,724%
-16,733%
-15,671%
-9,090%

Year 10
-5,549%
13,020%
-10,162%
4,354%
-36,564%
-16,733%
-19,582%
-10,290%

Year 5
0,308%
1,366%
-0,305%
1,765%
0,698%
-0,079%

Year 10
0,315%
1,488%
-0,410%
1,910%
0,708%
-0,075%

Macroeconomic results
Total Real Output
Total Employment
Total Real Investment
Total Real Household Consumption
Total Real Imports
General Price Level

Scenario 3: 100% capital intensive mining with current dependence on imports
The shift from current coal sector production techniques to a completely capital
intensive technique will lead to significantly different outcomes for the sector and for
the economy.
A five-year plan to transform the production technique in the coal sector to a
completely capital intensive technique implies a gradual increase in the output per unit
of labour in the coal sector. During the first year of implementation, labour productivity
is expected to be 0,67% higher than that for the base year. The labour productivity
gain reaches 3,4% during the fifth year. Productivity gains are expected to be shared
between employees and employers in the form of increases in the average real wage
rate and in the profit rate for the sector. Consequently, the average real remuneration
rate and rate of profit in the sector are expected to be consistently higher than under
the base scenario. These results are confirmed by simulation results that show that
during the five-year trajectory, both rates remain consistently higher than in the base
scenario. By the end of the first year of the new technique, the average real
remuneration rate and the profit rate are respectively 0,45% and 0,25% higher than
the base simulations. When the new technique is fully implemented, the average
remuneration rate and the profit rate in the sector are expected to be 2,25% and
2,47% higher than the base scenario results as shown in Table 3.4.8, part A.
The econometric findings indicate that the domestic coal price is negatively related to
labour productivity and positively to the average wage rate for the sector. With the
implementation of the new technique, the rise in labour productivity lowers the unit
cost and the domestic coal price. However, the pressure on the domestic price of coal
to decline is partly offset by the rise in the average real remuneration rate in the
sector. As a result, the domestic coal price becomes consistently lower than that for
the base scenario - see Table 3.4.8, part A.
Under this scenario, the rise in labour productivity also causes a relative increase in
the real output for the sector. Over the five-year implementation of the new technique,
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and as a larger portion of the sector’s activities is undertaken by the capital intensive
technique, relatively higher labour productivity is obtained. Coal production also
remains increasingly above the base scenario. When the technique is fully
implemented, the sector’s output is expected to be almost 2% higher than coal output
under the base scenario.
Employment in the coal sector is expected to decline, as the sector gradually
becomes more capital intensive. The hallmark of this new technique is investment in
capital goods to speed up the process of mechanization of the sector’s production
processes. A combination of a higher use of capital goods per unit of labour and the
rise in the average real remuneration rate in the sector lead to a gradual decline in the
employment in the sector relative to the base scenario (Table 3.4.8, part A). When
the sector has fully adopted the capital intensive technique, the employment in the
sector is 2,68% lower than the base scenario results, or about 2 600 employees less
than in the base scenario.
As in the previous two scenarios, the choice of a completely capital intensive method
of production will have implications for other parts of the economy and on the
economy as a whole. However, the magnitude of these effects is significantly less
than in the labour intensive scenarios, one and two. The adoption of a completely
capital intensive scenario implies a significant reduction in the coal sector’s
dependency on other domestic sector production or imports. Thus, for example, the
sector’s dependence on basic and other chemicals gradually declines relative to the
base scenario. The fall in the coal sector’s demand from the chemical sectors also
leads to a fall in chemical sector imports. As a result, outputs of basic and other
chemicals relatively decline from -0,1% and -0,07% in year one of implementation, to
-0,54% and -0,39% at the end of full implementation of the scenario. Similarly, their
imports gradually decline. With the exception of the ‘Other Services’ sector, whose
output receives a positive shock from the rise in coal output, a relative decline in
output is experienced in other sectors linked to the coal sector. Furthermore, given
the overall decline in the output of these sectors, their own requirements from each
other decline as well. (Table 3.4.8, part B).
Table 3.4.8
Results for capital intensive scenario
Part A Coal sector results
Real Output
Employment
Ave Real Remuneration
Domestic Price
Real Labour Productivity
Capital Labour Ratio
Rate of Profit

Year 1
Year 2
Year 3
Year 4
Year 5
0,429% 0,808% 1,201% 1,591% 1,987%
0,039% -0,209% -0,743% -1,589% -2,677%
0,447% 0,899% 1,346% 1,800% 2,255%
-0,090% -0,181% -0,282% -0,382% -0,488%
0,674% 1,353% 2,036% 2,723% 3,416%
0,016% 0,397% 1,170% 2,394% 4,030%
0,250% 0,557% 0,795% 1,504% 2,469%
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Table 3.4.8 (cont.)
Part B Sector outputs
Coal Mining
Coke & refined petroleum products
Basic chemicals
Other chemicals & man made fibres
Metal products excl,machinery
Machinery and equipment
Electrical equipment
Motor vehicles, parts & accessories
Electricity, Gas and water
Transport, storage, and communication
Other services
Total mining
Total manufacturing
Total services
Total economy

