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ABSTRACT

South African industry is more energy intensive than most developed countries. This
is partly due to the energy-intensive structure of industry in South Africa and greater
specific energy consumption for most products. This has been attributed to (1) the
relative costs of labour, energy, and capital which in South Africa favour labour and
energy, (2) external factors such as the quality of raw materials, and (3) the level of
energy effectiveness which depends largely on awareness and knowledge. All these
factors must be considered when estimating the potential for improved energy
effectiveness.

Two energy consumption scenarios were developed - a business-as-usual scenario
and an energy-effective scenario. Under the business-as-usual scenario energy use
between 1990 and 2015 will decrease at an average rate of 0,94-1,38%/annum
compared to energy use if efficiencies were frozen. However under the energy-
effective scenario energy use between 1995 and 2015 can be further reduced by
0,62-0,8%/annum. These rates of reduction are consistent with the findings of
studies conducted for other countries.

Annual energy costs could be reduced by about 89-12% in 2005 and 14-16% in 2015
through improved energy effectiveness. It is estimated that the average pay-back
period is 1,5 years, and thus the total investment required by industry is roughly 1,5
times the annual saving in energy cost. These savings can only be realized through
increased aw'areness, knowledge, training, incentives, and research support.



-ii -
EXECUTIVE SUMMARY

The main objective of this report is to provide policy makers with an estimate of the
benefits of improved industrial energy effectiveness in South Africa. This is
accomplished by comparing energy use up to the year 2015 under two scenarios:

(1)  A’business-as-usual’ scenario with no extra energy effectiveness initiatives.

(2) An’energy effective’ scenario where authorities embark on an energy
effectiveness programme from 1985 similar to those of other countries who
have successfully promoted energy effectiveness. |

A comparison of energy intensities with other developed countries shows that South
Africa’s industrial energy intensity would be 26% less if it’s industrial structure is
adjusted to that of a typical developed country.

Specific energy consumption, independent of industrial structure, for paper, bricks,
cement, and steel are generally greater in South Africa than in developed countries,
but generally at the lower end of the range for developing countries. Reasons for
specific energy consumption béing higher in South Africa than developed countries
are:

(1)  The relative costs of energy, labour, and capital favour greater use of energy
and labour, and less capital expenditure, than in most developed countries.

(2) A number of external factors, beyond the control of industry, favour increased
specific energy consumption in South Africa. Examples are quality of raw
materials, quality and mix of products, fuels mix, cost of energy-effective
equipment, age of plants, utilisation of production capacity, and size of
production units.

(8)  The likelihood that energy is not used effectively in South Africa: For instance
energy losses are sometimes higher than necessary, waste energy is not
always recovered when cost-effective, maintenance and operating
procedures are often inadequate, there is insufficient accountability for energy
use, and insufficient attention is given to energy in the design stage.

The two energy consumption scenarios were developed for both a low and high
growth in the economy. A frozen efficiency scenario was also developed for energy
use in order to compare energy efficiency improvement rates with other studies.
Under the business as usual scenario energy use between 1990 and 2015 will
decrease at an average rate of 0,94-1,38%/annum over the frozen efficiency



scenario. However under the energy effective scenario energy use between 1995
and 2015 can be further reduced by 0,62-0,8%/annum. These rates of reduction are
consistent with the findings of studies conducted for other countries.

The following summarises the energy cost scenarios (Rmillion, 1993 prices):

2005
LOW HIGH
Business-as-usual 12998 15 445
Energy effective 11 846 13 651
Potential saving 1152 1794

2015
LOW HIGH
13676 20752 -
11830 17 479
1847 3273

Annual energy costs could be reduced by about 9-12% in 2005 and 14-16% in 2015
through improved energy effectiveness. It is estimated that the average pay-back
period is 1,5 years, and thus the total investment required by industry is roughly 1,5
times the annual saving in energy cost. The alternative to improved energy

effectiveness will be investment in new capacity.

This potential could be realised through government providing a seed from which
greater industrial energy effectiveness can grow. It is recommended that broad
categories of government assistance should include a general awareness campaign,
subsidised energy audits, demonstration schemes, training, cogeneration

incentives, and joint R&D projects.
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1. INTRODUCTION

The purpose of this report is to assess the potential benefits of improved energy
effectiveness in manufacturing and mining in South Africa. Energy effectiveness is
usually quantified by calculating energy intensity or specific energy consumption
which both indicate energy consumption per unit of output. In order to understand
these terms and a number of others unambiguously it is necessary that they be
defined.

1.1 DEFINITIONS

Energy effectiveness is the use of energy in such a way so as to provide maximum
benefit to society as a whole: economically, socially, environmentally, and politically.
Improved energy effectiveness is usually accomplished through fuel switching,
reduction of energy consumption, and energy demand reduction.

Primary energy refers to the energy content of primary sources, mainly fuels as
mined. Primary energy should include the energy loss in the production of fuels and
electricity, as well as transmission losses. Primary energy is thus useful when
considering resources.

Net energy refers to the energy content of fuels and electricity supplied. For
electricity the net energy equivalent is 3,6 MJ/KWh. Net energy is useful when
assessing end-use of energy.

Physical output is the actual mass, volume, or number of end-products. A probiem
with using physical output is that in many industries the output is not homogeneous
or well defined, such as the food industry. In order to use meaningful physical
outputs it is necessary that industries be disaggregated to a point where physical
outputs are well defined. This means that for some industries the use of physical
outputs is impractical as the degree of disaggregation required is too extensive.

Economic output is usually expressed as value added which is defined as the
economic value added to raw materials in production. Value added is equal to the
difference between total value of sales and cost of materials.



Energy intensity is defined as the ratio of primary or net energy consumption to
economic output. Energy intensity is useful when comparing the various subgroups
of industry for one country, and for inter-Country comparisons. A problem of using
energy intensity for inter-country comparisons is the conversion of national
currencies to a common base. The use of market exchange rates, derived from the
internationally traded component of national output, is not always well adapted for
the conversion of the much larger non-trade component. An alternative has been
the use of estimated exchange rates reflecting purchasing power parities.

It is possible for a country to have a higher industrial energy intensity simply because
of the predominance of inherently energy-intensive activities. In order to exclude
structural effects from energy intensities, it is necessary to disaggregate industry to a
point where physical output is well defined.

Specific energy consumption (SEC) is defined as the ratio of net energy
consumption to physical output. SEC is usually used for inter-country and time-
series comparisons of energy effectiveness for specific products. SEC is often
based on a well-defined intermediate product (such as pulp) rather than a more
-varied final product (such as paper). SEC is affected by age of equipment, type of
processes, economies of scale, energy prices, and energy management practices.
These factors may be manifestations of more fundamental features such as energy
resources, stage of development, skills, and economic policies.

1.2 OBJECTIVES

The objective of this report is to provide policy-makers with an estimate of the
benefits of improved industrial energy effectiveness in South Africa. This is
accomplished by comparing energy use up to the year 2015 under two scenarios:

(1)  A’business-as-usual’ scenario with no extra energy effectiveness initiatives.

(2) An’energy effective’ scenario where authorities embark on an energy
effectiveness programme from 1995 similar to those of other countries who
have successfully promoted energy effectiveness. ‘

Two important results of energy effectiveness are quantified: energy reduction and
electricity demand reduction which are converted to economic benefit to industry.
These economic benefits will filter through to the entire population through reduced
consumer costs, greater international competitiveness, decreased investment in the



energy sector, and increased employment. Other impacts of energy effectiveness
which are more difficult to quantify are reduced environmental impact of energy use
and conservation of energy resources.

Once the economic benefits to industry are quantified, manpower and costs
associated with promoting energy effectiveness can then be seen in better
perspective. In addition, this report highlights those industries and common energy
end-uses where the potential is greatest, indicating where emphasis on promoting
energy efficiency should be focused.

1.3 SCOPE OF THIS STUDY

This study covers energy effectiveness in mining and manufacturing, and excludes:
Electricity, gas, and steam production
Construction
Petroleum refining from oil and coal
Mining and manufacturing will be collectively referred to as industry. Industrial
groups have been classified according to the Standard Industrial Classification (SIC)
system. '



2. METHODOLOGY

2.1 INTRODUCTION
Net potential for improved energy effectiveness in the future will depend on:

(1) Market penetration rate of existing potential.

(2)  Aging and obsolescence of existing equipment giving rise to replacement
potential. '

(8)  Growth of industry and the resulting design options giving rise to new
capacity potential. .

Energy prices will have an effect on both potential and realised energy effectiveness

opportunities. It is assumed that energy prices will not change significantly in real

terms, although it is possible that energy prices will increase in the long term due to

the internalization of environmental costs. The energy price effect is not quantified

since the data available are not comprehensive enough to examine the effect of

price.

In order to construct the two energy scenarios and calculate the potential economic
benefits, the following information is necessary:

(1)  Anindustrial production scenario until 2015.

(2)  Growth of new industrial capacity until 2015.

(8) Energy effectiveness potential including existing potential, replacement
potential, and new capacity potential.

4) Market penetration curves. 4

(6) Energy prices to convert energy effectiveness improvement to economic
savings. “ '

2.2 INDUSTRIAL PRODUCTION SCENARIO
In order to calculate the potential for improved energy effectiveness, a scenario for

growth in industrial production is necessary. Changes in industrial production in
each industrial group were estimated from correlations with an appropriate statistic



such as GDP, population, or GDP/capita. In some industrial sectors estimates of
production growth were obtained from other studies which based their estimates on
plans for increased capacity, and supply and demand projections.

2.3 GROWTH OF NEW INDUSTRIAL CAPACITY

Growth of new industrial capacity depends on current excess capacity, future
capacity closure, and required future production. Current excess capacity is
estimated from the analysis of each industrial group. A capacity closure rate is
estimated, based on observed rates in the past.

2.4 ENERGY EFFECTIVENESS POTENTIAL
Energy effectiveness is usually accomplished through:

(1)  Fuel switching
2 Energy reduction
(8). Demand reduction

2.4.1 Fuel switching

Fuel switching potential is usually confined to specific applications with varied
benefits and is therefore difficult to assess. The potential for fuel switching is
therefore not quantified, although it is possible that a large potential for fuel switching
does exist. With the possibility of the introduction of natural gas to the South African
market, it is expected that a potential will arise for switching from other fuels to gas.
It is also likely that there will be continued switching from fuels to electricity until the
electricity market is saturated.

2.4.2 Energy reduction

The importance of choosing appropriate estimates of energy reduction potential is
illustrated by the results of a study in the USA(). The reduction in electricity use was
calculated between 1987 and 2000 for different assumptions. The results are shown
in Table 2.1.



Table 2.1 Potential reduction in electricity use in the USA between 1987
and 2000 (mean values)

Scenario % Reduction in
electricity use

Frozen efficiency 0
Business-as-usual 11,5
Economic potential 19
Technical potential 34

The 7,5% difference between the economic potential and business-as-usual
potential is the maximum electricity reduction possible through enhanced energy
effectiveness. Taking into account market penetration rates, realistic potential will be
even less. In the context of this study quoting potential relative to frozen efficiencies,
as opposed to business-as-usual, would be grossly incorrect. “Using technical
potential instead of economic potential would be violating the definition of energy
effectiveness.

There are a number of methods by which the potential for energy reduction can be
assessed. One is to compare energy intensities and SEC’s in South Africa with
those in developed countries and, taking the specific situation in South Africa into
account, infer the potential for energy reduction. A second approach is to analyse
energy use in industry in South Africa and identify areas where less energy could be
used. Such an analysis could be done by examining each industrial group or by
examining common industrial end-uses such as boilers, furnaces, electric motors,
etc.

Very little research has been directed to the potential for energy reduction in the
various industrial groups of South Africa. In some studies possible measures are
identified but not quantified. Some studies have looked at only a subdivision of an
industrial group, too small to be representative of the industrial group to which it
belongs. Other studies consider technical potential but not economic potential.
Because of numerous gaps in information, a combination of all the above
approaches is used to estimate existing, replacement, and new capacity potential.



2.4.3 Demand reduction

Demand reduction potential is applicable only to gas and electricity, but electricity
use far outweighs gas use and thus only electricity is considered. Demand
reduction can arise from an improved load factor and from energy reduction.
Energy reduction has already been covered. Potential load factor improvement is
calculated from an estimation of existing potential and new capacity potential.

2.5 MARKET PENETRATION

Based on historical data, market penetration of energy effective opportunities usually
follows an S-shaped curve. In the early period after a new process or product is
released adoption is slow because of high perceived risk and lack of information by
consumers. The rate of adoption then increases as perceived risk decreases and
consumer awareness increases, and uncertainty about price and quality decrease.
Finally the rate of adoption slows as the product saturates the market. Energy
effectiveness programmes can both accelerate market penetration and increase
long-run market share.

Market penetration models are usually based on modified Mansfield models. The

Mansfield/Blackman Market Penetration Model was used in this study. Two market

penetration scenarios are used, one for the business-as-usual scenario and one for

the energy effective scenario. The following assumptions are made:

- Energy prices will remain unchanged in real terms.

- Nofinancial incentives will be provided which would alter the economic feasibility
of some possibilities.

- A government campaign does not change the size of the potential market.

- No major technological breakthroughs.

2.6 CONVERTING ENERGY REDUCTION TO ECONOMIC SAVING

All economic savings are calculated in 1993 Rands. Cost-effective energy
effectiveness measures will generally have payback periods of under two years. By
estimating an average pay-back period, the investment required for these annual
energy cost savings is crudely estimated.



2.7 SUMMARY OF THE METHODOLOGY
Potential industrial energy effectiveness improvement is estimated by:

(1)  Estimating production and new capacity requirements by each industrial
group until 2015.

(2)  Estimating the energy reduction potential for each industrial group including
existing, replacement, and new capacity potential.

(8)  Estimating the total electricity demand reduction potential due to load factor
reduction and energy reduction. .

(4)  Calculating total industrial electricity demand and energy use until 2015 for
two scenarios: a ’'business-as-usual’ scenario and an 'energy-effective’
scenario.

(5) Converting potential demand reduction and potential energy reduction to
economic savings to industry.



3. THE PRESENT STATE OF INDUSTRIAL ENERGY EFFECTIVENESS IN
' SOUTH AFRICA |

3.1 INDUSTRIAL ENERGY USAGE IN SOUTH AFRICA
3.1.1 Energy consumption and energy intensity

Sectorial energy data were obtained from Cooper{*) who has initiated an energy
database for South Africa. Data collection has not yet been refined to a point of
adequate accuracy, although response to questionnaires has steadily improved. In
some cases energy resources used for non-energy purposes have been included in
the data. Nevertheless the database is the most comprehensive available, although
the accuracy of the data should not be taken for granted.

The latest value added statistics for industry, from the Central Statistical Services(®),
are for 1988, but only more recent energy data for 1990 and 1991 is available. In
order to calculate energy intensities it was necessary to update the value added
statistics to 1991. This was achieved by calculating the ratio of value added to sales
for 1988 and then multiplying the ratio with 1991 sales(®).

Table 3.1 shows net energy consumption, value added, and energy intensities for
industry in 1991 disaggregated to the three-digit SIC level. Five of the thirty-three
industrial groups (gold mining, food, paper and paper products, other non-metallic
minerals, and basic metals) consume 71% of total industrial net energy use. The five
most energy-intensive industries are ferrous metals, other non-metallic minerals
(dominated by cement and bricks), paper and paper products, pottery, and non-
ferrous metals. The energy intensity of mining is less than the manufacturing
average. '
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Table 3.1 Net energy consumption, value added, and energy intensity for
major industrial groups in South Africa in 1991

SIiIC

210
230
240
270
280

3
313
314
321
322
323
324
331
332
341
342
351
352
355
356
361
362
369
371
372
381
382
383
384
385
386
390

MAJOR GROUPS

Coal

Metal ore

Gold and uranium
Diamond

Other

Total mining

Food

Beverages

Tobacco

Textiles

Clothing

Leather

Footwear

Wood except furniture
Wood furniture

Paper and paper products
Printing

Industrial chemicals
Other chemicals
Rubber

Plastics

Pottery

Glass

Other non-metal minerals
Ferrous basic metals
Non-ferrous basic metals
Fabricated metal
Machinery

Electrical machinery
Motor vehicles
Transport equipment
Professional & scientific
Other manufacturing
Total manufacturing
Total industry

3.1.2 Energy costs

NET ENERGY
CONSUMPTION

(PJ)

111
29.4
87.2
3.7
5.3
136.7
90.0
11.0
0.9
17.5
1.6
1.3
0.4
8.0
1.1
66.4
2.9
54.9
12.8
58
3.6
2.3
8.1
82.9
288.1
254
14.0
58
5.1
6.5
11
0.4
73
725.3
862.0

VALUE
ADDED
(Rmillion)

4797
2910
13138
1390
4770
27005
8697
2685
401
2617
2099
277
759
1404
1015
3319
2863
3211
1982
991
1860
111
781
2170
4413
1407
4888
3407
3175
3699
1082
360
583
60254
87259

ENERGY
INTENSITY
(MJ/Rand)

2.3
10.1
6.6
27
1.1
5.1
10.4
4.1
22
6.7
0.8
4.8
0.6
5.7
1.0
20.0
1.0
171
6.5
5.8
1.9
21.1
10.4
38.2
65.3
18.0
29
17
1.6
1.8
1.0
12
12.5
12.0
9.9

industrial energy costs, also expressed as a percent of value added, are shown in
Table 3.2. Included is electricity as a percent of total energy consumption, since
electricity is the most expensive energy carrier. A survey of European industrial
managers indicated that industries with energy costs less than ten percent of
manufacturing costs were likely to pay significantly less attention to energy

efficiency(@5),
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Table 3.2 Industrial energy costs for South Africa in 1991

SIC MAJOR GROUPS ENERGY ELEC. ENERGY COST\

COST USE VALUE ADDED

(Rmillion) (%) (%)

210 Coal 217 77 45
230 Metal ore 516 71 17.7
240 Gold and uranium 1678 94 12.8
270 Diamond : 81 a5 5.8
280 Other 119 100 2.5
Total mining 2611 88 9.7

311 Food 823 20 9.5
313 Beverages 126 25 4.7
314 Tobacco 19 82 4.8
321 Textiles 291 39 1.1
322 Clothing 53 81 25
323 Leather 15 24 53
324 Footwear 17 95 22
331 Wood except furniture 112 32 8.0
332 Wood fumniture 39 94 3.9
341 Paper and paper products 433 21 13.0
342 Printing 59 89 2.1
351 Industrial chemicals 476 31 14.8
352 Other chemicals 246 83 12.4
355 Rubber 97 - 38 9.8
356 Plastics 115 73 6.2
361 Pottery 56 38 50.7
362 Glass 176 39 225
369 Other non-metal minerals 629 12 29.0
371 Ferrous basic metals 1900 21 43.1
372 Non-ferrous basic metals 380 58 27.0
381 Fabricated metal 382 47 7.8
382 Machinery 202/ 82 5.9
383 Electrical machinery 167 75 53
384 Motor vehicles 192 67 5.2
385 Transport equipment 36 76 3.3
386 Professional & scientific 14 86 4.0
390 Other manufacturing 89 8 15.3
Total manufacturing 7144 26 1.9
Total industry 9755 34 11.2

N

3.2 INTER-COUNTRY COMPARISON OF ENERGY INTENSITY

‘A number of problems arise when trying to perform inter-country comparisons of

energy intensity based on value added, and these are:

- Converting national currencies to a common base. ,

- The classification of industrial activity. Although most countries adhere to the
SIC classification, there are some activities, such as the manufacture of
ferroalloys, that are not well defined in terms of the SIC system.