Year 1
0,429%
-0,007%
-0,104%
-0,070%
-0,001%
-0,008%
-0,047%
-0,011%
-0,012%
-0,006%
0,010%
0,042%
-0,012%
0,000%
0,002%

Year 2
0,808%
-0,014%
-0,221%
-0,168%
-0,002%
-0,016%
-0,104%
-0,041%
-0,042%
-0,039%
0,020%
0,066%
-0,024%
-0,006%
0,000%

Year 3
1,201%
-0,021%
-0,327%
-0,241%
-0,002%
-0,024%
-0,149%
-0,056%
-0,056%
-0,048%
0,030%
0,077%
-0,031%
-0,005%
0,000%

Year 4
1,591%
-0,028%
-0,434%
-0,318%
-0,002%
-0,032%
-0,195%
-0,076%
-0,073%
-0,061%
0,040%
0,086%
-0,037%
-0,005%
0,000%

Year 5
1,987%
-0,035%
-0,537%
-0,388%
-0,001%
-0,040%
-0,236%
-0,096%
-0,085%
-0,064%
0,050%
0,091%
-0,040%
-0,004%
0,000%

Year 1
0,039%
-0,002%
-0,025%
-0,043%
-0,114%
-0,025%
-0,002%
-0,018%
-0,009%
-0,001%
0,004%
0,004%
-0,034%
0,000%
-0,007%

Year 2
-0,209%
-0,004%
-0,050%
-0,089%
-0,184%
-0,076%
-0,001%
-0,097%
-0,030%
-0,001%
0,015%
-0,023%
-0,078%
-0,001%
-0,020%

Year 3
-0,743%
-0,006%
-0,074%
-0,137%
-0,283%
-0,101%
-0,005%
-0,118%
-0,065%
-0,002%
0,020%
-0,088%
-0,149%
-0,001%
-0,047%

Year 4
-1,589%
-0,008%
-0,099%
-0,180%
-0,377%
-0,129%
-0,008%
-0,154%
-0,124%
-0,004%
0,025%
-0,200%
-0,236%
-0,001%
-0,090%

Year 5
-2,677%
-0,009%
-0,123%
-0,222%
-0,481%
-0,147%
-0,013%
-0,177%
-0,116%
-0,005%
0,028%
-0,366%
-0,340%
-0,001%
-0,150%

Year 1
0,000%
-0,018%
-0,001%
-0,008%
0,049%
0,030%
0,005%
0,025%
0,000%
0,000%
0,000%
0,000%
0,006%
0,000%
0,005%

Year 2
0,000%
-0,041%
-0,021%
-0,033%
0,079%
0,040%
-0,001%
0,026%
0,000%
0,000%
0,000%
0,000%
0,003%
0,000%
0,003%

Year 3
0,000%
-0,067%
-0,032%
-0,044%
0,119%
0,052%
0,006%
0,039%
0,000%
0,000%
0,000%
0,000%
0,004%
0,000%
0,003%

Year 4
0,000%
-0,093%
-0,044%
-0,060%
0,158%
0,070%
0,012%
0,050%
0,000%
0,000%
0,000%
0,000%
0,010%
0,000%
0,008%

Year 5
0,000%
-0,119%
-0,051%
-0,072%
0,202%
0,090%
0,024%
0,067%
0,000%
0,000%
0,000%
0,000%
0,013%
0,000%
0,010%

Part C Sector employment
Coal Mining
Coke & refined petroleum products
Basic chemicals
Other chemicals & man made fibres
Metal products excl,machinery
Machinery and equipment
Electrical equipment
Motor vehicles, parts & accessories
Electricity, Gas and water
Transport, storage, and communication
Other services
Total mining
Total manufacturing
Total services
Total economy
Part D Sector imports
Coal Mining
Coke & refined petroleum products
Basic chemicals
Other chemicals & man made fibres
Metal products excl,machinery
Machinery and equipment
Electrical equipment
Motor vehicles, parts & accessories
Electricity, Gas and water
Transport, storage, and communication
Other services
Total mining
Total manufacturing
Total services
Total economy
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Table 3.4.8 (cont.)
Part E Macroeconomic results
Total Real Output
Total Employment
Total Real Investment
Total Real Household Consumption
Total Real Imports
General Price Level

Year 1
0,002%
-0,007%
0,008%
-0,026%
0,005%
0,000%

Year 2
0,000%
-0,020%
0,020%
-0,067%
0,003%
-0,001%

Year 3
0,000%
-0,047%
0,035%
-0,103%
0,003%
-0,002%

Year 4
0,000%
-0,090%
0,052%
-0,150%
0,008%
-0,003%

Year 5
0,000%
-0,150%
0,084%
-0,196%
0,010%
-0,005%

An interesting case is the Transport, Storage, and Communication sector. Even
though the services provided by this sector to coal receive a boost from an expanding
coal sector, this positive shock is not sufficient to offset the negative effects of reduced
output of sectors linked to the coal sector. As a result, the Transport, Storage, and
Communication sector output ends up -0,06% below the base scenario. Overall, Total
Manufacturing and Total Services outputs are expected to be -0,04% and -0,004%
lower than the base scenario.
The results for sectoral employment mirror the effects on output described above
(Table 3.4.8, part C). Employment for Total Manufacturing declines relative to the
base scenario. When the new technique is fully in place, Total Manufacturing
employment is expected to be -0,34% lower than that for the base scenario. Total
Service sector employment, on the other hand, is expected to settle at a slightly higher
level.
As described above, the introduction of a completely capital intensive technique leads
to a relative decline in some of the coal sector’s intermediate input requirements per
unit of output. To the extent that some of these inputs are currently imported by the
relevant sectors, imports are expected to decline as a direct consequence of the coal
sector change of technique. However, since the capital requirements of the coal
sector, in the form of machinery and other inputs, is mainly imported, the move to a
capital intensive technique implies a gradual increase in imports from certain sectors,
such as Metal Products, Machinery and Equipment, and Motor Vehicles, Parts and
Accessories, etc. (Table 3.4.8, part D).
Given the above analysis, the macroeconomic dynamic impacts of implementing a
completely capital intensive technique of production are mainly negative (Table 3.4.8,
part E). Total real GDP remains unchanged compared to the base scenario. Total
real investment and total real imports become higher than in the base scenario.
Finally, the general price index will be lower relative to that in the base scenario.
To assess the long run impact of the introduction of a completely capital intensive
scenario, Table 3.4.9 provides the results for a number of key variables tens years
after the introduction of the change of technique for coal production or five years after
the full implementation of the new technique. The comparison of the tenth and the fifth
year results indicates that subsequent to the change of production technique in the
coal sector, the sector’s coal output continues to improve marginally relative to the
base scenario. This is accompanied by a further decline in the employment relative to
the base scenario as investment in capital goods continues.
At the macroeconomic level, the total real output remains unaffected which
corresponds to relatively no significant change in other macroeconomic variables,
relative to the value for the fifth year.
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Table 3.4.9
Long term results for capital intensive scenario
Coal sector results
Real Output
Employment
Ave Real Remuneration
Price
Real Investment
Real Labour Productivity
Capital Labour Ratio
Profit Rate

Year 5
1,987%
-2,677%
2,255%
-0,488%
10,212%
3,416%
4,030%
2,469%

Year 10
2,087%
-4,619%
2,906%
-0,512%
10,722%
3,416%
4,380%
3,658%

Year 5
0,000%
-0,150%
0,084%
-0,196%
0,010%
-0,005%

Year 10
0,000%
-0,168%
0,087%
-0,202%
0,012%
-0,006%

Macroeconomic results
Total Real Output
Total Employment
Total Real Investment
Total Real Household Consumption
Total Real Imports
General Price Level

Scenario 4: 100% capital intensive mining with dependence on imports reduced to
zero
This scenario builds on the third scenario by adding the element of domestic
production for all coal sector input requirements. The inclusion of the 100% local input
requirement has significant implications for the performance of other economic
sectors. When such an outcome is large enough, we can also identify its impacts
(dynamic) on the coal sector.
The analysis of the previous section regarding the capital intensive technique and the
direction of impacts, remain unchanged. However, the magnitude of impacts differs.
Table 3.4.10, part A provides simulation results for coal sector variables, when the
capital intensive technique is accompanied by the 100% local input requirement. The
scenario four results are significantly different from scenario three results (Table 3.4.8,
part A). This outcome is mainly due to the overwhelmingly positive impact of the local
input requirement on the rest of the economy and the subsequent dynamic effects of
these results on coal sector variables. Therefore it is important to note that the
benefits of using local inputs go beyond the impacts on sectors providing such inputs.
Higher economic activity in the input providing sectors also leads to higher demand for
coal, not directly linked to the choice of technique in the sector.
With no exception, all main sectors that are significantly linked to the coal sector will
experience relatively higher output as a result of the new technique and local input
requirement. This is especially true of sectors that provide machinery and equipment
to the coal sector (Table 3.4.10, part B). Sectors such as Basic Chemicals or Other
Chemicals, whose outputs are expected to decrease as a result of a decline in the
coal sector per unit requirement, also experience higher outputs. This outcome is due
to the dynamic effects of the rise in domestic output of sectors whose supply to the
coal sector has increased. Overall, total manufacturing output remains higher than
that of the base and first capital intensive scenarios. By the end of the fifth year, total
manufacturing real output is expected to be 1,5% higher than the base scenario.
Similarly, outputs in total services and in total mining are expected to be higher than
the base scenario results.
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Table 3.4.10
Results for capital intensive scenario with no imports
Part A Coal sector results
Real Output
Employment
Ave Real Remuneration
Domestic Price
Real Labour Productivity
Capital Labour Ratio
Rate of Profit

Year 1
Year 2
Year 3
Year 4
Year 5
0,580% 1,186% 1,830% 2,468% 3,059%
0,039% -0,323% -0,966% -1,910% -3,093%
0,447% 1,040% 1,625% 2,206% 2,790%
-0,105% -0,096% -0,102% -0,120% -0,148%
0,674% 1,353% 2,036% 2,723% 3,416%
0,016% 0,512% 1,398% 2,729% 4,476%
0,806% 1,647% 2,446% 2,709% 3,407%