- The inclusion of fuels used as feedstocks.

- The inclusion of non-purchased energy.

- Variations of the product mix within each industrial group.
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One study(®) examining manufacturing energy intensities attempted to overcome
some of these problems by using purchasing power parities to convert national
currencies to US$, collecting energy data from the energy statistics authority in each
country and, where possible, adapting energy statistics to conform to a common
classification. In order to exclude structural effects, a manufacturing energy intensity
was calculated for each country using the average manufacturing structure of the
eight countries analysed. The same methodology was applied to South Africa and
Table 3.3 shows the result. |

1988 energy intensities were used in the study, but since no accurate 1988 energy
information is available for South Africa, 1991 energy intensities were used. The
relevant purchasing power parity rate for South Africa is uncertain and hence the
exchange rate was used. One article('?) gives the relevant purchasing power parity
rate for South Africa to be 71% of the exchange rate, but it is based on a number of
assumptions and generalisations. In that case energy intensities would be 71% of
those shown in Table 3.3. Mining is not included in the above analysis, but mining
has a lower energy intensity than manufacturing, and is more prevalent in South
Africa. The inclusion of mining in the above analysis would reduce South Africa’s
energy intensity, and reduce the difference between actual energy intensity and
structure-adjusted energy intensity for South Africa.

Table 3.3 Inter-country comparison of manufacturing energy intensities
(MJ/1980 USS)

FRG DENMRK FRANCE  JAPAN NORWAY SWEDEN UK usa SA
Paper and pulp 30 29 30 43 100 183 18 82 65
Chemicals 25 15 - 26 17 43 24 20 39 41
Stone, clay, and glass 42 64 31 34 44 49 25 49 98
Iron and steel 90 53 102 80 216 81 119 111 212
Nonferrous metals 32 23 ] 15 146 83 34 62 59
Other 4 12 5 5 12 10 9 6 14
Total manufacturing 12 16 13 13 41 P14 14 17 39
Structure adjusted 12 16 13 11 29 21 15 18 29
Percent change 2 6 0 -1 -30 -23 5 6 -26

Inter-country differences in energy intensities for each industrial sector indicate that
influences, in addition to energy effectiveness, are present. This may be partly due
to purchasing power parities being inaccurate or inadequate. In order to exclude the
problem of converting currencies to a common base it is necessary to analyse
specific energy consumption. The above analysis is thus insufficient in drawing any
conclusions on the level of energy effectiveness. All that can be concluded is that if
the structure of industry in South Africa was adjusted to that of a typical developed
country then South Africa’s industrial energy intensity would decrease by about 26%.
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3.3 INTER-COUNTRY COMPARISON OF SPECIFIC ENERGY
CONSUMPTION

3.3.1 Sectorial analysis

Six industrial groups were chosen for detailed analysis, some general statistics of
which are presented in Table 3.4. Details of each industrial group appear in the
appendices. The six industries analysed consumed about 62% of total industrial
energy consumption in 1991, and accounted for 27% of total value added for
industry. The industries were selected on the basis of the following criteria:

- Energy intensive.

- Large user of energy.

- Homogeneous and well defined output.

- Sufficient local and international information.

Table 3.4 General statistics of the industrial groups chosen for detailed

analysis
Industry SiC 1991 Energy 1991 Value Energy Energy cost/
consumption added intensity value
(PJ) (R million) (MJ/Rand)  added?
Gold mining 24 87 13138 6,6 13
Pulp and paper 341 66 3319 20,0 13
Structural clay 3691 35 699 50,1 24
Cement 3692 34 528 64,4 25
Ferrous metals 371 288 4413 65,2 43
Non-ferrous metals 372 26 1407 18,0 27
Total 536 23504 22,8 20,1
Industry total 862 87259 9,9 11,2

a8  Energy costs were assumed to be 0,21 ¢/MJ for coal, 0,98 c/MJ for liquid fuels,
2,16 c/MJ for electricity sold by ESKOM to manufacturers, and 3,9 ¢c/MJ for
electricity sold by municipalities to manufacturers. Gold electricity costs were
obtained from the Chamber of Mines. '
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3.3.2 Comparison with other countries

Table 3.5 compares the specific energy cdnsumption (SEC) of a number of
products. It is evident that South Africa has consistently higher SEC’s than
developed countries, and falls on the lower end of SEC’s of developing countries.

Table 3.5 Comparison of average national SEC of South Africa with other
countries in GJ/ton (the range indicates uncertainty or the range
reported by different sources)

Paper Bricks Cement Steel
South Africa 31-37 4,0-4,5 4.6 29,0
USA 28-35 4,1 21,4
UK ' 26 2,9 19,8
Sweden 22 19,7
Japan 3,0-4,0 17,6
Brazil 20 4,2 20,6
Hungary 42 25,6
Taiwan | 3,7 23,2
Canada 3,5 23,7
Western Europe 22-29 2,6-3,8 3,6-3,8 16-21
Developing 23-54 4,0-5,0 4,0-6,0 24-39

countries

These statistics are more fully detailed and discussed in the appendix section, but it

is evident that numerous discrepancies exist in the reporting of some of these

statistics. Reasons for these discrepancies are:

- Interpretation of energy consumption and whether in-house energy production
and use of waste materials for energy should be included.

- Use of physical output may be different. For instance, the SEC of cement may
be based on production of clinker or production of cement.

- Import or export of intermediate products which will affect SEC. For instance,
Sweden is a major exporter of pulp, and if SEC was based on paper production,
then the energy use for export pulp will be included.
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Only when these factors are clearly defined can one begin to compare SEC. The
reasons for differences in SEC can then be attributed to:

(1)  The relative costs of energy, labour, and capital.

(2) External factors which are beyond'the control of industrialists.

(8)  The level of energy effectiveness

When estimating the potential for improved energy effectiveness the above factors
were taken into account as far as possible.

3.4 FACTORS AFFECTING SPECIFIC ENERGY CONSUMPTION
3.4.1 The relative cost of energy

Important considerations in deciding upon an appropriate industrial process are the
relative costs of energy, labour, and capital, each of which is interchangeabile.
Energy effectiveness includes choosing the optimum mix of these costs, and for the
industrialist this means choosing the most cost-effective mix. In order to partly
explain inter-country differences in specific energy consumption it is necessary to
compare the relative costs of energy, labour, and capital.

Table 3.6 shows industrial energy prices for various countries converted to US$
using the exchange rate(11),

Table 3.6 Industrial energy prices of various countries in 1990 based on
exchange rates (1990 US$/Toe)

COAL H.F.O. GAS ELEC
Australia 52 138 137 532
Canada 87 114 93 416
France 135 134 172 655
Hungary 144 136 239 699
Japan 119 196 458 1462
SA 33 199 297 390
Taiwan 142 170 348 940
UK 126 137 176 791

USA 59 114 124 562
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On the basis of the exchange rate coal and electricity in South Africa, which
constitute over 90% of industrial energy consumption, are considerably cheaper
than in developed countries. The cost of labour in South Africa is generally accepted
to be cheaper than in developed countries (based on the exchange rate). A large
portion of capital equipment that can be used in industry in South Africa must be
imported in which case import duties are charged. Capital in South Africa is thus
more expensive in South Africa than the developed countries from where it is
imported. In addition investors in South Africa require a higher return on investment
because of high inflation. The optimum mix of energy, labour, and capital in South
Africa will therefore favour greater use of energy and labour, and less capital
expenditure, than in developed countries.

Table 3.7 shows that energy cost as a percent of value added for industry in South
. Africa is higher than for developed countries despite the low cost of energy in South
Africa. Apart from the reasons given for higher SEC’s in South Africa, this is also
due to the energy-intensive structure of South African industry.

Table3.7  Energy costs as a percent of value added in 1990(11.12.35)

Country Industrial energy cost/
Industrial GDP (%)

USA _ " 5,1
UK : 5,1
France ' : 5,2
Canada ' 5,4
Australia ‘ 6,5
Taiwan "~ 7,3
China " 8,5
Japan 8,6
South Africa? 11,6
Hungary -16,8

2 For 1991
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3.4.2 External factors.

Quality of raw materials:

Energy use in mining depends largely on the grade of ore mined and the depth of
the ore. In many industries, such as clay and cement industries, raw material
characteristics can vary from region to region, and hence energy requirements for
processing can vary too.

Quality and mix of products:

No industry produces exactly the same quality or mix of product. For instance, the
paper industry produces a mix of tissue, newsprint, writing paper, cardboard, etc.,
each of which has a different energy requirement. In addition, some countries
export pulp while others import their pulp, and different countries may produce a
different quality of product, depending on demand.

Climate:

South Africa has higher ambient temperatures than most developed countries.
Heating requirements will thus be lower, and cooling requirements higher, but
because heating is the larger effect, South Africa’s climate favours reduced energy
requirements. In the USA it is estimated that 1,6%(13) to 2%(14) of industrial energy
use was for space heating. Comparison of residential space heating indicates that
the USA has a slightly lower space heating intensity than most European countries.
In many cases space heating energy in industry is provided by low-grade process
heat that cannot be utilised in South Africa. Also South Africa will have higher air
conditioning energy requirements. It is thus likely that space conditioning is not a
significant factor in the comparison of industrial energy intensities, especially for the
energy intensive industries.

Fuel mix:

Fuel mix is largely dependent on the availability of indigenous fuel resources, relative
costs, government policy, and the industrial structure. The conversion efficiency of
coal to heat is less than for that oil or natural gas. For example, typical theoretical
efficiencies of coal boilers are about 5% less than for oil or natural gas boilers.
Electricity is a higher form of energy than fuels since losses are usually less, but
electricity is more expensive. Table 3.8 shows the industrial fuel mix of various
countries(12),



Table 3.8

Australia
Brazil
Canada
China
France
Hungary
Japan
SA
Taiwan
UK

USA
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Industrial fuel mix of various countries (%)

COAL

31
26
20
73
26
15
35
49
39
23
24

OIL

14
30
15
10
19
15
28

36
18

GAS

30
34

27
43

N

35
37

ELEC

25
37
29
11
28
20
- 33
39
23
24
18

OTHER

OO0 -~0NOPMdM20O0

TOTAL

100
100
100
100
100
100
100
100
100
100
100

Electricity use is highest in South Africa and this partly explains the high relative
energy costs. If one excludes gold mining then the electricity share falls from 39% to
29% which is normal for a developed country. South Africa has the second highest
coal share after China, and if one excludes gold mining the coal share in industry is
even larger. The effect of a higher coal share at the expense of oil and gas is that
the conversion of fuels to heat will be unavoidably slightly less efficient.

Recycling:

The following are ranges of possible reduction in SEC by substituting raw materials
with secondary materiais(15),

Paper
Glass
Aluminium
Steel

23-74%

4-32%

80-97%
47-74%

Table 3.9 shows recycling in South Africa. Since South Africa is generally an
exporter of basic materials, a lower proportion of scrap is available.
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Table 3.9 Recycling in South Africa compared to typical developed
countries
Material % of % of Typical
Production : Consumption developed
country
Paper 27 31 30-60 -
Aluminium 22 36 40-85
Steel 26 48 40-60
Glass ' 14 14 20-60

Cost of energy-efficient equipment:

In South Africa most energy-efficient equipment must be imported because the
demand for such equipment is not great enough to warrant local production.
Imported equipment will be more expensive for South African industry because of
the unfavourable exchange rate and import duties.

Age of plants:

Industrial processes have become more energy efficient with time, and thus newer
industrial production capacity is likely to be more energy effective than older plants.
The age of plants is determined by the stage of development and the growth of the
country.

Utilization of production capacity:

Plants are designed to run at full capacity, and as one decreases production so
energy efficiency will fall. When demand is low, running at less than full capacity is
sometimes unavoidable.

Size of production units:
Generally larger production units are more energy effective than smaller units. The
size of production units is limited by demand.
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3.4.3 Level of energy effectiveness

Energy effectiveness was examined in a previous report of this project. Energy
effective practices result in:

adequate maintenance and operating procedures

optimum selection of fuels

reduced energy losses and recovery of waste energy where feasible
accountability for energy use

appropriate consideration of energy costs in the choice of process technologies
prompt equipment replacement once it is economically feasible

energy awareness amongst employees

regular plant energy audits
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4. THE POTENTIAL FOR IMPROVED ENERGY EFFECTIVENESS IN
SOUTH AFRICA

41 PRODUCTION SCENARIOS

Scenarios of average GDP growth rates were obtained for the period up to 2000, but
not beyond. The average GDP growth rate between 1985 and 1980 was
1,3%/annum, but between 1990 and 1992 it was -1,2%/annum. The Normative
Economic Model(1?) asserts that a 3,6%/annum growth rate in GDP between 1992
and 2000 is possible only if a number of economic policy changes are introduced.
The secondary sector, dominated by manufacturing, is pivotal to this growth and a
growth rate of 4,5%/annum in this sector is then necessary. The growth rate in the
primary sector, mainly mining, is expected to be 2,5%/annum under this scenario.
The Bureau for Economic Research expects an average GDP growth rate of
2,1%/annum up to 2000, considering the current infrastructure and assuming no
major economic policy changes(!8). The Institute for Futures Research assumed
low and high GDP growth rates of 2%/annum and 5% /annum respectively between
1991 and 2000(30),

Considering the above, the low growth scenario GDP growth rate is expected to
increase linearly from -1% for 1990/1991 to 3% for 1999/2000. The high scenario
GDP growth rate is expected to increase linearly from -1% for 1990/1991 to 7% for
1999/2000. For the period 1992 to 2000 the low scenario gives an average GDP
growth of 1,5%/annum and the high scenario 4,4%/annum. For the period 2000 to
2015 GDP growth is assumed to remain unchanged at 3%/annum and 7%/annum
for the low and high scenarios respectively. |

Appendix | has graphs indicating the correlation between GDP, population, or
GDP /capita and production in those industrial groups whose production scenarios
are based on these parameters. Population growth is expected to be
2,35 %/annum between 1990 and 2000, and 2,1 %/annum between 2000 and
20150 Production scenarios for metal manufacturing were obtained from
Granville et al.23), and coal production from Cooper and Kotze{34). Maintaining
energy intensities at 1990 levels until 2015, structural change will increase energy
intensity by 16% for the low scenario and by 7% for the high scenario. The increase
is due to the growth of more energy-intensive activities. However, in the high growth
scenario there will also be increased growth in the tertiary industrial sector, with low
energy intensity activities, thus reducing the effect of the growth of energy-intensive
activities. '
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In calculating the required new capacity, a 1,5%/annum closure rate of current
capacity is assumed. Appendix J shows production up to 2015 relative to 1980, and
the percent of production that will require new capacity.

4.2 ESTIMATING ENERGY EFFECTIVENESS POTENTIAL

As outlined in Chapter 2, two results of energy effectiveness are quantified in this
study: energy reduction and electricity demand reduction.

4.2.1 Energy reduction

In order to cover the full scope of energy reduction potential, its effect on energy use

in the future is divided into three portions:

@) Existing potential represents those energy-effective opportunities which can
be undertaken immediately. However, due to a number of barriers such as
lack of awareness, knowledge and financing, these opportunities require time
to penetrate the market or will never be realised. Under the energy-effective
scenario the market penetration rate of existing potential will be greater.

2 Future replacement potentiai represents potential arising from ageing and
obsolescence of equipment. Future replacement potential may not be
realised if equipment is not replaced when it is economically feasible to do so,
or the equipment is not replaced with the most energy-effective equipment.
Equipment replacement will generally result in lower specific energy
consumption (SEC). The effect of future replacement potential is estimated
by the resulting rate of decrease in SEC. This rate of decrease in SEC will be
greater under the energy-effective scenario.

(3) New capacity potential represents potential arising from the design of new
energy-effective plants. Generally, a new plant will have a lower SEC than an
existing plant, and a plant designed with suitable attention to energy
effectiveness will have an even lower SEC. The effect of new capacity
potential on energy consumption is estimated by estimating the SEC of new
plants for each of the two scenarios.