Part B Sector outputs
Coal Mining
Coke & refined petroleum products
Basic chemicals
Other chemicals & man made fibres
Metal products excl,machinery
Machinery and equipment
Electrical equipment
Motor vehicles, parts & accessories
Electricity, Gas and water
Transport, storage, and communication
Other services
Total mining
Total manufacturing
Total services
Total economy

Year 1
Year 2
Year 3
Year 4
Year 5
0,580% 1,186% 1,830% 2,468% 3,059%
0,245% 0,490% 0,737% 0,983% 1,231%
0,021% 0,094% 0,159% 0,222% 0,250%
0,107% 0,291% 0,474% 0,652% 0,779%
0,421% 0,844% 1,270% 1,698% 2,114%
1,296% 2,609% 3,939% 5,286% 6,650%
5,345% 11,026% 17,010% 23,312% 29,899%
0,528% 1,103% 1,683% 2,272% 2,866%
0,093% 0,233% 0,371% 0,506% 0,607%
0,163% 0,403% 0,642% 0,877% 1,048%
0,010% 0,020% 0,030% 0,040% 0,050%
0,061% 0,112% 0,141% 0,165% 0,182%
0,289% 0,588% 0,888% 1,195% 1,511%
0,038% 0,089% 0,137% 0,182% 0,215%
0,080% 0,165% 0,246% 0,326% 0,401%

Part C Sector employment
Coal Mining
Coke & refined petroleum products
Basic chemicals
Other chemicals & man made fibres
Metal products excl,machinery
Machinery and equipment
Electrical equipment
Motor vehicles, parts & accessories
Electricity, Gas and water
Transport, storage, and communication
Other services
Total mining
Total manufacturing
Total services
Total economy

Year 1
Year 2
Year 3
Year 4
Year 5
0,039% -0,323% -0,966% -1,910% -3,093%
0,066% 0,132% 0,199% 0,265% 0,332%
0,004% 0,018% 0,032% 0,045% 0,051%
0,060% 0,156% 0,255% 0,347% 0,408%
0,841% 1,771% 2,753% 3,735% 4,750%
0,560% 1,227% 1,891% 2,553% 3,135%
0,325% 0,900% 1,308% 1,829% 2,513%
1,056% 2,316% 3,650% 4,998% 6,440%
0,051% 0,169% 0,405% 0,884% 1,141%
0,047% 0,095% 0,141% 0,213% 0,270%
0,046% 0,114% 0,181% 0,247% 0,296%
0,006% -0,024% -0,097% -0,219% -0,394%
0,177% 0,600% 1,269% 2,135% 3,157%
0,004% 0,006% 0,008% 0,012% 0,068%
0,036% 0,138% 0,338% 0,666% 1,139%
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Table 3.4.10 (cont.)
Part D Sector imports
Coal Mining
Coke & refined petroleum products
Basic chemicals
Other chemicals & man made fibres
Metal products excl,machinery
Machinery and equipment
Electrical equipment
Motor vehicles, parts & accessories
Electricity, Gas and water
Transport, storage, and communication
Other services
Total mining
Total manufacturing
Total services
Total economy

Year 1
0,000%
-0,196%
0,511%
0,340%
-0,053%
0,216%
5,088%
0,493%
0,000%
0,000%
0,000%
0,000%
0,317%
0,000%
0,242%

Year 2
0,000%
-0,458%
0,983%
0,502%
-0,146%
0,582%
10,492%
0,937%
0,000%
0,000%
0,000%
0,000%
0,630%
0,000%
0,478%

Year 3
0,000%
-0,741%
1,428%
0,656%
-0,268%
0,873%
16,174%
1,345%
0,000%
0,000%
0,000%
0,000%
0,921%
0,000%
0,698%

Year 4
0,000%
-1,030%
1,871%
0,815%
-0,394%
1,164%
22,144%
1,748%
0,000%
0,000%
0,000%
0,000%
1,339%
0,000%
1,000%

Year 5
0,000%
-1,321%
2,284%
0,956%
-0,550%
1,426%
28,365%
2,115%
0,000%
0,000%
0,000%
0,000%
1,651%
0,000%
1,235%

Part E Macroeconomic results
Total Real Output
Total Employment
Total Real Investment
Total Real Household Consumption
Total Real Imports
General Price Level

Year 1
Year 2
Year 3
Year 4
Year 5
0,080% 0,165% 0,246% 0,326% 0,401%
0,036% 0,138% 0,338% 0,666% 1,139%
0,006% 0,020% 0,041% 0,066% 0,031%
0,194% 0,529% 0,892% 1,278% 1,656%
0,242% 0,478% 0,698% 1,000% 1,235%
-0,018% -0,039% -0,068% -0,104% -0,148%

Additionally, sectoral employment increases with the rise in economic activity. Total
manufacturing employment is expected to be 3,16% higher than in the base scenario
by the time the new technique is fully in place. (Table 3.4.10, part C).
The overall macroeconomic impacts of implementing a completely capital intensive
technique with 100% local input in the coal sector are as follows:
a)
total real GDP is expected to be relatively higher than in the base scenario,
ranging from 0,08% to 0,4% during the five year adoption of the new
technique;
b)
total employment is expected to be 1,1% higher than in the base scenario, or
about 117 688 employees more than in the base scenario;
c)
total investment, real household consumption and real imports are also
expected to be higher than in the base scenario.
d)
Given the current excess capacity in the economy, the general price index is
expected to be 0,1% less than in the base scenario. (Table 3.4.10, part E).
Table 3.4.11 provides the results for the long run impact of the introduction of a
completely capital intensive technique with 100% domestic input in the coal sector. It
compares the results for a number of key variables tens years after the introduction of
the change of technique for coal production or five years after the full implementation
of the new technique. The comparison of the tenth and the fifth year results indicate
that subsequent to the change of production technique in the coal sector, the sector’s
coal output continues to improve relative to the base scenario. This is accompanied by
a further decline in the employment relative to the base scenario as investment in
capital goods continues.
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At macroeconomic level, the long run improvement in the coal output leads to an
improvement in the positive impacts of the this technique on the economy-wide output
and employment.
Table 3.4.11
Long term results for capital intensive scenario with no imports
Coal sector results
Real Output
Employment
Ave Real Remuneration
Price
Real Investment
Real Labour Productivity
Capital Labour Ratio
Profit Rate

Year 5
3,059%
-3,093%
2,790%
-0,148%
10,212%
3,416%
4,476%
3,407%

Year 10
4,384%
-3,886%
3,149%
-0,165%
14,636%
3,416%
4,835%
3,634%

Year 5
0,401%
1,139%
0,031%
1,656%
1,235%
-0,148%

Year 10
0,601%
1,983%
0,046%
1,711%
1,435%
-0,170%

Macroeconomic results
Total Real Output
Total Employment
Total Real Investment
Total Real Household Consumption
Total Real Imports
General Price Level
3.5

Analysis of sensitivity of implications to macro economic assumptions
The sensitivity of the findings to selected parameters was examined to determine the
extent to which macro-economic assumptions would influence the outcomes of the
study. In the primary set of runs of the macro-economic model, the following key
assumptions were made, which are thought a priori may influence the relative
attractiveness of capital and labour intensive mining and the impacts which would
result from reducing dependence on imports of equipment and supplies.
•
Locally sourced materials and equipment would be at the same cost as those
currently imported.
•
Coal price would respond according to the established macro-economic model
relationships.
•
Coal sector wage rates will escalate in accordance with established macroeconomic relationships modified by the changes in skills distribution required by
the selected production technique.
•
Rand will depreciate in accordance with established macro-economic trends and
predictions.
•
Elasticity of employment to changes in output demanded from sectors supplying
the coal sector will be in accordance with the relationships incorporated in the
macro-economic model
Two series of runs of the macro-economic model were conducted to identify whether
the relative merits of the current and four alternative scenarios would be significantly
influenced by changing some of these assumptions. Table 3.5.1 provides the
alternative assumptions which were examined specifically to perform the sensitivity
analysis, on the basis that these were the most important to consider.
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Table 3.5.1
Alternative assumptions for sensitivity analysis
Assumption
Coal price will follow normal trend despite changes in coal production costs
Locally sourced materials and equipment would be 15% more expensive than those
currently imported
Sensitivity to coal price assumptions
In order to provide a sensitivity analysis of the model to the coal price assumptions, it
was decided to simulate the model under the assumption that the price of coal is given
exogenously (i.e., is determined by forces outside the model) and remains constant
over the five year period of simulation. A current scenario version of the model was
first run with the modified coal price assumption, followed by simulations of each of
the four scenarios under a constant coal price.
An assessment of the sensitivity of the model to the revised coal price behaviour
assumption was made by comparing the simulation results of each of the four
scenarios with the corresponding results that include the revised price assumption.
For example, results for the labour intensive scenario under an exogenously given
coal price show that the coal sector real output will establish at a lower level compared
to results for the primary coal price assumption. This is because under the
assumption of an exogensouly given coal price, the price of coal is not allowed to
adjust (rise) with the decline in the labour productivity. Consequently, the rise in the
unit production cost (thus decline in the profit rate) which cannot be translated into a
higher unit price induces a reduction in output.
Table 3.5.2
Sensitivity of results to assumptions on coal price
Coal sector results
Labour intensive
current imports
Price
Price
variable fixed
Real output
-10,33% -11,07%
Employment
13,88% 13,90%
Ave real remuneration -11,38% -11,40%
Price
2,74% 0,00%
Real labour productivity -16,73% -16,73%

Labour intensive
reduced imports
Price
Price
variable fixed
-9,79% -10,59%
13,58% 13,59%
-11,10% -11,11%
2,96% 0,00%
-16,73% -16,73%

Capital intensive
current imports
Price
Price
variable fixed
1,99% 2,14%
-2,68% -2,68%
2,25% 2,26%
-0,49% 0,00%
3,42% 3,42%

Capital intensive
reduced imports
Price
Price
variable fixed
3,06% 3,10%
-3,09% -3,10%
2,79% 2,80%
-0,15% 0,00%
3,42% 3,42%