Existing potential:

A summary of the analysis of common industrial end-uses (details in Appendix H) is
given in Table 4.1. Industry could reduce energy consumption by 9-17% through
cost-effectively through improved energy effectiveness, excluding specific process
opportunities.
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Table 4.1 Potential energy reductions for common industrial energy erid-
uses
Measure Reduction
(PJ)
Electricity
Motors 20,1-40,2
Mechanical equipment 10,1-13,5
Furnaces 3,8-7,6
Electrolysis 1,6-2,4
Lighting 3,5-6,2
Fuels
Furnaces 10,4-20,7
Boilers 10,4-20,7
Steam systems 10,4-20,7
Other 6,0-18,1
Total 76,3-150,1

Existing potential for each industrial group is estimated from the analysis of industrial
groups (Appendices A to G), with the above analysis being used as a check on the
total. Those groups which were not examined are assumed to a have an existing
potential of 15%. Energy use in 1990 and the estimates of existing potential are
shown in Table 4.2. Total existing industrial potential is 14% of energy use, which is
slightly conservative in comparison to the above 9-17% which excludes specific
process opportunities.
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Table 4.2 Energy use in 1990 and estimates of existing potential
Industry Energy use Existing potential
in 1990 (%)
(PJ)
Steel 194,0 10
Gold 89,0 10
Food 85,4 20
Ferroalloys 76,9 10
Paper 66,0 15
Textiles 51,2 25
Bricks 43,0 : 25
Cement ' 340 15
Other metals 20,8 10
Titania 13,2 10
Aluminium 12,5 10
Stainless steel 0,6 10
Other 170,7 15
Total 857,3 14,2

Figures 4.1 and 4.2 show market penetration rates of existing potential used in this
study. Appendix K explains the derivation of these curves. It was assumed that
under the high growth scenario market penetration rates would be greater than for
the low growth scenario.
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Future replacement potential:

Future replacement potential is difficult to estimate from past trends because of the
effects of structural change and energy price fluctuations. In general, studies of
expected future energy consumption in developed countries have estimated energy
efficiency improvements of 0,5-1,5%/annum. Most of the backlog of existing
potential has already been realised in developed countries following increased
awareness and government programmes in the seventies and eighties. Much of the
potential identified for the future is therefore due to equipment replacement and the
development of new technology. Generally, efficiency improvement rates under
energy-effective scenarios are assumed to be about one and a half times greater
than business as usual rates. Table 4.3 shows future replacement potential values
used in the two scenarios.

Table 4.3 Energy efficiency improvement rates due to replacement

(%/annum)
Low Scenario High Scenario
Business as usual 0,3 0,5
Energy effective 0,45 0,75

New capacity potential:

The SEC of new capacity, under the business-as-usual scenario, is estimated from
current SEC of recently commissioned plants in South Africa, or from estimates of
SEC for a new plant in South Africa. It is expected that under the energy-effective
scenario the SEC of plants will lie somewhere between business-as-usual SEC and
SEC of new plants in developed countries. For the energy-effective scenario it is
assumed that SEC of new plants in South Africa will be halfway between business-
as-usual SEC in South Africa and best practice in other countries. Those industries
which were not examined in this study are assumed to have a new capacity SEC of
85% of that of the existing average SEC of the industry under the business-as-usual
scenario, and 75% of the industry average under the energy-effective scenario.
Table 4.4 shows SEC values used in this study.
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Table 4.4 SEC of new capacity (for the ratios current average SEC is the
denominator)

Group Current Business- Overseas Energy-
' average as-usual best effective
SEC ratio practice ratio
(GJ/ton) (GJ/ton)
Gold ore? 0,76 0,95 - 0,85
Paper 32 . 0,84 19 0,72
Bricks 44 0,79 1,7 0,59
Cement 4,6 0,87 3,2 0,78
Steel 29 : 0,83 17 0,71
Stainless Steel? 6,0 2,00 - 1,80
Ferroalloys? 42,5 1,00 - 0,90
Aluminium 67 0,91 54 0,86
Other - 0,85 - 0,75

a A 10% decrease in SEC is assumed for new energy-effective plants.

The SEC of new plants will decrease with time due to improved technology. This
rate of decrease is difficult to separate from influences such as changes in products,
increased recycling, and greater economies of scale. Nevertheless the average rate
of decrease of SEC for some industries has been estimated from a variety of
sources and the ranges are shown in Table 4.5. In recent years the rate has
become flatter, although existing efficiencies indicate that there is still room for
considerable decrease in SEC.
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Table 4.5 Average rate of SEC decrease due to technology improvements,
in the last few decades, and existing efficiencies(3.19,20.21,22,23,33)

Material SEC Decrease : Current SEC/
~ Theoretical SEC
(%/annum) (%)
Steel 1,2-1,8 25
Aluminium 0,4-0,8 ‘ 15
Cement 1,2-2,1 55

It is assumed that technology improvement will decrease the SEC of new plants by
0,5%/annum.

4.2.2 Demand reduction

Electricity demand reduction is divided between energy reduction and load factor
improvement. -

Energy reduction:

It is assumed that the electricity proportion of energy consumption of each industrial
group will remain constant at 1990 proportions. The average annual demand is then
calculated for each industrial group. The average monthly maximum demand, on
which demand charge is based, is calculated from estimated load factors and power
factors.

Load factor:

Load factor improvement is derived from market penetration of existing potential and
new capacity potential. Existing potential is based on the study by Gervais(24); in
which a potential of 1202 MW for mining and manufacturing was identified. No
information on potential load factor improvement of new plants was found. It was
thus conservatively estimated that in the energy-effective scenario load factor could
be potentially increased by 5% for a new plant.
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4.3 ENERGY PRICES
Average prices in 1993 were used to cost energy and electricity demand reductions.

Energy prices used are shown in Table 4.6.

Table 4.6 Energy prices used in the study

Electricity demand charge R29,50/kVA
Electricity unit charge
ESKOM-supplied (Tariff E) ‘ 1,49 c/MJ
Municipal-supplied 1,97 c/MJ
Coal 0,25 c/MJ
Heavy fuel oil 1,22 c/MJ
Gas 2,82c/MJ

4.4 SCENARIOS OF ENERGY USAGE

Figures 4.3 and 4.4 show the energy use scenarios for low and high growth rates
respectively. Included is hypothetical energy use if efficiencies were frozen at 1990
levels. Under the business-as-usual scenario, energy use between 1990 and 2015
will decrease at an average rate of 0,94-1,38%/annum over the frozen efficiency
scenario. However under the energy-effective scenario energy use between 1995
and 2015 can be further reduced by 0,62-0,8%/annum. If this were realised
electricity demand could be reduced by 17-18% by 2015. This would defer R7,3-
11,7 billion investment in new electricity capacity by 2015 (assuming R3000/kVA).
More detailed results are presented in Appendix L.



-30-

1350

1300 ////
1250 /////
1200 ' /////

1150 '

1100 - /////

1050 ' //(///

1000~ //////

950 ’//// 1
oo e

INDUSTRIAL ENERGY USE (PJ)

850 — : . r
- 1990 1995 2000 2005 2010 2015

—— FROZEN EFFICIENCY —— BUSINESS AS USUAL - ENERGY EFFECTIVE

Figure 4.3 Industrial net energy consumption scenarios for low growth

2400
2200 4
2000 ////
1800 ’////

1600 : ’////, —
1400 ’///// e
1200 .

- / -

800 , T T —
1990 1995 2000 2005 2010 2015

YEAR

INDUSTRIAL ENERGY USE (PJ)

—— FROZEN EFFICIENCY —— BUSINESS AS USUAL —-— ENERGY EFFECTIVE

Figure 4.4 Industrial net energy consumption scenarios for high growth



-39 -

The estimated cost of energy to industry in 2005 and 2015 is shown in Table 4.7.
Annual energy costs could be reduced by about 9-12% in 2005 and 14-16% in 2015
through improved energy effectiveness. It is estimated that the average pay-back
period is 1,5 years, consistent with other studies(@5). The total investment required
by industry is thus roughly 1,5 times the annual saving in energy cost.

Table 4.7 Annual cost of energy to industry in 2005 and 2015 (Rmillion,
1993 prices)

2005 2015
Low High Low High
Business as usual 12 998 15445 13676 20 752
Energy effective 11 846 13 651 11830 17 479
Potential saving 1152 1794 1847 . 3273

The effect of increasing energy prices will be to increase the potential for improved
energy effectiveness and also increase the rate of adoption of energy effectiveness
opportunities. Insufficient data is available to quantify either effect, and thus the
effect of energy prices on the potential benefits of improved energy effectiveness is
unknown.

45 COMPARISON WITH OTHER COUNTRIES
451 Past trends

The rate of energy efficiency improvement is difficult to assess from the past since
this potential has been significantly affected by fluctuating energy prices and
structural shifts. In the seventies and eighties the average rate of fmprovement in
energy efficiency was 2,2%/annum in European countries(26), 3,3%/annum in
Japan, and 2,0% in the USA(32). Generally, about half to two-thirds of this
improvement has been attributed to improvements in efficiency and the rest due to
structural change. These rates have fallen off substantially in the past few years.
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One study analysed time series data of the seventies for a number of regions by
regression analysis and separated industrial enérgy intensity between structural
effects and efficiency effects(@?). In Table 4.8 these effects are compared to those
projected for South Africa between 1990 and 2015.

Table 4.8 Average annual percentage reduction rates of industrial energy
intensity in the seventies

Region Energy Structural Energy
intensity Changes Efficiency

North America 29 . 0,5 2,4
West Europe 2,7 0,5 2,2
East Europe 2,6 0,6 2,0
Japan 2,6 0,7 1,9
Other developed 2,1 0,2 1,9
Latin America 1,7 0,5 1,2
Sub-Saharan Africa -0,1 . -2,0 1,9
West Asia, N Africa 1,0 -1,3 2,3

" Indian sub-continent 2,5 0,4 2,1
S-E Asia 3,9 1,7 2,2
South Africa .

Business as usual 0,3-1,1 -(0,6-0,3) 0,9-14

Energy effective 0,8-1,7 -(0,6-0,3) - 1,4-2,0

The study also calculated annual efficiency improvement rates for a number of
industries in the seventies, which are compared to those estimated for South Africa
between 1990 and 2015 (Table 4.9).
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Table 4.9 Annual efficiency improvement rates (%/annum)

Country Basic Building Chemicals  Pulp and
metals materials paper
FRG 1,3 1,8 3,8 0,9
Austria 0,7 1,9 0,2
Japan 0,9 1,0 3,6 25
Hungary 1,1 3,9 -0,2
UK 2,6 3,0 3,8
France 0,9 1,3 0,8 1,3
USA 1,8 2,6 3,3 3,0
italy 1,5 2,7 6,8 4,1
South Africa
Business as usual 0,8-1,2 1,1-1,6 1,0-1,5 1,1-1,5
Energy effective 1,2-1,8 1,7-2,4 1,5-2,2 1,7-2,3

4.5.2 Future scenarios

Table 4.10 shows estimates, derived from previous studies, of potential energy
reductions resulting from the implementation of cost-effective opportunities.
Potential percent reduction has been converted to potential annual percent
reduction since the studies were conducted over different time periods. No such
scenario was calculated for South Africa since this study included market
penetration in the scenarios.
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Table 4.10 Estimates of potential reduction in industrial energy use in
various countries, using frozen efficiency as a basis

Country Base Target Economic

Year Year , Potential

(%) (%/annum)

USA(28) 1988 2000 24-40 2,4-4,2
USA®Y) 1984 2000 35-40 2,7-3,1
USA(14) 1990 2010 29 1,7
USA(22) 1985 2000 35 2,8
UK 1980 2000 29 1,7
Sweden(25) 1983 1990 . 20-50 3,1-9,4
Canada(@®) 1986 2000 15 1,2
Netherlands (%) 1985 2000 21 1,6
Europe(2d) 1986 2000 25 2,0
West Europe(t9) 1985

2000 30 2,3

Table 4.11 shows estimates of likely reductions in industrial energy use compared to
industrial energy use with frozen energy efficiencies. In this case market penetration
is considered. These estimates are analogous to the business-as-usual scenario of
this study which is included in the comparison.
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Table 4.11 Estimates of likely reduction in industrial energy use in various
countries, using frozen efficiency as a basis
Country Base Target Likely
Year Year Reduction
(%) (%/annum)

USA(0) 1988 2010 20 1,0
UsA(4) 1990 2010 17 0,9
USA(22) 1985 2000 19 1,4
uK@ 1980 2000 21-25 1,2-1,4
Switzerland(19) 1985 2005 15 0,8
South Africa

Low scenario 1990 2015 21 0,94

High scenario 1990 2015 29 1,38

Included in economic potential and likely reductions in energy use are opportunities
that will be realised through non-energy decisions, such as closure of old plants and
commissioning of new plants. Of more interest in this study is the effect of an
increased energy effectiveness drive on energy use. Table 4.12 indicates such

potential.
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Table 4.12  Estimates of potential reduction in industrial energy use using
business-as-usual as a reference

Country Base Target Energy-effective

Year Year potential
(%) (%/annum)

USA(28) 1988 2000 8 0,7
USA(20) 1988 2010 11 0,5
Canada(25) 1986 2000 9 0,7
Norway(29) 1984 2010 12 0,5
Europe(25) 1986 2000 10 0,8
Switzerland('4) 1985 2005 18 1,0
South Africa

Low scenario 1995 2015 12 0,62

High scenario 1995 2015 15 0,8

A detailed bottom-up study of the USA was recently completed(!5) and estimated
energy efficiency improvements are shown in Table 4.13. The reference case
reflects current policies and trends and is synonymous with the South Africa
business-as-usual scenario, the results of which are indicated in brackets. The
market case reflects energy usage if the cost of energy services were minimized.
The South African energy-effective scenario is somewhere between the reference
and market cases and is indicated in brackets next to the market case. The
environmental case is the market case with the environmental impacts of energy
usage assigned monetary values.
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Table 4.13  Annual rates of energy intensity reduction in the USA between

1990 and 2010
Sector Reference Market Environmental
Case Case Case
Chemicals 1,8 (1,0-1,5) 2,4 (1,5-2,2) 2,9
Primary metals 1,0 (0,8-1,2) 2,1 (1,2-1,8) 3,1
Paper and pulp 1,2 (1,1-1,5) 1,7 (1,7-2,3) 2,0
Non-metallic 1,3 (1,1-1,6) 2,2 (1,5-2,2) 3,3
minerals
Food 0,8 (1,1-1,4) 1,9 (1,7-2,0) 4,3
Machinery 0,9 (0,8-1,4) 1,6 (1,2-1,9) 2,7
Mining 0,2 (0,8-1,3) 1,4 (1,3-1,9) 1,8

Table 4.14 shows the results of a series of detailed reports on manufacturing energy

usage in the UK®), with the corresponding South African business-as-usual results.
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Table 4.14  Average projected annual rates of SEC reduction in the UK
between 1980 and 2000 (%/annum)

Sector Annual projected rate of SEC decrease
UK South Africa

fron and steel 1,3 1,0-1,4
Aluminium 2,92 1,0-1,3
Cement 2,0 0,9-1,4
Bricks 2,70 1,3-1,8
Chemical 1,6 1,0-1,5
Paper 1,4 1,1-1,5
Food 0,9 1,1-1,4
Engineering 0,8 0,8-1,4
Textiles 1,0 1,1-1,6

@  Much of this is due to a projected increase in the proportion of secondary to
primary aluminium. The rate of SEC decrease would be 0,8%/annum if this
effect is excluded. |

b About half of this potential is due to increased carbonaceous additions to the
bricks, which is not included in SEC.

it can be concluded that the findings of this study are consistent with studies in other
countries. It does however appear that there is generally more variation in energy
efficiency improvement rates between individual industrial sectors in other studies
than in this study. This can be attributed the lack of information available for this
study and the greater number of generalisations that had to be made.
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5. CONCLUSIONS

South African industry is more energy intensive than most developed countries. The
energy-intensive structure of industry in South Africa alone results in approximately a
26% increase in industrial energy intensity compared to a typical developed country.
Nevertheless specific energy consumption for specific products is still higher in
South Africa compared to developed countries. This has been attributed to (1) the
relative costs of labour, energy, and capital which in South Africa favour labour and
energy, (2) external factors such as the quality of raw materials, and (3) the level of
energy effectiveness which depends largely on awareness and knowledge. All these
factors must be considered when estimating the potential for improved energy
effectiveness.

It is estimated that total industrial energy use can be reduced by 0,62-0,8%/annum
through enhanced energy effectiveness. This will require an energy effectiveness
campaign similar to those of developed countries. Potential savings to industry due
to reduced energy costs could then be R1,1-1,8 billion by 2005 and R1,8-3,3 billion
by 2015. The findings of this study are consistent with past trends and projections in
other countries.

A sectorial approach was necessary in order to calculate the potential for improved
energy effectiveness. Tables 5.1 and 5.2 show potential energy reduction, demand
reduction, and the energy cost savings that could be achieved in 2005 and 2015
through improved energy effectiveness. The order of importance of sectors is
different for low growth and high growth. Growth of the food sector is assumed to
be independent of GDP growth, depending only on population growth, and thus its
potential is far more prevalent for low growth. It should be cautioned that not too
much detailed information should be read from Tables 5.1 and 5.2 since sectorial
results are based on a number of assumptions.
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Table 5.1 Potential reduction in energy consumption, electricity demand,
and energy cost in 2005 and 2015 through improved energy
effectiveness - low economic growth

2005 2015
SIC SECTOR ENERGY DEMAND COST ENERGY DEMAND COSsT
(PJ) (MVA)  (Rmiilion) P (MVA)  (Rmillion)
21 Coal mining 0.9 43 28 1.4 68 44
23 Metal-ore mining . 1.6 sl 45 ) 25 108 69
24 Gold mining 29 210 116 26 160 94
27 Diamond mining 0.2 1 6 03 15 9
28 Other mining : 0.4 2 .14 0.8 40 25
31 Food 9.1 185 135 14.1 245 21
32 Textles 36 83 62 53 114 88
33 Wood 0.8 7 20 1.4 50 35
34 Paper 6.4 97 80 11.5 176 145
35 Chemicals 45 121 9 8.3 220 167
36 Non-metallic min.
Bricks 4.2 20 28 9.8 40 63
Cement 24 16 17 49 30 34
Other 24 1 24 42 20 42
37 Basic metals
iron & steel 16.0 128 121 25.1 198 189
stainless steel 1.6 48 33 4.0 142 89
ferroalloys 6.7 181 117 12.0 323 210
Al, primary 1.9 96 60 26 156 9N
Al, secondary 0.1 3 3 0.2 6 5
titania siag 26 7 51 38 126 80
other metals 1.9 a7 32 32 80 S4
38 Equipment : 2.1 82 59 33 113 88
39 Other 0.4 10 7 0.6 18 13
Total 727 1559 1152 121.8 2445 1847

Table 5.2 Potential reduction in energy consumption, electricity demand,
and energy cost in 2005 and 2015 through improved energy
effectiveness - high economic growth

2005 2015
SIC SECTOR ENERGY DEMAND cosT ENERGY DEMAND cosT
P (MVA)  (Remiliion) PJ) (MVA)  (Rmillion)
21 Coal mining 1.9 83 57 : 37 157 108
23 Metal-ore mining 23 94 683 44 169 115
24 Gold mining - 38 235 138 27 127 <]
27 Diamond mining 04 19 12 07 36 23
28 Other mining 0.9 39 26 20 88 59
31 Food 10.4 166 150 ) 136 208 193
32 Textiles 6.9 142 112 1.6 239 189
33 Wood 1.5 48 36 35 108 83
34 Paper 127 17m 152 29.2 K] 348
35 Chemicals « 90 212 172 20.9 483 396
36 Non-metallic min.
Bricks 10.2 40 65 251 3 159
Cement 51 29 35 12.4 66 84
Other 4.6 19 45 10.0 42 98
37 .Basic metals .
iron & steel 241 172 176 48.6 325 346
stainiess steel 1.7 50 35 4.4 136 9N
ferroalloys 103 245 169 16.0 357 254
Al, primary 4.0 186 121 79 376 241
Al, secondary 03 6 6 0.6 15 14
titania slag 28 @ & 56 4.1 116 80
other metals 22 51 36 34 72 53
38 Equipment 4.6 148 118 9.1 273 226
38 Other 0.7 17 13 1.6 38 30

Total 120.6 2255 1794 | - 2383 3913 3273
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The following conclusions are derived from the sectorial analyses detailed in the
appendices.