Labour intensive
reduced imports
Price
Price
variable fixed
0,31% 0,30%
1,37% 1,38%
-0,30% -0,31%
1,76% 1,75%
0,70% 0,68%
-0,08% -0,13%

Capital intensive
current imports
Price
Price
variable fixed
0,00% 0,00%
-0,15% -0,15%
0,08% 0,08%
-0,20% -0,22%
0,01% 0,01%
0,00% 0,01%

Capital intensive
reduced imports
Price
Price
variable fixed
0,40% 0,41%
1,14% 1,13%
-0,03% -0,04%
1,66% 1,67%
1,23% 1,24%
-0,15% -0,14%

Macroeconomic results

Real output
Employment
Real investment
Real household cons.
Real imports
General price level

Labour intensive
current imports
Price
Price
variable fixed
0,06% 0,05%
0,63% 0,65%
-0,24% -0,24%
0,71% 0,75%
0,04% 0,02%
0,00% -0,05%
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At the macroeconomic level, and in the absence of an increase in the coal price, the
general price index establishes at a relatively lower level under the labour intensive
scenario with a constant coal price. The lower general price level also directly impacts
the price levels, outputs, exports and imports of a number of other sectors in the
economy. A combination of a lower general price index and lower coal production
triggers relatively lower (higher) activities in the sectors linked to the coal sector that
were expected to benefit (lose) from the change in the production technique in the
coal sector.
Table 3.5.2 provides a summary of the results for the four scenarios under the primary
assumption of a coal price responding according to the established macro-economic
behaviour and the revised assumption of a fixed coal price.
Sensitivity to assumptions on prices of locally produced equipment and supplies
For a second sensitivity analysis, it was decided to model under the assumption that
the price of locally produced goods would be 15% greater than the price of the
currently imported equivalents. The figure of 15% was chosen arbitrarily for the sole
purpose of permitting exploration of the sensitivity to this assumption.
To analyse the sensitivity of the model to this assumption, two simulations were run
under the revised assumption. The first considered the second coal sector scenario labour intensive mining with 100% replacement of imports by locally produced
supplies, while the second addressed the fourth coal sector scenario - capital
intensive mining with 100% replacement of imports by locally produced supplies. The
scenarios not involving a substitution of imports by locally produced goods would
obviously not be sensitive to this assumption. The results were then compared to the
results that were obtained in the previous section of this paper for those scenarios
under the primary assumption. Table 3.5.3 provides a summary of the results for the
two scenarios comparing the results under the primary and revised assumptions.
The results show that the results are strongly sensitive to the assumption of the
relative price of locally produced goods. For example, the negative impact on the coal
sector’s output under the scenario of labour intensive mining with 100% local inputs is
expected to exacerbate under the assumption of higher domestic prices for the
domestically produced intermediate goods for the coal sector. In the case of the
capital intensive mining with 100% local inputs scenario, higher prices of locally
produced goods compared to their imported equivalents result in the coal sector
declining as opposed to increasing under the primary assumption. The worsening of
the coal sector output under the two scenarios with the revised assumption is
because, with relatively higher domestic prices, for currently imported intermediate
goods of sectors providing inputs to the coal sector, the unit production cost of the
coal sector will increase. This leads to combined effects of a relatively higher
domestic coal price, lower profitability, and coal output. This impact is even more
drastic under the scenario of capital intensive mining with 100% locally produced
goods since the coal sector’s shift to a complete capital intensive method of
production leads to a significant increase in demand for machinery goods that were
originally imported but are expected to be produced domestically. Under the revised
assumption for the domestic prices, the substitution of otherwise imported machinery
goods with their domestically produced substitutions imply a major increase in the unit
cost of coal production and a significant decline in the sector’s profitability.
At the macroeconomic level, the higher domestic prices of substitutes for the imported
intermediate goods lead to a relatively higher general price index. A combination of a
relative decline in the coal sector output and higher domestic prices triggers lower
activities and employment in the sectors linked to the coal sector. Consequently, the
economy-wide total output and employment decline under the two scenarios with the
new price arrangement.
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Table 3.5.3
Sensitivity of results to assumptions on price of locally produced supplies
Coal sector results

Real output
Employment
Ave real remuneration
Price
Real labour productivity

Labour intensive
reduced imports
Local Local 15%
same
more
-9,79% -14,75%
13,58%
14,65%
-11,10% -12,11%
2,96%
3,22%
-16,73% -16,73%

Capital intensive
reduced imports
Local Local 15%
same
more
3,06%
-2,60%
-3,09%
-2,18%
2,79%
1,63%
-0,15%
0,12%
3,42%
3,42%

Labour intensive
reduced imports
Local Local 15%
same
more
0,31%
-0,54%
1,37%
-7,36%
-0,30%
-0,34%
1,76%
-8,17%
0,70%
-0,63%
-0,08%
1,33%

Capital intensive
reduced imports
Local Local 15%
same
more
0,40%
-0,45%
1,14%
-7,58%
-0,03%
-0,12%
1,66%
-8,19%
1,23%
-0,12%
-0,15%
1,28%