Gold mining: The level of energy awareness and energy management is advanced
compared to the rest of industry. The energy effectiveness of gold mining depends
mostly on R&D into new technologies, which appears to be effectively controlled by
the mining houses. There is also scope for improved load management, and
research assistance in this regard could be provided.

Puip aﬁd paper: Energy awareness appears to be intermediate. A key concern of
this industry is poliution, and energy effectiveness could be promoted through
addressing pollution. There is potential for additional cogeneration although
cogeneration is claimed by the industry to be uneconomic at present. A
cogeneration feasibility study could be supported to ensure that adequate cost
accounting is used, and the appropriateness of additional cogeneration incentives
could be evaluated. ’

Bricks: Energy awareness appears to be low. The industry is fragmented,
although it produces a relatively uniform product and is therefore suited to a sectorial
energy audit. Areas of specific interest include addition of carbonaceous material to
unfired bricks, production of hollow bricks, use of waste heat, and kiln control.

Cement: Energy awareness appears to be reasonable. Important areas of
assistance could be production of blends of Portland cement and kiln control.

Iron and steel: Energy management appears to be of a high standard, although
SEC is considerably higher than for most developed countries. No adequate
explanation for the higher SEC was found, and this could be an area of investigation,
perhaps part of a sectorial energy audit. Energy effectiveness will depend to a large
extent on local R&D since South Africa has unique local conditions. Assistance
could be provided in the form of joint R&D ventures. Cogeneration is claimed by the
industry to be uneconomic at present, although it is common in other countries.

Ferroalloys: South Africa is a major world producer of ferroalloys and the industry
is expected to grow substantially. Energy effectiveness will depend on technological
innovation, and assistance could be provided by means of joint R&D ventures.
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Food: Little is known of this industry, although energy awareness appears to be
low since energy is only a small proportion of production costs. The industry would
therefore derive benefit from a general awareness campaign and plant audits.
Sectorial audits of sub-sectors of the food industry may also be of benefit.

Chemicals: Little is known of this industry which is diverse in nature. The
application of pinch technology to this industry has produced significant energy
savings in other countries, and its use should be encouraged locally. General
awareness and plant audits are expected to be of benefit to the industry.
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6. RECOMMENDATIONS

Through the sectorial analyses a number of important areas requiring further
attention have become apparent. These include:

(M
(2)
(3)

(4)
()

Increasing awareness of the potential benefits of improved energy
effectiveness. - '

Providing training necessary for more effective management and use of
energy.

Increasing knowledge through energy audits and demonstration.

Increasing awareness and providing incentives for cogeneration.

Support for joint research and development projects.

The following common industrial energy end-uses have been identified as possible
areas of assistance:

(1)

)
3)

4)

The potential benefits from the more effective use of electric motors are
undisputed and a number options have been proposed to achieve this. A
plan of action should now be developed.

Air compressor systems are a source of substantial wasted energy. A
method of communicating the benefits to industries should be developed.
Investigate the extent and effect of the over-design of motors and mechanical
equipment and develop a strategy to reduce this problem.

Boilers are a relatively standard item of equipment yet a large potential for
improvement appears to exist. The potential for improving boiler efficiencies
should be investigated and a plan of action developed.
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(2)

3)

(4)

(5)

(6)

(7)

@8)

©)

(10)

(11)
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APPENDIX A

GOLD MINING (SIC 24)

PROCESS DESCRIPTION

Gold mining includes mining, hoisting and crushing the ore, environmental control,
and gold extraction. Ore is removed from the rock face by drilling holes in the rock
face and then blasting. The ore is then transported to a mineshaft and mechanically
hoisted to the surface. After undergoing a number of milling stages gold is extracted
from the crushed ore by chemical processes. The used ore is then pumped back
into the mines as a slurry referred to as backfill. *

The underground mining environment is hot and humid. Two systems, the air
system and the water system, are employed to improve the underground
environment. Fans are used to circulate air via ventilation shafts. Chilled water is
produced in large refrigeration plants and fed down into the mines where it is
circulated and then pumped to the surface again. The power required to pump the
water to the surface is partially offset by recovering energy from the chilled water
flowing down the mine shafts. Large Pelton turbines are employed for this purpose.

THE INDUSTRY IN SOUTH AFRICA

Gold mining is dominated by six mining houses, with the Chamber of Mines being a
co-ordinating body which makes available to its members advisory and service
functions. Many joint venture projects are undertaken between the mining houses,
research organisations and universities.

ENERGY CONSUMPTION

Electricity is the major energy source for gold mines, and the electricity cost is
typically 10-15% of working costs(2:3). Table A.1 shows that electricity’s share of
total energy use in gold mining has increased since 1980. In 1970 electricity
accounted for 68% of total energy use, and in 1950 it accounted for only 19%. Since
1980 electricity costs have accounted for over 95% of energy costs. Energy costs,
expressed as a percent of value added, have steadily increased since 1980. This
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can be accounted for by increasing SEC for gold production and a decreasing gold
price. If value added is multiplied by a gold price factor (gold price/1985 gold price),
then energy cost does not vary as much. SEC, based on ore treated, has not
changed much since 1974. This can be attributed to increased efficiency but with
increased mining depths. The different trends of SEC based on gold produced and
SEC based on ore treated is due to declining ore grades. Trends in SEC and ore
grade are shown in Figure A.1.

Table A.1 Energy and electricity consumption in gold mining(?)

Year Total Share of Elec. cost Total energy
~energy elec. as a % of cost as a % of
use (%) value added value added?
(PJ) Actual Price
| adjusted
1980 82,2 81 2.9 30 3,7
1981 85,2 82 4,4 4,6 44
1982 85,0 85 5,7 5,9 5,2
1983 85,3 87 6,1 6,3 5,4
1984 88,6 87 6,3 6,5 5,6
1985 88,8 90 5,7 5,9 5,9
1986 91,0 90 6,6 6,8 7,0
1987 92,3 o1 8,0 8,2 8,1
1988 94,7 a3 8,8 9,0 8,6
1989 91,9 95 9,2 9,4 7.9
1990 89,0 97 11,7 12,0 8,6

1991 87,2 94 11,1 11,4 7,2

@ Assuming liquid fuels consumption to be 2% of total consumption, and coal to
make up the remainder of total energy consumption.
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Figure A.1 SEC in gold mining

4

It is seldom meaningful to compare energy intensities of mines because they are
- affected by layout, depth, methods, and processes. A breakdown of electricity
usage of a typical gold/uranium mine is indicated in Table A2, Figure A.2 shows a
stacked load profile for a typical week of one gold mine'!). The diversity of the
electricity loads in gold mining creates a wide range of opportunities for integrated
mine electricity planning.
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Table A.2 Breakdown of electricity usage of a typical gold/uranium mine()

Electricity use % of total consumption
Pumping J 19
Refrigeration ' S
Compressed air 23
Fans, ventilators 11
Milling 11
Gold treatment 4
Uranium plant 7
Winding, driving mech. equipment 10
Hostel 2
Lighting, workshops 4
Other 4
Total 100
40 -

<::%?mpressed
. —Pumping

" Mineral

. & Processing

Y Y ‘v , | Essential

S %,/ Services
0 { 1 ‘( ....... J '''''' N Ventilation

Figure A.2 Stacked electricity profile for a typical week
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The following are areas where there are still possibilities for improved electricity
effectiveness.

Load factor improvement: Mines generally operate with an electricity load factor
of 0,75-0,9 and thus load scheduling to improve the load factor is an area that has
still not been exhausted. There is scope for filling in of the valleys in early morning
periods and on weekends, but this will depend on the tariff scheme. Possibilities
include compressed air storage, thermal energy storage, and shifting of milling
operations.. Pumping and air compression are two important areas with potential for
additional load factor improvement. It has been calculated that 600 to 800 MW could
be moved off the evening peak if all deep-level mines move pumping to off-peak
periods, and 300 to 500 MW could be moved off the morning peak if all mines found
it feasible to store air underground. (1)

Recently a detailed study was completed for Vaal Reefs Mine on load scheduling. in
order to obtain co-operation from all areas of the mine, an internal energy costing
system is planned®).

Mine cooling: As mines become deeper so cooling costs become proportionately
higher with the increased virgin rock temperature. Mines are cooled by pumping
chilled water underground, using Pelton turbines to recover most of the gravitational
energy of the water, before being pumped to the surface again. However. these
systems operate with only a 55-65% efficiency. The use of ice slurry, or
displacement systems for mine cooling has been researched recently in South
Africa. More efficient mine design, the application of backfill, and airway insulation
are all methods by which heat loads can be further reduced in the future. As an
example it was shown, by comparison of two shafts at Vaal Reefs, that heat flow can
be reduced by 36% by improved design of a mine. Effective backfill can reduce total
heat load by 15%().

Pumping: At a Vaal Reef mine with a pump efficiency of 76% and a turbine
efficiency of 86% the turbine/pump efficiency is 65%, meaning that 35% of the water
put down the mine must be pumped to the surface by electric motor-driven pumps.
Through improved efficiencies and alternative cooling mediums such as slurry ice,
there is substantial potential for reduced pumping energy requirements. A hydro-
transformer system in Germany has an efficiency of 96%).

Rock drilling: Presently all rock drills are pneumatic, using 12-20 kWh/hole.
Hydraulic rock drills are now being investigated which require only 1,5 kWh/ hole(®).
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Waste heat recovery: A vast amount of low-grade waste heat is generated on
mines by refrigeration plants and through the main fans. It is possible that through
technological advances and increased power costs this waste heat will be utilised in
the future.

In the medium term there may be a move towards more shallow mines with lower
grade ores. The effect on SEC is not known at present.

Energy norms: Energy norms for a few mines have been developed through
electrical audits. These norms can be used to identify inefficient activities on other
mines, and could be invaluable in design and planning(19).

ENERGY MANAGEMENT

Gold mines have all implemented some form of energy management programme,
with the most common elements being load shedding, off-peak pumping of water
and power factor correction. Sophisticated computerized maximum demand control
systems have been installed on large mines. One mine reduced compressed air
“consumption by 20% in one year by conducting an intensive energy awareness
campaign(10).

FUTURE ENERGY CONSUMPTION

Granville et al. have estimated future gold production based on treated ore. From
116 million treated tons of ore in 1990, they predict this to fall to 110 million tons in
2000, and 50 million tons in 2015. During this period average ore quality will decline
further and mines will deepen. It is expected that in the near future many marginal
mines may face closure unless the gold price increases sharply. These mines will be
the more energy-intensive mines and thus the rate of closure of these mines will
influence future energy consumption. Gold mining energy intensities based on
treated ore appear to have decreased slightly over the past twenty years. Itis
assumed that the same trend will continue in the future, despite the deepening of
mines, due to the closure of marginal mines and improved technology.
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CONCLUSIONS

With increasing costs of labour and services, and lower profit margins, energy

effectiveness has become an area of increasing importance on mines and will

probably become even more important in the future. Technological improvement will

continue to improve SEC, but the deepening of mines will work against this effect.

Continued research and development on new technologies is essential since South -
Africa is a world leader in deep level gold mining, and the environment is

continuously changing as mines deepen. With an evolving electricity use pattern

ongoing load management is essential.
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APPENDIX B

PULP AND PAPER (SIC 341)

PROCESS DESCRIPTION

The primary raw material used in paper manufacture is cellulose fibre, mainly derived
from wood, although other sources have been used as well such as bagasse. The
wood is debarked and then mechanically chipped, after which it is ready for pulping.

In pulping the chips are broken down to their constituents which are mainly lignin
and cellulose fibre. Pulping is carried out chemically or mechanically.

Chemical pulping: The most common chemical process is the Kraft process,
which removes the lignin through cooking with chemicals in a digester. The spent
cooking liquor (black liquor) is concentrated in evaporators to 55-65% solids. The
concentrated black liquor, containing the lignin and other unwanted constituents of
the wood, is burned for energy. Molten inorganic salts remaining after the burning of
the black liquor are chemically treated to enable the reuse of chemicals in the -
digester. Kraft paper is used for printing and writing papers, and paper board.

Mechanical pulping: These processes have a much higher yield than the chemical
process because mechanical pulp contains all the wood constituents. The pulp is of
low grade and used for newsprint and tissue paper. Mechanical pulping is less
capital intensive, but more energy intensive than chemical pulping.

It is sometimes necessary to then bleach the pulp, which is achieved with oxygen or
chlorine processes.

The pulp suspensions of around 5% solids are dried and pressed to produce paper.
The degree of pressing and drying determines the properties of the paper produced.
Additive materials may be added to reduce the porosity and absorptivity, reduce the
transparency, and improve the surface of the paper for printing. Dyestuffs for
colouring may also be added.

Waste paper may also be used as a raw material, but it must first be cleaned. De-
inking may also be necessary for higher quality products. In industrialised countries
up to 50% of paper is recycled.
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Some mills produce only pulp and others only paper or board. The more integrated
the mill the better the waste products and waste heat can be utilised.

THE INDUSTRY IN SOUTH AFRICA
The pulp and paper industry comprises four main groups of companies and one

small independent company. Installed capacity of these companies in 1989 is
shown in Table B.10).

Table B.1 Structure of the pulp and paper industry in South Africa

Company Number Paper production
of mills capacity (tons/annum)

SAPPI 6 950 000
Mondi Paper 7 950 000
Nampak Paper 3 110 000
Carlton Paper Corporation 2 60 000
Vanessa 1 6 000
Total 20 2076 000

In addition, the SAPPI Saiccor plant produces about 450 000 tons/annum dissolving

pulp, all of which is exported for the manufacture of rayon. Some regular pulp is also

exported. Paper and board production in 1990 was about 1,81 million tons, and

South Africa was a net exporter of 263 000 tons. By 1992 South Africa recycled -
about 600 000 tons of paper and board per year, which was about 31% of overall

consumption. Nevertheless, paper waste must still be imported. This is partly due

to South Africa being a net exporter of paper products which will not be returned to

the waste stream(). -
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ENERGY CONSUMPTION

Because the pulp and paper industry requires so much steam and electricity and a
large amount of cheap fuel, it is ideally suited to cogeneration. Up to half the energy
requirements of this industry can be supplied by burning waste products of the
process. The South Africa pulp and paper industry uses about 590 MW, of which it
self-generates 255 MW). Little scope for further self-generation of electricity is seen
at present because of unfavourable economics, although technically it is possible for
the industry to generate much more of its power requirements.

SEC can be based on total or purchased energy. Total energy is often difficult to
determine since in-house energy inputs are not always accurately recorded. SEC
can be based on output of pulp, paper, or air-dried output including pulp and paper.
SEC is affected by the mix and grade of products, as shown in Table B.2. Some
countries import pulp (such as ltaly), thus reducing energy consumption per ton of
paper produced, or export pulp (such as Sweden). Recycling is more of a material
issue than an energy issue in Kraft paper-making since although less energy is
required, no cheap fuel is provided to self-generate energy. In the case of
mechanical pulping, about 12 MJ/ton paper of purchased energy will be saved.

Table B.2 SEC for different paper grades in the USA and Scandinavia in
1980 (MJ/ton)®)
Paper Grade USA Scandinavia
Bleached softwood pulp 24 20
Groundwood 6 5
Newsprint ) : 8
Magazine paper 17 14
Linerboard _ 15 10
Fluting 15 10
Paperboard 16 12

Table B.3 shows SEC for various countries. Wide discrepancies are evident due to
the wide range of methods of reporting specific energy statistics.
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Table B.3 SEC for paper-making in various countries

Country Year Specific Energy
Consumption (GJ/ton)

Brazil®) 1982 13,9 (purchased)
Brazil(10) 1988 19,5

Sweden(®) 1982 21,4

Sweden(®) 1982 8,8 (purchased)
Sweden(®) 1984 22,2 |
Japan(®) 1982 19,3 (purchased)
uk(1) 1988 25,8 |
USA®) 1982 31,1

usa(l) 1985 28,1

usa@ 1988 35 |
USA(@) 1988 18 (purchased)

Figure B.1 shows SEC for paper-making in South Africa between 1975 and 1984(12),
SEC appears to have remained relatively constant over that period, but it is
acknowledged that too many factors were at play to be sure of this trend. In
developing countries energy consumption in paper-making was decreasing by over
1% per year during this period.



-60 -

specific energy consumption (GJ/ton)

0
1975 1976 1977 1978 1979 1980 1981 1982 1983 1984

—~total —+ purchased

Figure B.1 SEC for paper-making in South Africa

According to Figure B.1 SEC in South Africa in the eighties was about 30 GJ/ton or
23 GJ purchased energy/ton{12). Table B.4 shows SEC in 1991 calculated by a

number of methods.