Macroeconomic results

Real output
Employment
Real investment
Real household cons.
Real imports
General price level
3.6

Discussion
Table 3.6.1 provides a summary of the results of the socio-economic modelling carried
out in this task. The values presented relate to 5 years after initiating a change in
sector strategy coinciding with the time at which a complete change has been
achieved. The percentages quoted represent a change from the base scenario which
would be to continue according to the status quo.
It is apparent that the coal sector performance is mainly affected by the choice of
production technique, with limited impact resulting from whether supplies from other
sectors are sourced locally or through imports. Through adoption of a labour intensive
production technique, output of the coal sector declines substantially while, with the
substantially lower labour productivity, employment in the sector increases. There is
associated downward pressure on wage rates as less skilled labour is used and the
sector comes under economic pressure. Profit rates are squeezed by a substantial
amount. A strategy of further mechanization introducing complete capital intensive
mining leads to opposite trends.
Macro-economic performance is strongly influenced by both the technique of
production in the coal sector and also the extent to which the coal sector makes use of
imported supplies. A combination of increased employment and decreased
dependence on imports resulting from adoption of labour intensive mining appears to
act as a stimulus for economic growth as evidenced by the increases in total real
output and total household consumption. These positive effects translate into an
overall increase in the requirements for imported goods despite the reduced
requirement for imports of the coal sector. Reducing the dependence of imports for
labour intensive mining in the coal sector further enhances this trend.
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Table 3.6.1
Summary of socio-economic modelling results
Coal sector results

Real output
Employment
Ave real remuneration
Price
Real investment
Real labour productivity
Capital labour ratio
Profit rate

Labour intensive
Current
Reduced
imports
imports
-10,33%
-9,79%
13,88%
13,58%
-11,38%
-11,10%
2,74%
2,96%
-28,72%
-28,72%
-16,73%
-16,73%
-15,90%
-15,67%
-9,62%
-9,09%

Capital intensive
Current
Reduced
imports
imports
1,99%
3,06%
-2,68%
-3,09%
2,25%
2,79%
-0,49%
-0,15%
10,21%
10,21%
3,42%
3,42%
4,03%
4,48%
2,47%
3,41%

Labour intensive
Current
Reduced
imports
imports
0,06%
0,31%
0,63%
1,37%
-0,24%
-0,30%
0,71%
1,76%
0,04%
0,70%
0,00%
-0,08%

Capital intensive
Current
Reduced
imports
imports
0,00%
0,40%
-0,15%
1,14%
0,08%
-0,03%
-0,20%
1,66%
0,01%
1,23%
0,00%
-0,15%

Macroeconomic results

Total real output
Total employment
Total real investment
Total real household consumption
Total real imports
General price level