Table B.4 SEC for paper-making in South Africa in 1991
Method | GJ/ton
Total energy use/Total paper produced 36,9
Total energy produced (excl. Saiccor)/
Total paper produced 32,8
Total energy use (excl. that in export pulp)/
Total paper produced? 30,6

a  Assuming 16 GJ/ton pulp, and 460 000 tons dissolving pulp and 250 000 tons
regular pulp exported in 1991.
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Total energy use may well be incorrect because it is unlikely that in-house energy

use is adequately recorded. Nevertheless it would appear from the statistics and the

opinions of some(12.7) that SEC in South Africa is probably higher than in most

developed countries. Age of plants and technology used are similar to other

countries and thus cannot account for higher specific energy use. Possible reasons

for the higher SEC in South Africa are:

- Energy is cheap.

- The mills are small compared to major paper producing countries.

- Many mills are not integrated. For example, Usutu has an abundance of steam
with no use for the steam.

ENERGY MANAGEMENT

According to a survey conducted in 1984(12) the pulp and paper industry has a high
level of energy awareness, and energy effectiveness is of a high priority. It
nevertheless concludes that energy monitoring is not always sufficient, and there still
appears to be potential for improved energy efficiency. According to the SAPPI
energy engineer(7), the staff on some mills are not concerned with energy
effectiveness, only pollution, suggesting a strategy for selling energy effectiveness to
these mills.

FUTURE ENERGY CONSUMPTION

| Although many possibilities to reduce energy consumption exist, they are not cost
effective with the low cost of energy in South Africa. It is believed that most energy-
efficient improvements will come from the upgrading of machinery, mostly motivated
by increased productivity with the same steam rates(?). It is also believed that old
fashioned boilers will be replaced by cogeneration of electric power, and concern for
the environment will result in a range of improvements being made(®). The
application of pinch technology to paper mills has seen steam savings of over 20%
in both new designs and retrofits in other countries, and may be a possible route to
take in South Africa.

Extrapolation of SEC for the US paper industry indicates that by 2010 a 20%
reduction will result, i.e. 1% reduction per year. However technology exists to
reduce SEC by 2010 by 50%. Economics will determine the real magnitude of this
reduction?). Energy intensities have decreased even faster in other developed
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countries. Not enough accurate information is available in South Africa to determine
past trends in paper-making. It is nevertheless expected that energy consumption
per ton of pulp will decrease in the future, but not at as high a rate as was
experienced in developing counties in the past twenty years.

CONCLUSIONS

Energy effectiveness in the pulp and paper industry cannot be assessed by
comparing SEC since it is affected by so many factors. The industry in South Africa
appears to be particularly influenced by the low cost of energy which has excluded
many marginal possibilities for energy effectiveness that have been adopted in other
countries. Energy efficiency improvements in the near future are most likely to come
from modifications of existing processes and equipment. Energy awareness
promotion, financial incentives, and energy audits would assist in improving energy
effectiveness. Pollution abatement could be used as motivation for energy
effectiveness.
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APPENDIX C

STRUCTURAL CLAY PRODUCTS (SIC 3691)

PROCESS DESCRIPTION

Structural clay products include clay bricks, tiles, earthenware pipes, and
refractories.

Stages in the manufacture of clay products are:
- Winning of the clay
- Clay preparation
- Shaping
- Drying
- Firing

Clay works are usually sited as close as possible to the clay source. The clay is
quarried by opencast methods using multi-bucket excavators, scrapers, bulldozers,
and mechanical shovels, and sometimes blasting is necessary.

The clay is then crushed and ground, and then screened and blended to obtain
uniform composition. It is then mixed with water, and sometimes other ingredients
such as carbonaceous material, and transported for shaping.

Clay products are usually shaped by:

Full plastic moulding: Involves the extrusion of soft clay into a composite mould
for a number of bricks.

Extrusion: Clay is forced through a die and the clay column is cut into suitable
lengths by wire cutters. Products may be re-pressed to provide a better surface
finish. Tiles are often then pressed into their final shape after extrusion.

Dry press process: Clay with a low moisture content is compressed into the
required shape. The drying stage can then be omitted.
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In drying the moisture content is reduced to 0,5-6% prior to entering the kiln. Drying
is necessary to remove water that would interfere in the firing process. Drying
methods are:

Open air drying: Goods are stacked in the sun and allowed to dry naturally.
Hot floor drying: Goods are stacked on a floor which is heated below.
Tunnel dryers: Goods are moved continuously through a tunnel which is
heated by kiln exhaust gases or by direct firing of a heat exchanger.
Chamber dryers: Goods are stacked in chambers which are heated by
exhaust gases from the kiln. The gases are circulated from chamber to
chamber so that the wet goods do not encounter the hottest gases which
would cause cracking. Once the goods are dry the chamber is allowed to
cool before unloading.

Firing usually proceeds in stages. Water is evaporated up to 150°C. Between
150°C and 900°C chemical water is removed and the clay undergoes a number of
chemical transformations. Between 900°C and 1200°C the clay attains its strength
through vitrification. The following kilns are commonly used:

Intermittent kilns: These are used only for the production of small quantities of
products. The heat given off during cooling cannot be recycled. Intermittent kilns
used are the clamp kilns, scove kilns, scotch kilns, and downdraught kiins.

Semi-continuous kilns: This consists of a number of intermittent kilns built
together and interconnected. They are operated cyclically so that the exhaust gases
from one kiln can be used to preheat bricks to another kiln.

Continuous Kilns: Either the zone of maximum temperature moves advances
around the kiln, or the goods are moved through a tunnel with the desired
temperature profile. Moving fire kilns are generally modifications of the Hoffman kiln
and include longitudinal or barrel arch kilns, and traverse or chamber kilns.

THE INDUSTRY IN SOUTH AFRICA
The brick industry is dominated by Corobrick which is responsible for about 40% of

brick manufacture in South Africa, although its share has been declining due to the
recent mothballing of plants. Technologies used in South Africa range from
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technologies developed over a hundred years ago to modern computerized
technology. The breakdown of the different technologies is not known, although it
appears that clamp kilns predominate in South Africa(!1).

In 1985 energy costs were 21% of value added for the brick industry. Until 1891 the
Clay-brick Association, representing 70-85% of the total South Africa market,
collected general statistics. In 1991 larger association members utilised 61% of their
production capacity®). Recent estimates of brick production vary substantially,
ranging from 2,5 to 4,0 billion bricks per annum(©.7:8.9),

ENERGY CONSUMPTION

Assuming 3,5 billion bricks were produced in 1991, and 4,1 MJ/kg, and
3,0 kg/brick, energy use in the clay-brick industry was about 43 PJ. It is estimated
that about 85% of the energy used in the structural clay industry is used in
brickmaking, and therefore total energy use in the structural clay industry was about
51 PJ. If one assumes that the proportion of total SIC 369 energy used by the
structural clay industry was unchanged since 1985, then 35 PJ was used in 1991.
This discrepancy indicates the lack of adequate statistics on production and energy
use in the structural clay industry in South Africa.

The amount of energy consumed in the manufacture of clay products depends on
the raw materials used, the method of manufacture, the type of kiln used, the firing
temperature, firing times, and the type and quality of product produced. Some raw
materials contain carbon, such as carbonaceous shales, which reduces the energy
input requirement. Sometimes coal ash or fly ash is mixed into the bricks before
firing. The carbon content of goods to be fired should be considered when
comparing energy usage.

About 95% of the total energy used is used in drying and firing. Table C.1 shows
SEC for different kiln types for Corobrick.
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Table C.1 Range of SEC by kiln type including brick drying for Corobrick

in 1984

Kiln type Range Average
(GJ/ton) (GJ/ton)

Traverse arch - 1,5-4,0 2,9

Hoffman 1,3-3,7 2,0

Tunnel 2,1-5,7 3,5

Clamp 2,0-5,8 3,7

Downdraught 6,1-11,3 - 8,5

If one were to include all kilns in South Africa, then the variation would be even
greater. The wide range of specific energy requirements suggests that there is
substantial scope for improvement in the operation of many kilns in South Africa.
Table C.2 is a typical breakdown of the destiny of input energy to a kiln.

Table C.2 Destiny of input energy to a kiln(10)
Wall losses 25%
Waste gas loss 30%
Losses by cooling air 30%
Goods leaving the kiln 10%
Vitrification 5%

More modern kilns are better designed to reduce these losses, and retrofit

measures on existing kilns can also reduce these losses. Some of the methods

employed to reduce losses are: '

- Heated cooling air can be used in driers or as preheated air for combustion.

- Kiln exhaust gases can be recirculated, but heat exchangers are usually
required because of the presence of sulphur and other compounds.
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- Heat losses from goods leaving the kiln can be reduced by more efficient
cooling. Heat losses can be reduced from kiln cars by using modern lightweight
refractory blocks, and by rapid off-loading and re-loading.

- Heat losses through the walls of kilns can be reduced by better insulation.
Ceramic fibre is a relatively new form of efficient insulation.

- Improved operation and control.

- Good housekeeping such sealing of leaks and ensuring that dryer doors are in
good repair.

- The use of oxygen in kilns can increase kiln capacity, and reduce exhaust
gases.

- Quicker drying rates would reduce losses substantially, but many brickmakers
believe that this would damage bricks. Recently Considerably faster drying rates
were demonstrated successfully in South Africa®).

Most bricks produced in South Africa are solid, whereas in many countries it is
common practice to use hollow bricks. Already in 1981 only 20% of bricks produced
in Europe were solid. Perforations in the brick increase the surface area to volume
ratio of the brick, enabling quicker heat penetration. It has been calculated that
hollow bricks can use up to 40% less energy per square metre than solid bricks(®).
Recently it has been demonstrated that hollow bricks can be fired in clamp kilns
which account for a considerable portion of production capacity in South Africa(®),

SEC is significantly affected by the nature of the raw materials. The carbon content
of raw materials affects both firing time and fuel consumption. Only clay deposits in
the Witbank and Natal regions contain carbonaceous material. Other materials
added are ash, anthracite, duff, and filter cake. Other options are sawdust, paper
and pulp waste, and sewerage. Although these additions have an energy content, in
most cases they are discard material and are thus a more effective use of resources.
Other advantages are reduced density resulting in a greater quantity of bricks from a
fixed quantity of clay, more uniform firing is achieved resulting in less scrap, and full
firing within the brick is achieved more rapidly resulting in reducing SEC. Scope still
exists in South Africa for clay additions, but the following limitations exist:

- Excessive carbonaceous additions will cause burning.

- The sulphur content in the exhaust gases increases.

- The appearance of bricks can alter.



-89 -

If less water is used in the making process, less energy would be required in drying.
The optimum water content must minimize drying costs and power costs for
extrusion. New stiff extrusion processes are reducing the optimum water content.
In some areas the raw clay already has a water content above that desired.

Climatic conditions in South Africa favour open-air drying all year around, with the
exception of the coastal areas where seasonal brickmaking is sometimes
practised('!). This means that less energy but more labour should be required for
drying than most other developed countries. With extra handling requirements,
product waste levels for open-air drying can be significant and are typically 12-20%
for clamp kilns. Many brick manufacturers in South Africa reuse this waste.

The size of kiln also affects SEC, with kilns producing less than 30 000 tons/year
having significantly higher energy intensities(®).

In most European countries the average SEC for brick production was 2,5 MJ/kg in
1986 and the newest plants were using 1,5-2,0 MJ/kg{¥). Table C.3 gives SEC’s for

a number of countries in 1981. Generally SEC will have improved since 1981. |

Table C.3 SEC in brickmaking in 1981 for various countries(®)

Country Specific Energy
Consumption (MJ/kg)

Denmark 2,6

Netherlands 3,2
France 2,6
italy 3,8
Germany 2,8

ukKa 2,9

a8  Excluding fletton bricks which are derived from a unique type of clay.

Currently, average SEC for Corobrick is 4,14 GJ/ton including carbonaceous
material(!). It would thus appear that the clay-brick industry in South Africa has a
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higher SEC than most other developed countriés, which is not surprising
considering the low cost of energy.

ENERGY MANAGEMENT

One study conducted in 1984(11) concluded that the level of energy effectiveness on
the limited number of plants analysed was low. Barriers to improved energy
effectiveness are unawareness of energy saving opportunities due to lack of
monitoring, lack of available capital, and resistance to change.

FUTURE ENERGY CONSUMPTION

It would appear that there is substantial potential to reduce SEC through:
- Increased production of hollow bricks.

- Improved operation of kilns.

- Improved process integration reducing energy losses.

Also, the addition of waste carbonaceous materials to the bricks before firing,
without a decrease in the quality of the final product, would result in the more
effective use of resources. Optimisation of water content and extrusion process can
also reduce energy costs and may reduce SEC. Average SEC in South Africa is
approximately 40% higher than developed countries. Considering the excess
production capacity at present, the commissioning of new plants will be slow.
Nevertheless the potential for cost-effective retrofit measures is undoubtedly large
and it is estimated that SEC could be reduced cost-effectively by at least 25%.

CONCLUSIONS

Little information is available on the structural clay industry in South Africa. It would
appear that SEC in South Africa is considerably more than in other countries.
Energy awareness appears to be low and considerable potential exists to improve
energy effectiveness. The brick industry would derive substantial benefit from
government information programmes including general awareness, demonstration,
and audits. ' »
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APPENDIX D

CEMENT (SIC 3692)

PROCESS DESCRIPTION

Cement is produced by taking limestone (95%) and shale (5%), grinding them into a
fine homogeneous powder, called raw meal, to ensure that they have a reasonable
reaction rate. The raw meal is then fed to the kilns either as a wet slurry or a dry
powder, depending on the grinding process. The raw meal is burnt in a kiln, which is
almost always a rotary kiln, at a maximum temperature of about 1500°C to produce
cement clinker. The clinker is cooled and then ground with about 5% gypsum to
give Portland Cement powder.

A major trend in the cement process has been the de-commissioning of the wet
process, and the introduction of the more energy-efficient dry process. Drying of the
material in the raw feed mills and cement mills, and reheating of the raw meal using
exhaust gases of the kiln is common practice. Cooling takes place in rotary,
planetary, or grate coolers.

THE INDUSTRY IN SOUTH AFRICA

Cement is produced by three companies in South Africa: Anglo Alpha Cement,
Pretoria Portland Cement, and Blue Circle Cement. Natal Portiand Cement is a joint
venture between these three groups. The South African Cement Producers’
Association collects production and energy statistics annually for all cement
producers. In 1992 7 028 million tons of cement were produced, 5,4% less than 1991
(7 426 million tons)(!). Energy accounts for about 50% of cement production costs
and thus there is strong incentive for energy effectiveness(?.

About 59% of available production capacity was used in 1992. About 8% of cement-
producing capacity is the wet process, but it is not known if this capacity is being
utilised. About 48% of cement production capacity is over 20 years old, but most of
the old capacity is not being utilised. If cement production should increase sharply
in the near future, then it may occur that energy intensities will increase due to the
utilization of older less efficient plants.
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ENERGY CONSUMPTION

Wet grinding, which produces a slurry with 25-40% water, used to be standard
practice. However the large amount of heat required in the kilns to evaporate the
water was a major disadvantage. But with the advent of dry milling, which produces
raw meal with a water content of only about 1%, the required energy consumption in
the kilns could be reduced substantially. Nevertheless about 80% of total energy
consumption is used by the kiln.

The exhaust gases of the kilns account for about 34% of the energy consumption.
This heat is usually utilised by the drying and preheating of the raw meal. The raw
meal is often preheated in a series of about four suspension preheaters. Another
method of preheating the raw meal is by addition of 10-15% water to produce
nodules which can be preheated on a travelling grate. However there is then
generally insufficient heat to dry the raw meal in the mills, thus necessitating another
heat source. This process is referred to as the semi-dry or Lepol process.
Table D.1 shows ideal heat requirements for each of the above-mentioned
processes. Electricity is excluded, and a small amount of diesel or fuel oil for
starting up the kiln is also used. The theoretical minimum is 1,86 MJ/ton of clinker.

Table D.1 Idealized heat balance data for four types of kilns®®
4-stage Long dry Semi-dry Wet
suspension (Lepol)
preheater

Theoretical heat of

clinker formation 1760 1760 1760 1760
Drying the kiln feed 25 25 510 2370
Exhaust gas losses 710 1490 315 755
Radiation & convection losses 435 625 455 540
Cooling & exhaust gas losses 300 345 305 - 100

Other losses 115 195 70 85

Total 3345 4440 3415 5610
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Lately decarbonisation of the limestone prior to the kiln (precalcining) using kiln
exhaust gases has been introduced. This measure initially had more of an effect on
capital cost than energy use. However new precalcining technology can reduce
energy requirements considerably.

An average cement plant uses about 110 kWh of electricity for every ton of clinker
produced. About a third is used in raw milling, another third in cement milling, and
the final third is consumed by the rest of the factory. The trend towards the dry
process has resulted in an increase in electricity consumption, mainly due to the
extra requirements in raw milling. Wet milling is 30-40% more efficient then dry
milling, and consequently some attention has been focused on improving the
efficiency of dry milling.

in other countries some cement producers generate their own electricity using
exhaust gases. It is probable that this will not occur in South Africa unless the price
of electricity increases in real terms.

In many countries secondary materials such as blast furnace slags and fly ash are
added to the cement. In the US these secondary materials are added to the
concrete rather than the cement, mainly due to marketing problems. However the
more energy-effective route is the addition of these materials to the cement. There is
also the possibilvity that certain naturally occurring minerals can be treated to
produce a hydraulic cement that may need far less energy than Portland cement.

The average SEC in most European countries was 3,6-3,8 MJ/kg in 1987 and the
newest plants were using 3,3 MJ/kg®). Figure D.1 shows SEC in the South Africa
cement industry between 1970 and 1992.
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Figure D.1 SEC in cement manufacture in South Africa between 1970 and
1992(2.5)

The decline in SEC in the cement industry in South Africa is mostly accounted for by
the increasing proportion of dry process kilns used. SEC in South Africa is about
30% higher than developing countries.

The incentive to reduce energy consumption has been increasing because energy
costs have been increasing relative to other costs. Between 1976 and 1984 energy
costs rose from 32 to 44% of production costs®).

The average capacity of a US kiln is 336 000 tons per year, and the Japanese kiln is
714 000 tons per year. Much of the improvement in SEC in the Japanese kiln was
due to falling cement demand and the corresponding concentration of production at
more efficient plants. Many kiins today produce one million or more tons annually



-76 -

and these kilns and new plants are the efficient operations). In 1984 in South Africa
there were 28 kilns in production and total production for that year was 8 188 tons,
giving an average kiln capacity of 292 000 tons/year Flgure D.2 shows how SEC
increases with the age of a kiln.

specific energy consumption (MJ/ton)
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| ¥
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FigureD.2  Average SEC for kilns depending on year of commissioning(®)

ENERGY MANAGEMENT

In 1984 a survey was carried out to ascertain the levei of energy management in the

cement industry. The survey accounted for 70% of cement manufacture in 1984.

Findings were(5): |

- At least one person was allocated to energy monitoring and optimization, but this
was not his sole responsibility.

- All plants held discussions regarding energy management with employees.

- Less than half the plants conducted energy awareness drives.

- Most plants have made efforts to reduce their electricity costs, but there was still
room for improvement.
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FUTURE ENERGY CONSUMPTION

Developments in the future which are likely to further reduce SEC are:

- Larger precalciner kilns.

- More efficient raw milling and cement milling technologies.

+ - More efficient kiln design.

- Better insulation of existing kilns.

- Alteration of the Portland cement composition. Blended cements with similar
properties to Portland cement can result in up to 75% energy savings.

- The introduction of computerized energy management systems.

it unlikely that new cement plants will be commissioned in the near future, and major
plant renovations are unlikely. When demand for cement increases, SEC will initially
be adversely affected by the use of older existing production capacity. It has been
estimated that SEC will reduce to about 3,8 GJ/ton by 2000(2), which is a 16%
decline from the early nineties.

CONCLUSIONS

SEC in the cement industry is largely a function of type of process used, and age of
plant. Energy management appears to be practised at a reasonable level in South
Africa. SEC could be reduced with improved kiln operation and increased
production of blends of Portland cement. These are important areas of research.
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APPENDIX E

FERROUS METALS (SIC 371)

1. IRON AND STEEL
PROCESS DESCRIPTION

In the steel-making process iron ore is reduced to iron. This has been traditionally
achieved in blast furnaces using coke and limestone. The coke provides heat and a
porous support for the ore, and reduces the iron oxide to iron, producing an off-gas.
This gas is used for energy purposes in other parts of the plant. The iron is removed
from the blast furnace as a liquid 'hot metal’ or is cast as ’pig-iron’. Recently direct
reduction has been used instead of the blast furnace, and this process does not
require coke.

Primary steel is then produced by removing impurities from the metallic iron. This is
achieved using either the open hearth furnace, the basic oxygen furnace, or the
electric arc furnace. The open hearth furnace has a high energy consumption and is
being phased out. The basic oxygen furnace (BOF) is currently most commaonly
used, but the electric arc furnace (EAF) has greater control and flexibility and is
becoming increasingly used. In 1988 in South Africa 67% of liquid steel was
produced in BOF’s and the remainder in EAF’s. The steel is then either cast into
ingots which are reheated and rolled, or continuously cast into slabs or blooms.

In developing countries steel is consumed in significant quantities in the form of'large
bars, beams, rods structural sections, mostly used for construction. Developing
countries also export raw steel which does not undergo further refinement. There
will thus be a difference in the output mix from country to country, making
comparison difficult. Consequently the International Iron and Steel Institute (11S1) has
laid out a specific procedure for calculating SEC, and has laid down a set of
reference standards of what can be achieved with current best technology. They
have laid down a basis for adjustments to conditions differing from those in the
reference plant.
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THE INDUSTRY IN SOUTH AFRICA

In 1990 South Africa produced 8,6 Mt of crude steel. The largest producer is ISCOR
which produces about 65% of total production.

ENERGY CONSUMPTION

Energy consumption in producing crude steel is as foliows(!):

-Iron making 58%
Rolling, etc. 15%
Steel-making 11%
Services 12%
Losses - 4%

Iron-making is carried out using:

(1)  Blast furnaces.

(2)  The Corex process which does not require coking coal.

3) Direct reduction which normally takes place in rotary kilns.

(4)  As a co-product of vanadium (Highveld Steel and Vanadium) or titanium slag
(Richards Bay Iron and Titanium).

The SEC of each of the above iron-making routes in 1988 are estimated to be(!):

Richards Bay Iron and Titanium 74,2
Highveld Steel and Vanadium 43,8
Blast furnace 19,8
Direct reduction 19,6
Corex 19,6
South Africa total 26,1
Major countries 14,5

Specific net energy consumption in 1988 for the liquid steel production in South
Africa was 29 GJ/ton (excluding Richards Bay Iron and Titanium). The split between
various fuels is(V): '

Coking coal 52%
Non-coking coal 23%
Electricity 24%

Other 1%
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Table E.1 shows SEC for crude steel production in various countries. Between 1970
and 1985 the average rate of increase of energy efficiency in steel production
globally was 1-2% /annum(®).

Table E.1 SEC for crude steel production in 1988(1)
Country Year GJ/ton
Australia 1986 22,9
Brazil 1988 20,8
Canada 1988 23,7
Japan 1988 17,6
South Africa 1988 29,0
Taiwan 1986 23,2
UK 1988 19,8
USA 1988 21,4

In the rolling and finishing of steel South African industry used 4,3 GJ/ton compared
the average from the ISli list of 4,0 GJ/ton, despite of the fact that South Africa is a
high exporter of semi-finished products.

It was estimated in 1984 that about 20% of the total heat input to the industry is lost
as waste heat. The destination of waste heat is approximately as follows(4):

Sinter cooling air (250-400°C) 6%
Sensible heat of coke (1000°C) 9%
CO gas (600-800°C) 6%
Blast furnace gas (100°C) 5%
BOF gas (1650°C) 10%
Cooling water (30-60°C) 13%
Sensible heat of slag (1550-1600°C) 8%
Exhaust gases (300-700°C) 32%

Other 9%
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Sinter cooling air can be used for generating hot water or steam. In some countries
heat recovery from the coke by dry cooling is practised but is usually only feasible if
enforced by environmental legislation. Heat recovery from the coke oven CO gas is
problematic because of its tar content. The blast furnace and BOF gas could be
used for cogeneration using turbines. Heat recovery from the slag is not
economically feasible. The energy of some of the exhaust gases could be
recovered, but some of the gases are corrosive. The cooling water temperature is
too low for heat recovery. It is thus evident that some of this waste heat can be
recovered in the future, but currently recovery of most of the waste heat is not
economically viable.

Factors affecting energy consumption in South Africa are(2.6);

Proportion of scrap used: In 1988 the proportion of scrap in steel-making
materials was 26% compared to 50% for the USA. Steel production from scrap
requires less than half the energy consumption than does steel production from
direct reduced iron. Since South Africa is a net exporter of steel the proportion of
scrap available is less than for non-exporters.

Iron ore quality: South Africa has a high alkali content and a low proportion of
Sinter.

Coking coal quality: South Africa’s coking coal has a high ash content, low coke
strength, high volatiles content. The Corex process has avoided coke usage, greatly
reducing energy costs by as much as one-third compared to the conventional blast
furnace route. It may however result in a higher specific energy usage, although
overall the process is more effective.

Pre-refining of iron ore: In South Africa blast furnaces are run on 100% lump ore,
while other countries also make use of pre-refined iron ore pellets. South Africa
does not have the facilities to produce iron-ore pellets, and importing these facilities
is claimed by ISCOR to be prohibitively expensive.

Production of co-products: Vanadium and titanium are produced as co-products
of iron, and consequently the processes used have been adapted to their specific
requirements.

Price of electricity: The energy of the off gas from the furnaces is usually all
recovered by waste heat recovery and electricity generation. However in South
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Africa some of this gas is wasted, the reason being that under current electricity
prices it is not economically viable to generate electricity(@).

ENERGY MANAGEMENT

Energy management at ISCOR is carried out by its corporate centres, each of which
is responsible for its own energy management. The managing director appoints a
Corporate Energy Board, which appoints a Corporate Energy Advisory Council
representing each works centre, mining operations, and headquarters. Each centre
manager appoints a Centre Management Committee. The above bodies act under
the guidance of the Corporate Energy Policy. Recently energy management was
removed as a function of headquarters, and the Corporate Board and Advisory
Council were dissolved.

Energy management in the iron and steel industry in South Africa is of a high

standard because: |

-  The industry is dominated by a few large companies who have the economy of
scale and resources to carry out effective energy management.

- Energy is a major production cost. .

- Much attention has been focussed on energy use in the iron and steel industry
internationally and information on new technologies and performance standards
are readily available.
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FUTURE ENERGY REQUIREMENTS
Table D.2 shows estimated steel production in South Africa!).

Table D.2 Forecast of liquid steel production in South Africa in 2000 and
2015 (Mt/annum)

Process 19390 2000 2015 2015
low high
Blast furnace 4.5 4,5 4,5 6
Corex 0,4 1 1 5
Corex-Midrex 0 0 1 7,5
DRI+ EAF 1,5 2 2 3
Scrap+EAF 1 1,5 1,5 3
Highveld 1,2 1,5 1,5 2
Plasma 0 0,5 1,5 3
Total 8,6 11 13 29,5

Table D.3 shows SEC used by Granville et al.(!) in their calculation of future energy
demand by the iron and steel industry. In 1991 gas and liquid fuel usage was about
3% of coal and electricity usage in the ferrous metals industry. Consequently an
additional 3% energy is added to coal and electricity to obtain overall energy
requirements.
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Table D.3 SEC requirements for steel production (GJ/ton)

Process Coal Electricity Total
Blast furnace 21,6 2,2 24,5
Corex* 21,6 2,5 24,8
Corex-Midrex 18,9 2,2 21,7
DRI+ EAF 21,6 2,2 24,5
Scrap + EAF 0 2,2 2,3
Highveld 27 5,4 33,4
Plasma 13,5 9,4 23,6

Contrary to the assumption of Granville et al.{!), it is expected that within each

technology there will be an improvement in SEC due to:

- Replacement of old equipment and plants with more efficient technology.

- The introduction of new and appropriate local technology such as the Corex
process.

- The introduction of new technology resulting from international research, largely
motivated by the desire to reduce CO, emissions.

- Increased usage of scrap iron.

In addition, greater incentives for cogeneration will also reduce SEC.

CONCLUSIONS

It is evident that energy management in the iron and steel industry in South Africa
has been of a high standard even though commitment to energy effectiveness has
fallen with the removal of the ISCOR Corporate Energy Board. Providing of
incentives for cogeneration could be beneficial to the effective use of energy in the
industry. Improved energy effectiveness will depend to a large extent on the
success of local research and development since South Africa has unique local
conditions. It would be of benefit to try and quantify the reasons for steel SEC in
South Africa being so much higher than that in developed countries. However, such
research should be conducted by an impartial organisation outside the steel
industry.
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2. STAINLESS STEEL

In 1990 South Africa produced 100 kt of stainless steel using 0,6 PJ. Stainless steel
is produced by melting iron (usually scrap steel) and alloying elements (nickel,
ferrochrome, etc.) in submerged arc furnaces. Approximately 3,6 GJ of electricity
and 2,5 GJ of coal are required per ton of stainless steel. It is anticipated that major
technological changes in stainless steel making will be introduced in the next twenty-
five years. The Columbus project will quadruple South Africa’s installed capacity.
Production of stainless steel is estimated to grow at 24,2%/annum between 1990
and 2000, and 8,8%/annum between 2000 and 2015. SEC is expected to remain
unchanged until 2000, but at a later date there will not be sufficient scrap iron, and
some stainless steel will have to be produced from raw molten metal which will
increase the overall SEC to about 15,1 GJ/ton by 2015(1),

3. FERROALLOYS
PROCESS DESCRIPTION

The most important ferroalloys produced are those of chromium, manganese, and
silicon. Other materials are also used together with iron and steel (such as calcium
carbide), but this is not their main use and thus they are not included under
ferroalloys. Ferroalioys are generally produced in electric smelting furnaces using a
carbon-based reductant.

THE INDUSTRY IN SOUTH AFRICA

South Africa is responsible for 12% of the world production of ferroalloys. In 1880
South Africa produced 1 022 kt of ferrochrome, 672 kt ferromanganese, and 114 kt
ferrosilicon. Production of ferroalloys by the largest producers is shown in
Table D.3.
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Table D.3 Percentage production of main ferroalloys by producers in
19900 ’
Company Chrome Manganese Silicon
Samancor 40 58 60
Middelburg Steel 23 _ - -
Consol. Metal Ind. 20 - -
Chromecorp 11 - -
Ferroalloys 6 17 -
Transalloys - 25 -
Rand Carbide - - 40

A 20% electricity rebate was instituted by the Department of Trade and Industry in
1973 for a number of companies which were mainly ferroalloy producers. The
rebates were progressively raised to 45% in 1982, and then reduced again to 30%.

This scheme terminated at the end of 1992.

ENERGY CONSUMPTION
Table D.4 lists the average energy intensities for the production of ferroalloys in
1990, and Table D.5 gives energy consumption. A small amount of liquid fuel is

used, but comprises only about 2% of energy use, which is included in the total SEC.

Table D.4 SEC for the production of ferroalloys in South Africa in 19900

Alloy Electricity Coal Total

(GJ/ton) (GJ/ton) (GJ/ton)
Chromium 14,4 25,6 40,8 ,
Manganese 13,0 17,7 31,2 _'

Silicon 37,8 29,1 68,2
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There are a number of process options for the reduction of ores. For instance,
options for ferrochrome include type of furnace, size of the feed, degree of pre-
reduction, type of reductant, degree of exit gas cleaning, and use of off-gases. In
some countries off-gases are used for cogeneration, but this is claimed to be .
uneconomical in South Africa.

Tabie D.5 Energy consumption by ferroalloys in South Africa in 1990
Alioy Electricity Coal Total
(PJ) (PJ) (PJ)
Chromium 16,9 27,5 46,8
Manganese 9,7 10,8 21,4
Silicon 4.8 3,5 8,6
Total 31,4 41,8 76,8

ENERGY MANAGEMENT

No information on energy management in the ferroalloy industry could be found.

FUTURE ENERGY REQUIREMENTS

Future ferrochrome production depends on world demand for stainless steel and
South Africa’s share of the ferrochrome market. The future of ferromanganese
depends on the growth in world steel production, while ferrosilicon depends more
on the growth of the local steel market. Overall ferroalloy production in South Africa
is expected to grow at 3,1-4,8%/annum between 1990 and 2000.

It is expected that plants in the future will use less electricity and more coal in South
Africa. The overall effect will be a slight increase in overall SEC for new plants,
although energy costs may be decreased.
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CONCLUSIONS

Small to moderate improvements are expected in the energy effectiveness of the
processes, but the major effect on energy will be the rate of introduction of new
technologies. The industry in South Africa has shown some innovation in modifying
the process to suit local conditions. Assistance that may be of benefit to the
ferroalloy industry includes joint R&D projects to investigate and develop processes
for South Africa that will minimize production costs and improve electricity load

management. .
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APPENDIX F

NON-FERROUS METALS

Energy consumption of non-ferrous metals in 1990 (excluding mining and liquid
fuels) is shown in Table F.1.

Table F.1 Energy consumption of non-ferrous metals in South Africa in
1990(")
Metal Prodn. Elec. Coal Total
(kt) (PJ) (PJ) (PJ)
Aluminium, primary 170 10,1 1,1 11,4a
Aluminium, secondary 130 0,5 1,18
Titania slag 640 7,3 59 13,2
Zinc 92 1,6 1,6
PGM 0,139 1,4 1,4
Nickel 36 0,4 1,1 1,5
Copper, secondary 60 0,4 0,2 0,5
Other 2,0 0 0,1 0,1
Total 20,6 8,3 30,8

2  Includes liquid or gaseous fuels.

ALUMINIUM
PROCESS DESCRIPTION

Primary aluminium production consists of extracting alumina from the bauxite ore
and reduction of the alumina to the metal.
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Reduction of the alumina to aluminium is carried out exclusively by the Hall-Heroult
process which has dominated primary aluminium production for more than a
century. The process involves electrolysing alumina dissolved in molten cryolite at
about 960°C in a smelting pot. The modern smelting pot is lined with refractory
insulation, and the pots are placed next to each other to form a long pot line.
Current enters the pots through pre-baked anodes, and the aluminium is deposited
molten onto a carbon cathode which also serves as the melt container. Molten
aluminium, which is 99,6 to 99,9% pure, is removed from the cells and cast into
ingots or together with alloying materials cast into products.

Scrap aluminium is used to produce secondary aluminium, using as little as 5% of
the energy required for primary aluminium production. In 1987 secondary aluminium
accounted for about 25% of aluminium consumption.

Since all smelters use the same technology, the difference in SEC between countries
is not great, with only the plant’s age making any real difference. Aluminium
smelters worldwide often pay a different electricity tariff to other electricity users, and
thus their international competitiveness depends greatly on the price of electricity.
Lower electricity tariffs for smelters is justified to a degree in that they use large
constant loads, and aluminium acts as stored energy. It is often the case that
electricity utilities and smelters become partners.

THE INDUSTRY IN SOUTH AFRICA

Alusaf is the sole producer of primary aluminium in South Africa, producing 169,2 kt
of primary aluminium in 1991. About 40 kt of secondary aluminium was produced in
1991. 130 kt of aluminium were consumed locally. However, a decision was made
in 1992 to go ahead with the construction of a new plant with a capacity of 466 kt/a.
Full production should be reached in 1996. The new smelter will require 800 MW of
electricity, which is hoped may come from the Cahora Bassa Scheme(@),

South Africa’s primary aluminium is produced entirely from imported alumina.
Research into the production of prirhary aluminium from local sources indicates that
for the near future at least production would be uneconomic. However there is a
possibility that alumina could be produced from phlogoplite at Phalaborwa together
with other co-products.
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Since all subsidies and tariffs fell away Alusaf has paid the normal ESKOM electricity
tariff. However ESKOM and Alusaf have entered into a 25-year power supply
contract whereby the electricity tariff will be directly linked to the London Metal
Exchange price for aluminium. The electricity cost per ton of aluminium produced
will be equivalent to 16,3% of the price of aluminium. The deal should reduce
electricity costs for Alusaf. '

ENERGY CONSUMPTION

Electricity accounts for 90% of the energy used in smelting, with the world average
specific electricity consumption being 16,7 kWh/kg in 1985. The latest smelters use
14,5 kWh/kg, with the cell alone consuming 13,5 kWh/kg. These figures include
rectifier losses and auxiliaries(!).