It therefore appears that the adoption of labour intensive mining and reduction in the
dependence on imports would be detrimental and neutral respectively to the
profitability of the coal sector while contributing positively to national social and
economic performance.
A similar but reverse pattern applies to the adoption of capital intensive production
methods, but with even larger impacts due to reducing dependence on importation as
capital intensive mining currently makes more use of imports than labour intensive.
In addition to the socio-economic outcomes which were explicitly modelled in this
study, there are a number of other implications which would arise from the different
strategic trajectories.
Impacts on safety and health
Employment of additional workers through adoption of labour intensive techniques of
production would inevitably have the effect of exposing more individuals to hazardous
conditions. While no statistics are available to this study to assess the relative
magnitude of the safety and health risks in capital and labour intensive mining, it
would be reasonable as a first approximation to suggest that the number of fatalities,
injuries and cases of occupational disease would be proportional to the number of
workers employed underground. Since labour intensive methods would imply a
greater proportion of workers in the immediate working face area where risks are
generally higher, this assumption may well be a conservative one. Some mitigation of
health risk may arise, however, as dust generation follows a different profile under drill
and blast methods compared with continuous miners.
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Impacts on coal reserve extraction rates
Based on work reported in Wagner and Madden (1984), the size of coal pillar which
needs to be left depends on the technique used to extract the coal. It is indicated that,
in the range of geological conditions typically found in South African collieries,
between 4 and 6% less coal can be extracted using the labour intensive methods
considered in this report than with capital intensive methods. This is mainly due to the
increased extent of fracturing in the perimeter of the pillars as well as the poorer
control on excavation geometry. As an example, at a mining depth of 100 m
extracting a coal seam of height 3 m using bords of width 6,5 m with a safety factor of
2, an extraction ratio of 59,2% can be achieved with continuous miners and only
55,8% using drill and blast. The loss in extraction ratio is lower for deeper deposits
and for higher seam widths.
The implication of these statistics is that, for a given production of saleable tons of
coal, an area of around 5% more needs to be exploited using labour intensive
methods than with capital intensive methods. For a colliery with a current remaining
life of 20 years using continuous miners, this would be reduced to 19 years if a shift to
drill and blast technology were implemented. The macro-economic results indicate
that, for labour intensive mining, total output of the coal sector will be reduced by
about 10%, while domestic coal price will not be affected to a major extent. Thus,
given that the efficiency of extraction of the resources would be lower by 5% while the
overall production rate would be lower by 10%, the lives of the collieries would be
extended by of the order of 5%, or one year for a colliery with a current 20 year life.
It is possible that technologies being developed through Coaltech would open the
possibilities of extracting the coal in the pillars by continuous miner based methods,
and parallel technological developments could be contemplated for labour intensive
methods. This would further influence the implications for the economically active life
of the current coal resources, and these are therefore key issues which should be
taken into account in determining the industry’s strategic direction.
Impacts on society in general
There is little doubt that reductions in the number of people unemployed has generally
positive societal consequences. Typical outcomes would be the enhancement of
family values, reductions in the levels of crime and violence, reduction of cases of ill
health due to improved living conditions, reductions in substance abuse and a slowing
in the rate of spread of HIV/AIDS. While almost impossible to quantify as explicit
outcomes, and certainly not within the scope of this study, some of the social and
economic effects may be captured implicitly in the macroeconomic modelling.
Sensitivity analysis indicated that the results are not strongly sensitive to assumptions
on how the coal price will respond to economic forces. A coal price responding to the
established macro-economic behavioural rules or a fixed coal price yield a similar set
of macro-economic modelling results. The assumption on the price of locally
produced supplies to the coal sector, however, causes major fluctuations in the
implications. While substitution of imported goods at an equivalent price causes
positive macro-economic implications, with consequential benefits for the coal sector,
if the price of the locally produced supplies were to be 15% higher than the imported
equivalent, a significant reversal is observed. It is therefore concluded that a serious
review of production costs would need to be undertaken to accurately determine the
implications of a strategy to substitute imports.
The results presented in this report are based on representative mining conditions
where the use of either continuous miners or drill and blast methods would be
technically and practically feasible. Consistent with the strategic nature of this study
which endeavours to project sector wide and national effects by examining extreme
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cases, changes to entirely labour intensive and entirely capital intensive methods
have been analysed. By providing information on what would happen as a result of a
change to an extreme condition, it is reasonable to interpolate what would happen
through a less extreme transition. The results are presented in order to permit the
readership to evaluate the general attractiveness, or otherwise, of moves towards
labour intensive mining, moves towards capital intensive mining and moves to reduce
the dependence of the coal sector on imported equipment and materials, as this
should provide a basis for determining an overall strategic direction for the coal sector
and those sectors which provide supplies to the coal sector. It is well recognized that
there are mining circumstances under which labour or capital intensive mining is more
appropriate due to the geological conditions or the like, and specific decisions will
need to take into account individual characteristics of the situation.
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4

CONCLUSIONS

Table 4.1 presents a qualitative summary of the major outcomes which would result from the
adoption of different strategic directions in the coal mining and associated sectors.
Quantitative information on the magnitude of the effects is provided in earlier sections of this
report.
Table 4.1
Qualitative summary of outcomes of strategic directions
Move to labour intensive mining
Reduced profitability of coal sector
Increases in employment
Reduced average coal sector remuneration due to lower skill requirements
Stimulus for macro-economic growth
Adverse safety and health implications
Slower depletion of extractable coal reserves due to a combination of lower
efficiency of extraction and reduced annual coal output
Positive impact on societal issues (crime, violence, HIV/AIDS)
Move to reduce dependence on imports
Neutral for profitability of coal sector
Increases in employment
Neutral for coal sector average remuneration
Stimulus for macro-economic growth
Neutral safety and health implications
Neutral for rate of depletion of extractable coal reserves
Positive impact on societal issues (crime, violence, HIV/AIDS)
Against this profile of outcomes which would result from adoption of different strategies, it is
apparent that the interests of the major stakeholders, ie employers, labour and the state,
would be differently served by different strategies. It is not the intention of this report to
address the issue of desirability of outcomes to the various stakeholders, but the following are
presented as inputs to future multi-stakeholder interactions.
With respect to the adoption of labour intensive methods, it would appear that strong
incentives would have to be provided to employers in order for them to be prepared to adopt
a strategy which would affect profits and returns on investment, even if this strategy were
regarded as being in the overall national interest. The issue of the inferior efficiency of
extraction of coal resources using labour intensive mining due to the use of conventional
technology is one that needs to be considered seriously by all stakeholders balancing short
term benefit with responsibility for long term usage of a national asset. In addition, safety and
health implications associated with more workers being exposed to hazards, while not taken
into account explicitly in the modelling work, would undoubtedly be regarded as a negative
outcome universally. For labour and the state in particular, there appear to be strong
challenges to determine whether labour intensive methods of production would represent a
net benefit or not.
On the issue of local sourcing of supplies required by coal mining, under the assumption that
local supplies would be at the same cost as current imports, it would appear that the
outcomes are relatively neutral for the coal sector itself, while there would be strong benefits
at national level. While there is little incentive for the employers or labour in the coal sector to
stimulate a reduction in the requirements for importation, stakeholders from other sectors and
from the state could derive considerable benefit by driving such a strategic intervention. It
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should be stressed however that these benefits are strongly dependent on the assumption
that local sourced supplies would be at the same cost as imports, and sensitivity analysis
indicates that the these benefits are strongly sensitive to the price at which locally produced
goods could be produced.
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