Non-electrical energy for smelters is mostly used in the baking of anodes and the
cast-house furnaces. In South Africa producer gas from coal supplies most of this

energy.

Specific net energy consumption in South Africa for a ton of primary aluminium in
1990 was(!):

Electricity : 59,4 GJ/ton (16,5 MWh/ton)

Liquid fuels - 1,1 GJ/ton
Coal 6,4 GJ/ton

Total 66.9 GJ/ton

Table F.2 compares specific electricity consumption for South Africa to those in
other countries.
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Table F.2 Comparison of specific electricity consumption for aluminium
production®
Country kWh/ton
italy ' 13,3
Netherlands 13,3
France - 13,5
Brazil 14,0
West Germany 14,5
Japan 14,9
USA . 15,4
Australia 16,1
South Africa 16,5
Canada 20,0

South Africa’s specific electricity consumption is similar to the world average. The
| production of secondary aluminium has a specific electricity consumption of about
4,0 GJ/ton (1,1 MWh/ton) and a specific liquid fuel consumption of 4,9 GJ/ton. The
aluminium can is one of the only packaging materials that can be 100% recycled.
Europe recycles 40%, the USA 55%, Canada 65%, and Sweden 85%.

ENERGY MANAGEMENT

No information on the aluminium industry could be found.

FUTURE ENERGY REQUIREMENTS

After 1995 Alusaf will have an installed capacity of 680 kt/a. A high forecast of
primary aluminium production in 2000 is thus 680 kt/a, with the low forecast being
466 kt/a. The high forecast for 2015 is 1500 kt/a and the low forecast 600 kt/a(1).
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It is unlikely that an alternative aluminium process will be commercially available
before 2010. The theoretical minimum SEC for a cell is 6,3 kWh/kg, which is about
half of the best technology, and thus there appears to be potential to improve the
electrical efficiency of the cells. It is estimated that top-of-the-range cells will not
break 11,5 kWh/kg before 2000(1).

The present smelter, upgraded, is expected to use 15,8 MWh/ton and the new
smelters 15 MWh/ton, giving an average of 15,3 MWh/ton for 2000. By 2015 itis
expected that specific electricity requirements will be between 13,0 and
14,0 MWh/ton. Specific coal and liquid fuels requirements are not expected to
change significantly, and secondary aluminium production is also assumed to
remain unchanged(!).

CONCLUSIONS

Aluminium production is set to soar in South Africa. Although aluminium production
does not use a large proportion of total energy in the basic metals industry, it does
represent a large proportion of energy costs. Since South Africa will be using the
latest technology, there does not appear to be much potential for improved energy
effectiveness. Increased recycling of aluminium may be an area of possible
improvement.
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APPENDIX G
OTHER INDUSTRIAL GROUPS

Other groups in industry not included in the above analysis are not normally targeted
for improved energy effectiveness because their energy intensities are lower. Many
of these groups will not place as much emphasis on effective energy management,
and thus it would be expected that their potential to improve energy effectiveness is
greater. These industries will be a prime target for information dissemination. The
results of some studies of these industries are summarised below.

FOOD, BEVERAGES, AND TOBACCO

This sector is highly diverse in products and patterns of energy use. Energy costs in

this sector are generally less than 10% of production costs, and therefore energy

management receives little attention. However this sector consumed 90 PJ of

energy in 1991, 10% of that for industry. The UK energy efficiency demonstration

scheme identified typical savings of 20-40%, with 5-10% through better

housekeeping, 10-20% through conventional technology improvements, and 5-10%

through innovation(®). Some innovations which may improve SEC are(€);

(1) Mechanical vapour recompression techniques may be used as a

| preconcentration technology.

(2)  New techniques of blanching, sterilization, and pasteurization have occurred
recently. |

(8)  Thermo-compression techniques.

(4) 1tis likely that there will be a move from batch to continuous processing
resulting in increased control and the maximization of heat recovery.

In South Africa a number of quick energy audits are being conducted in the food
sector. Initial results indicate that energy savings of 8-32% can be saved through
low-cost energy-effective improvements(#). It was noted that the potential was
higher in the less energy-intensive industries. Cost-effective potential will be higher if
higher investment schemes were included.
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TEXTILES, CLOTHING, AND LEATHER

Only one study on the textile industry was found, and the report was completed in
1980. This study(!) estimated possible savings which are summarised below.

Conservation measure Possible energy savings
Improved boiler operation 5-10%
Improved steam distribution 3- 8%
Improved steam utilization 3- 5%
Improved electricity use 10-15%
Reduced dyeing energy requirements 10-35%
Reduced drying energy requirements 10-40%

These savings are not additive but indicate the large potential that existed for energy
conservation at the time. If it is assumed that the SEC of the textile industry has not
improved significantly since 1980, then much of this potential will still exist.

CHEMICALS

There is a limited growth potential locally, but exports could be a new growth area.
South Africa first needs to upgrade its plants, which were designed for the local
market, to increase the international competitiveness of its products(?). SEC could
potentially be reduced significantly through the development of improved catalysts.
By applying the principles of pinch technology, energy savings of 20-70% have been
identified in other countries. Pinch technology was applied to an oil refinery in South
Africa and a cost-effective energy reduction of 10% was identified, with a further 11%
possible through improvements in steam generation3). One chemical company
achieved an energy saving of 10% in one year through the implementation of low-
cost energy effectiveness measures(®).
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APPENDIX H

ENERGY ANALYSIS BY COMMON INDUSTRIAL ACTIVITIES

1. ENERGY BASE

Table H.1 shows estimated energy consumption for mining and manufacturing for
1990. Most of the data was obtained from the Cooper database(7), but some
adjustments were made to the data.

Table H.1 Energy use in mining and manufacturing in 1990 (PJ)

Sector | Elec. Coal®  Liquid GasP Biomass Total
Fuels

Mining 122 9 9 1 141

Manufacturing 200 432 44 26 14 716

Total 322 441 53 27 14 857

Includes coke, blast furnace gas, and coke oven gas.
b Includes coal gas, producer gas, and refinery gas.

From an average stacked winter weekday electricity load profile in 1989, it would
appear that industry contributes about 62% towards the daily peak. This amounts to
a 13 555 MW peak for 1990.

Tables H.2 and H.3 show energy consumption by energy use for mining and
manufacturing, and electricity and fuel respectively(?).
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Table H.2 Final use of energy in mining and manufacturing (%)
Use Mining Manufacturing Total
Thermal 16,6 59,2 52,5
Mechanical 73,4 15,9 25,0
Chemical 1,0 15,3 13,0
Light 2,7 1,9 2,0
Transport 49 1,5 2,0
Other 1,5 6,3 55
Total 100 100 100

Table H.3 Final use of electricity and fuel in industry (%)
Use Electricity Fuel Total
Thermal 23,8 68,9 52,5
Mechanicali 62,4 3,7 25,0
Chemical 7,2 16,3 13,0
Light 55 0,0 2,0
Transport 0,9 2,6 2,0
Other 0,2 8,5 5,5
Total 100 96,9 100
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2. ELECTRICITY
DEMAND REDUCTION

Only one comprehensive study has been conducted on potential demand
reduction®®). The study was performed in 1985 and since then some of this potential
will have been realised, but additional potential will also have arisen. It is assumed
that the estimated potential then is similar to the current potential. Conclusions of
the study were:

(M ESKOM'’s peak load could be reduced by 486 MW (3-4%) if the following used
sophisticated load control systems:
- manufacturing using manual load control systems (40 MW),
- manufacturing having no load control systems (360 MW), and
- mines with inadequate load control (86 MW)

() ESKOM'’s peak load could be reduced by about 716 MW (500 MW in
manufacturing and 216 MW in mining) through load shifting.

(8)  The potential for improved power factor correction in manufacturing is small
as most manufacturing have already made use it. However, since mines do
not pay for their peak demand on an MVA basis, but on a MW basis, there is
little incentive to improve their power factor above the mandatory 0,85. The
average power factor of the mines was about 0,913, indicating scope for
improvement, but only if mines were to be charged on an MW basis.

CONSERVATION

For electricity, mechanical energy use refers to electric motors. Most electricity used
for thermal purposes is used in furnaces, and most electricity used for chemical
purposes is used for electrolysis.

Motors: Motors are the largest user of electricity in industry in most countries, with
most of the motors powering pumps, fans, compressors, and machine tools. One
international review of the effective use of motors indicates a 5 to 50% estimate
range for the potential reduction in electricity use, although typically potential savings
are 20-30%. It has been estimated for the USA that 16-40% of industrial electric
motor energy can be saved by measures shown in Table H.4(),
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Table H.4 Potential electric motor energy reduction in the USA

Savings

(TWh/yr)

Induction motors

Replacement with high efficiency motors 59

Elimination of past rewind damage , 15

Correction of previous oversizing 8

Electrical Tune-ups _ 14-72

Controls 75-298
DC and synchronous motors

All measures _ 3
Drivetrain, lubrication, and maintenance

Measures on all motors 34-98
Indirect savings

Reduced distribution loss 24-55

Reduced HVAC effect 13-24

Total savings 245-632

It is estimated for the United Kingdom that efficiency measures, with payback
periods of two years or less, could reduce motor electricity consumption by 10%(13),
A study of Brazil('2) estimates that about 6% of electricity used by electric motors
could be saved through equipment replacement, and installation of motor-speed
controls could reduce electricity consumption by 9%. This is an overall reduction of
15% excluding smaller opportunities.

An overview of the energy-efficient use of electric motors in South Africa has been
dealt with in detail in a study in 1988(5). Only salient details of the study will be
outlined. It was estimated that electric motors account for 59% of electricity
consumed in South Africa. Electricity used for electric motors in industry is
summarised in Table H.5.
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Table H.5 Electric motor energy use in industry

Electricity use by % of total
electric motors electricity
(GWh) use
Industry
Metal related 8 800 30
Chemical related 8 800 74
Non-metallic minerals 1700 90
Paper and pulp 2100 90
Other 5500 90
Total/average 26 900 52
Mining
Gold and platinum mining 20 700 79
Coal mining 1700 83
Copper mining 1300 95
Other 260 85
Total/average 23 960 80
Total/average 50 860 62
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Table H.6 shows the importance of efficiency relative to other selection criteria.

Table H.6 Importance of selection criteria for electric motors in industry
Selection criteria Importance (%)
Reliability 87
Speed/voltage/current 85
Load 84
Environmental fit 82
After-sales service 82
Availability 82
Price 81
Interchangeability 75
Life time costs 75
Efficiency 60

Efficiency is of low priority in South Africa, and thus it is likely that the potential is at
least equal to developed countries. Based on international experience, a 10-20%
reduction in energy use appears to be a reasonable estimate for the potential.
Prevention of oversizing, cited as being the most frequently applied energy efficiency
technique in industry(®), is included in the estimate.

Mechanical equipment:

Motors operate on mechanical equipment such as pumps, air compressors, and
fans, which can also be improved to reduce energy requirements. The whole
system, of which motors and mechanical equipment form part, can also be improved
so that energy requirements are reduced. Electric motors can also be broken down
according to application, as shown in Table H.7. '
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Table H.7 Breakdown of electric motor usage according to application
(Gwh)

Application Manufacturing Mining Total

Pumping 3230 6 000 9230
Refrigeration 1070 1 500 2570
Air compressors 11 840 5700 17 540
Air conditioning 540 50 590

Fans 2180 3 300 5450
Driving mech. equip. 7000 510 13 150
Other 1070 900 1970
Total 26 900 23 960 50 860

Pumping: Typically, the work done on the fluid accounts for about 40% of the
energy input, the rest being losses in the motor, pump, valves, and piping(g). it is
estimated(® that improvements in pumping can reduce energy usage by 5%.

Air compression: Air leaks can contribute significantly to wasted energy. It has
been conservatively estimated(*) that improvements in mechanical equipment and
usage of compressed air can result in a 5-10% reduction in energy usage over a
period of five years.

Fans and ventilation: It was estimated(® that excluding motor efficiency, equipment
improvements for fans and ventilation could decrease electricity consumption by 5%
in industry over five years.

It is assumed for all other mechanical equipment that 5% of electric motor energy
usage could potentially be conserved.

Electric furnaces:

It has been estimated that electric furnace electricity can be reduced by 10% through
improved energy effectiveness in Brazil(12}, Technologies to improve the efficiency
of electric furnaces include preheating the scrap using waste gases, the use of
oxygen lancing to assist melting, the use of improved electrodes, computerized
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control, and ultra-high power furnaces(!). In 1985() it was suggested that potential
savings in electric furnaces should be investigated, and it was assumed that a 5%
improvement in consumption could be obtained through R&D on higher efficiency
and/or better use patterns. No further research on electric furnaces has been
conducted in South Africa. It is assumed that potential reduction in energy use is 5-
10%.

Electrolysis:

Electrolysis is used mostly in the production of aluminium and industrial chemicals.
No information could be found on the potential for improved electricity effectiveness
in electrolysis, but the processes used are sophisticated, and it is expected that
energy effectiveness improvement will depend on replacement of existing
technologies with improved technologies. It has been estimated that 7-10% of
electrolytic energy use could be saved in Brazil('2), and the same assumption is
made for South Africa.

Lighting: .

it has been estimated that cost-effective potential energy savings in lighting energy
for the USA industry is 36%, and lighting energy comprises 10% of USA industrial
electricity usage(!). Measures include substitution of lighting systems with more
efficient systems, and improved lighting design and controls. In Brazil the potential
is estimated at 50%(12). It is estimated that lighting electricity in South Africa could
be reduced by 20-35% through economically feasible measures.

3. FUELS

Most coal, coal gas, and liquid fuels are used for heating either directly in furnaces or
indirectly through steam in boilers, although the split is unknown. Fuels used for
mechanical purposes will first be combusted in boilers to produce steam. Some
coal is also used in coke ovens to prodUce coke and coke oven gas (included under
chemical energy in Tables 6.2 and 6.3), and some liquid fuels are used for transport.

4

FUEL SWITCHING

Assessment of fuel switching possibilities should consider cost, reliability, fuel
security, etc. Fuel switching may not reduce energy usage although reducing
energy costs. It is necessary that a study be conducted into the relative efficiencies
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of different types of boilers and furnaces. The study should be holistic and consider
other factors such as cost, reliability, energy, emissions, etc. No attempt is made in
this study to quantify the potential benefits of fuel switching.

FUEL CONSERVATION

Furnaces:

It is now often possible to save energy in furnaces using retrofit measures with
payback periods of under three years. Such measures include improved control,
insulation, efficient burners, modified geometry, e.g. baffles, waste heat recovery,
and improved loading factors. It is possible to operate boilers at 80% efficiency, but
inevitably average efficiencies are lower since furnace loading conditions are often
non-optimal because of delays and part-loading. Little is known about furnace
efficiencies in South Africa and thus it is difficult to assess the potential for improved
energy efficiency. It is estimated that on average fuel requirements for industrial
furnaces in South Africa can be reduced cost-effectively by 5-10%. It is assumed
that half the heating fuel is used in furnaces and the other half in boilers.

Boilers:

Boiler efficiencies can be improved through better control, flue gas heat recovery,
and blowdown control and/or heat recovery. As with furnaces, maximum boiler
efficiencies cannot always be attained due to part-loading of boilers. Little is known
about boiler efficiencies in South Africa, but it has been estimated that boiler
efficiency in South Africa can generally be improved by 3% by reducing excess air
levels closer to the design point. Including other efficiency measures, it is estimated
that on average fuel requirements for industrial boilers in South Africa can be
reduced cost-effectively by 5-10%.

Steam systems:

Steam produced in boilers can be utilised more efficiently through repairing of steam
leaks, maintenance of steam traps, insulation of piping and equipment, use of steam
accumulators, condensate recovery, flash steam recovery, and better load
management. It is estimated that on average fuel requirements for industrial boilers
in South Africa can be reduced by a further 5-10% through economically feasible
measures to reduce steam requirements. This excludes process changes which
could also reduce steam requirements. ‘



Other:

It is assumed that all other uses of fuel have a conservation potential of 5-15%.
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SUMMARY
Table H.8 Potential energy reductions for common industrial energy end-
uses
Measure Reduction
(PJ)

vElectricity
Motors 20,1-40,2
Mechanical equipmen 10,1-13,5
Furnaces ' 3,8-7,6
Electrolysis 1,6-2,4
Lighting 3,5-6,2
Fuels
Furnaces 10,4-20,7
Boilers 10,4-20,7
Steam systems 10,4-20,7
Other 6,0-18,1
Total 76,3-150,1
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Table H.9 Potential electricity demand load reductions
Measure Saving (MW)
Load control . 486

Load shifting 716
Power factor correction -
Electricity reduction

motors 637-1275
mechanical equipment 320-428
furnaces 120-141
electrolysis 51-76
lighting 111-197
Total : 2441-3319
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Table J1.

Table J.2

Production relative to 1990 - low growth

37

38
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PRODUCTION AND NEW CAPACITY

SECTOR

Coal mining
Metal-ore miring
Geid mining
Diamond mining
Other mining
Feod

Texties

‘Nood

Fazer
Chemicais
Non-metaliic min.
Bricks

Cemert

Ctrer

2asic metals
ron & steei
stainless steel
ferroafloys

Al primary

Al secondary
ttania siag
cther metais
Ecuipment
Other
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,._...
o o
Q

o
e
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118
0.8¢
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113
1.13
1.13

113
113
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1.36
274
1.34
218
1.32
0.88
113

2005

1.35
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ce3
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0.e3
1.31

2010

1.47
1.37

o
[+)]

-+ ©
(D
N =

o, o ¢

o ;

—“ o s -
sy

)]
a

1.31
1.51

1.37

20.30
1.72
324
1.79
276
1.64
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Production relative to 1990 - high growth

SicC

21

a3
24
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28
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32
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35
36

37

38
39

SECTOR

Cosal mining
tdetal-ore mning
Geid mining
Ciamond mining
Cther mining
rocd

Tertiles

Fooa

Pacer
Cremicals
Nen-metallic min.
3ricks

Cemert

Qther

Basic metals
fer & steel
stanless steel
ferrogllcys

Al primary

Al, secondary
ttania slag
cther metals
Ecuipment
Other

1.30
1.09
098
0.95
1.07
142
0.85
1.07
1.07
1.07

1.07
1.07
1.07

1.09
296
1.26
2.00
1.38
1.48
115
0.85
1.07

2000

1.68
1.20
096
11
3¢

-
4

A a2
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.38
.38
.38

1.38

1.20
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4.01
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218
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1.1

1.39
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.41
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1.89
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1.79
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274
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1.88
20.30
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274
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-
Gy v s

"
Y
~

30.85
1.94
363
2.08
311
1.83
1.02
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367
238
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227
384

227
384
384
384

3.84
384
384

238
3085
2.28
8.83
5.40
311
1.83
227
384
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Table J.3 Percentage new capacity after 1990 - low scenario
SIC SECTOR 1995 2006 2005 2010 2015
21 Cocal mining 0.00 014 0.26 0.37 048
23 Metal-ore mining 000 010 Q.22 033 0.42
24 Gold mining 0.00 0.00 0.00 0.00 0.09
27 Dismond mining 0.00 0.00 . 0.00 0.05 016
28 Other mining .00 0.08 0.24 0.38 G.8t
31 Food . Q.00 017 03 0.42 2.81
32 Texties 0.00 0.00 0.02 013 323
33 Wood 0.0¢ 0.10 0.28 0.43 0.54
34 Paper Q.08 013 0.31 0.44 .56
35 Chemicals C.00 0.02 0.22 0.37 3.50
36 Non-metalic min.

Bricks 3.00 0.00 0.00 0.20 G.36
Cemert 0.00 0.0C 0.00 017 0.34
Cther .00 0.08 Q.24 0.32 03
37 Besic metals
iron & steel G.01 BT} 0.28 0.37 0.48
stainless steel 0.67 0.90 0.94 0.6 0.08
ferrocalloys 0.00 2.09 0.25 0.39 0.49
Al, primary 0.40 0.66 o 075 a.7¢
Al secondary 04 0.3 0.45 088 0.34
titania siag o221 0.51 [oX1-) €.67 0.72
other metals .00 018 6.32 0.44 0.53
38 Equipmert 2.0 2.00 0.00 0.00 €10
39 Other 0.0C 010 028 0.43 0.54

Table J.4 Percentage new capacity after 1990 - high scenario
SiC SECTOR 1998 2000 2005 2010 2018
21 Coal mining 311 036 0.55 0.87 .77
23 Metal-ore mning C.00 010 0.34 0.51 .64
24 Gold mining 0.00 0.00 0.00 0.00 Q.00
27 Diamond mining 0.00 0.03 0.29 0.48 082
28 QOther mining ¢.00 0.23 0.49 0.66 Q.78
31 Food Q.o 017 o3 0.42 0.5
32 Texties ¢.00 0.11 0.35 0.52 0.68
33 Wood 2.00 0.27 .82 .68 3.7¢
34 Paper 002 - 030 0.54 0.68 0.80
35 Chemicals 0.GO o021 0.48 0.65 077
36 Norm-metalic min.

Bricks 0.00 0.60 0.33 0.56 o7
Cemert . 0.00 0.00 0.3t 0.54 Q.72
Other 0.00 023 Q.49 0.686 0.78
37 Basic metals
iron & steel 0.01 018 0.38 0535 Qg7
stanless steel 067 0.80 0.94 0.96 028
ferroalloys 0.00 0.23 037 0.48 0.57
Al, primary 0.80 a.77 0.84 .88 c.9z
Al, secondary 028 .82 0.68 0.79 0.86
ttania slag 021 0.51 .59 067 072
cther metals 0.0 018 032 0.44 0,53
38 Eaquipmert 0.00 0.00 0.24 C.45 0.60

39 Other 0.00 2.27 0.82 0.68 0.79
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APPENDIX K
MARKET PENETRATION

Modified Mansfield models have been used in a number of studies(1:2:3), The
Mansfield /Blackman model is shown below.

In [M/(L-M)] = -In [L/N - 1] + Q*(t - t,)

where M = market share at time t
L = upper market share limit
N = initial market share (year t,)
Q = constant representing rate of penetration
t = time in years

Q is a function of the payback period and the size of an investment. Blackman
derived the foliowing relationship for Q:

Q=2+ 0,53*P-0,027*S

where Z = an constant representing an industry’s propensity to innovate
P = required payback/actual payback
S = original cost of investment x 100/average firm asset value.

Investment cost is generally far outweighed by payback time. For the purposes of
this study it is assumed that there is an initial 5% market penetration of any energy
effective option. Q can be calculated from if the time required for a 50% penetration
is known. In the UK it has been found imperically that the time required for 50%
penetration was 18 years for a typical innovation, 6 years for a highly profitable
innovation, and 30 years for a marginal innovation(@). In a study of efficient electric
motors, it was assumed that it would take between 10 and 15 years for a 50%
market penetration, depending on motor size(4).

In this study it is assumed that under the business-as-usual scenario 50%
penetration will take 20 years for low growth and 15 'years for high growth. Under
the energy-effective scenario, beginning in 1995, Q is assumed to increase at
3% /annum.
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Table L.2 Energy consumption for frozen efficiencies - low growth (PJ)
SiC SECTCR 1990 1995 2000 2005 2010 221&
21 Coal mning a8 10.9 122 133 14.4 18.7
23 Metal-cre minng 182 21.0 229 245 26.4 283
24 QGold mining 89.0 87.2 855 67.9 54.0 429
27 Diamond mining 33 30 29 31 32 3.4
28 Cther miming 5.0 5.0 5.6 65 7.6 88
31 Food 85.4 95.9 167.7 1195 1326 1473
32 Textiles 51.2 459 456 477 488 s2
33 Wood ‘ 87 88 o8 11.4 132 163
34 Paper 66.0 66.7 743 86.1 g0.¢ 1138
35 Chemicais 53.0 535 59.7 692 802 €39
36 Ncn-metailic min.

3ricks 43.0 434 48.4 £6.1 651 734
Cemert 34.0 343 383 44.4 51.4 s8¢
QOther 25.0 252 281 3286 378 439
37 Basic metals
iror & stee! 184.0 2121 231.¢9 2486 266.5 2887
stariess steel 0.8 1.8 82 80 122 188
ferrcailoys 768 89.6 104.4 1175 1323 148.¢
Al orimery 1.4 189 31.2 340 379 <02
Al seccnaary 1.1 i3 1.5 1.7 20 23
ttara sisg 13.2 19.5 288 324 365 413
other metais 208 23¢9 27.4° 306 341 385
38 Eauiomert 427 383 38.0 308 N6 a3
39 Other 4.0 4.0 45 5.2 6.1 73
Total 857.3 9103 1014.0 1100.1 12036 132€.3
Table L.3 Energy consumption for frozen efficiencies - high growth (PJ)
SiC SECTCR 1980 1885 2000 2005 2010 2018
21 Coal mining o8 127 16.6 215 218 36.0
23 Metal-ore mring 19.2 21.0 229 28¢ 36.3 487
24 Goid mining 89.G 87.2 855 67.9 54.¢ J2.8
27 Diamond mining 33 31 37 46 59 78
28 Cther mining 5.0 54 7.0 98 137 182
31 Food 854 85.9 107.7 119.8 1326 1471
32 Texties 81.2 48.8 56.7 72.0 91.8 1182
33 Wood 87 9.3 121 17.0 23.9 335
34 Paper 660 707 920 128.0 180.9 2528
35 Chemicais 53.0 56.8 7398 1036 1453 203.8
36 Nor-metalic min.
Bricks 430 4861 €99 840 117.¢ 1652
Cemert 330 364 47.4 86.5 93.2 1307
Other 25.0 26.8 348 489 68.5 6.1
37 Basic metals
iron & steet 1940 2121 231.8 2018 3671 461.8
stairless stee! a6 1.8 62 8.0 122 186
ferroalloys 769 97.2 122.9 138.4 1558 175.4
Al, prmary 11.3 228 45.7 885 77.4 100.6
Al secondary 1.1 1.5 21 20 42 3.8
stamia slag 132 195 288 324 385 411
<ther metais 208 239 27.4 306 341 38.C
38 Ecuiomert 427 07 472 60.1 763 26.9
39 Cther 40 43 5.6 7.8 112 15.4

Totat 857.3 944.1 113741 14046 176568 22515
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Table L.5
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Energy consumption for Business as usual - low growth (PJ)

sic

21

23
24
27
28
3

32
33
34
35
38

37

39

Energy consumption for Business as usual

SECTCR

Coal mining
Metal-ore mining
Gold mining
Diamond mining
Other mining
Food

Texties
Wood

Faper
Chemicals
Non-metallic min
3ricks

Cermert

Otnrer

Basic metais
ircn & steel
stainless steel
ferroailoys

Al primary

Al, secondary
ttaria slag
other metas
Eauipmert
Other

Total

SIC SECTOR

37

38
38

Coal mining
Metal-ore mining
Gold mining
Diamond mining
Otier mining
Food

Textiles

Wood

Paper
Chemicals

Nen-metailic min.,

Bricks
Cemert

Other

Basic metals
iron & steel
stainless steel
ferroalioys

Al primary

Al secondary
ttania stag
other metais
Eaquipmert
Other

Total

9.8
18.2
8s.0

33

5.0
854
31.2

87
660
830

43.0
348
28.0

194.0
06
76.9
11.4
11
13.2
208
427
4.0

857.3

1980

0.8
19.2
88.0

33

5.0
85.4
81.2

8.7
66.0
520

43.0
340
25.0

184.0
(oX )
76.9
“1.4
1.1
13.2
208
427
4.0

857.3

1985

10.6
204
853
29
49
93.1
44.4
8.6
64.9
§21

420
334
24.5

206.8
29
87.6
172.7
1.2
184
233
37.3
39

886.2

1885

12.0
20.1
84.1
30
5.1
915
46.3
88
67.7
545

437
34.2
256

2041
28
o3¢
20.¢e
1.4
181
230
38.0
4.1

9048

2000

1.2
21.3
81.4
28
53
978
422
8.1
68.4
§6.1

448
361
26.1

2137
8.2
991
27.4
1.3
24.9
253
358
4.2

8435

2000

142
2086
79.0
33
6.1
94.3
494
106
796
651

52¢
431
302

207.7
80
113.0
387
18
243
2458
431
49

10168

2008 2010 2018
115 1.8 K3
21.5 2t7 226
628 483 372
z8 28 a7
57 6.2 6.7
1016 1055 110.2
417 40.4 383
9.8 106 Ehl
738 8.1 87.2
60.5 633 7.2
482 5.7 55.0
103 437 47.4
260 302 323
216.7 2197 2230
137 20,4 301
107.4 1162 1255
286 287 31.9
1.4 1.6 1.7
266 285 308
266 28.0 295
36.1 382 27
45 4.8 53
9709 10034 10481
- high growth
2005 201¢ 2015
168 204 247
235 273 320
59.8 454 3486
38 44 53
7.8 10.1 132
96.0 98.6 1025
56.4 65.8 783
135 17.3 22¢
1013 1314 171.8
826 106.8 139.9
645 81.4 108.6
54.8 705 922
383 496 651
238.4 2763 3234
133 186 286
1208 1203 1387
475 58.5 721
23 21 4.0
287 274 288
255 265 277
497 57.8 68.4
62 8.0 105
11486 13349 15805

(PJ)
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Table L.6 Energy consumption - energy effective - low growth (PJ)
SIC SECTOR 1989¢ 1895 2000 2005 2010 201
21 Ceai mining 9.8 10.6 10.8 10.6 1035 167
23 Metal-ore mning 18.2 20.4 20.5 19.8 185 1e8
24 Gold mining 89.0 85.3 79.6 59.8 45.1 3486
27 Diamend mining 33 29 27 26 25 23
28 Other mining 5.0 48 g1 8.3 £s X<
31 Food 85.4 831 938 924 227 96.1
32 Textiles ' 51.2 444 407 28.0 351 34.2
33 Wocd 8.7 86 88 .0 98 152
34 Faper 66.0 64.9 657 67.5 758 7€7
35 Chemicals £3.0 521 545 56.C 85 82¢
36 Non-metaiic min.

Bricks 43.0 ‘ 420 433 44.9 427 452
Cermert ' 34.c 334 352 37.¢ 3e8 az.s
Jther 25.0 24.5 25.2 25.6 2 28.7

37 Basic metals
irors & steel 1840 206.8 2081 200.7 197.8 1988.C
stainless steel 06 29 82 121 17.8 261
ferroaioys 76.9 87.6 96.1 100.8 1062 1138
Al primary 1.4 17.7 26.0 26.6 274 AR
Al secendary 1.1 1.2 1.3 1.3 1.4 1.8
ttaria slsg 132 18.4 231 24.1 2ce 26.7
other metals 0.8 233 24.3 24.7 253 283
38 Eauipmert 427 373 348 34.0 331 324
39 Other 4.0 39 4.0 42 44 47
Total 857.3 886.2 208.6 8982 897.9 €263

Table L.7 Energy consumption - energy effective - high growth (PJ)
SiC SECTOR 1220 1985 2000 2008 2010 2018
21 Coal mining c8 120 132 186G 17.6 210
23 Metal-cre mning 182 201 19.6 21.2 23¢ 278
24 Gold mining 88.0 84.1 76.3 6.1 42.0 2.0
2?7 Diamond mining 33 30 32 34 3¢ 45
28 Cther mning g 51 5.8 6.9 87 11.2

1 Food 85.4 91.8 88.7 85.6 8E.4 889
32 Texties 51.2 46.3 46.5 49.5 865 g8.7
33 Wood 8.7 89 9.9 120 HEA 19.4
34 Paper 6.0 67.7 738 88.6 1112 1427

S Chemicals €30 54.5 61.3 738 gz.8 11e2
36 Non-metailic min,

Bricks 430 437 50.3 54.3 34.3 83.5
Cemert 340 349 41.4 496 821 76.8
Cther 250 256 283 338 42.6 85.2
37 Basic metals
iron & steel 194.0 204.1 186.7 2143 2404 274.7
stainfess steel 06 28 79 11.6 16.8 24.2
ferrogiioys 76.9 o038 107.1 110.6 1160 1227
Al, orimary 114 20.9 361 435 ses8 842
Al secondary 11 1.4 1.6 2.1 2€ 2
ttara slag 13.2 181 223 22.8 236 24.7
other metals 208 230 233 232 238 244
38 Ecqupmert 42.7 39.0 41.3 45.0 51.0 592
39 Other 4.0 4.1 45 55 6.9 8.9

Total , i a857.3 904.8 959.1 1028.0 11600 13352



Table L..8

Table L.9

SCENH1

21
23
24
27
28
31

32

33
34
35
36

37

39

38
39
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Maximum electricity demand - low growth (MVA)

SECTOR

Coal mirrng
Metal-ore miming
Gold mining
Biamona mining
Cther minng
Food

Texties

Wood

Paper
Chemicals

Non-metalic mir.

Sricxs
Cemert

Other

3asic metas
iren & steel
stainiess steei
ferroalleys

Al crimary

Al secondary
ttarig siag
otmer metais
Equipmert
Other

Tetal

SCEN1
448
749

2692
122
23

1482
795
282
45

1270

187
188
108

1348
180
2010
121
31
730
510
848
100

18483

2008
SCEN2
361
608
2308
103
187
1169
645
226
752
1031

182
158
87

1091
303
1706
875
25
557

411
797
80

13628

SCENS3
317
238

2098
92
168
1014
362
198
655
910

133
146
76

963
255
1825
778
22
480
364
714
70

12088

SCEN1

535
881
1880
*133
311
1824
870
378
1270
1707

282
249
148

1€49
442
2548
1327
42
925
634
1034
134

18865

1015
SCENZ
380
623
1370
101

221
1272
613
258
Lle]
1217

Hra
184
102

1126
6865
1998
351
29
638
4c8
7¢i
85

14163

Maximum electricity demand - high growth (MVA)

SECTOR

Coat mming
Metal-cre minirg
God mrng
Oiar-ond mning
Other mming
Focc

Texties

Wood

Paper
Chemicas
Non-metalic mir.
Breks

Cermert

COther

Basic metais
ron & steel
stainless steel
ferroaioys

Al prmary

Al secondary
ttara siag
otner retas
Equiomert
Other

otal

- Frozen efficiency
SCEN3 - Energy effective

2005
SCEN1 SCEN2 SCEN3
726 531 449
870 665 571
2692 2201 1066
184 140 121
347 256 217
1482 1194 Q3o
1202 872 732
422 310 262
1418 1021 850
1802 1357 1105
283 230 80
277 212 83
1€3 119 100
582 120G 1028
180 294 244
2367 1910 1674
1963 1456 1279
55 45 33
730 536 azz
510 394 343
1428 1096 248
148 110 o3
20845 16085 138
SCEN2 -

SCEN1

1216
1392
1609
287
682
1824
1939
829
27183
3741

852
3545
321

25035
442
3001
3321
109
025
633
2304
203

37325

2015
SCEN2

785
yn7
1293
168
447
1194
1228

534 -

1772
2412

AN
362
204

1649
832
223
2238
79
610
435
1528
189

21258

Business as usual

SCTENS3
313
518

1211
-86
181
1027
490
218
714
987

e a
0 g W
n bk =

g28
523
1675
795
24
513
378
678
77



Table L.10

Table L.11
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Energy costs - low growth (R Million)

2005
'3ic SECTOR SCEN2 SCEN3 SAVING SCEN2
21 Coal mining 283 268 28 3c8
23 Metal-ore mining 487 442 45 499
24  Gold mining 1720 1604 116 1620
27 Diamond mining 78 7 6 76
28 Cther mining 146 132 14 172
31 Food 1308 1174 135 1422
32 Texties 6803 341 82 572
33 Wood 206 186 20 244
34 Paper : 788 716 80 941
35 Chemicals 1018 924 91 1186
38 Non-metallic min. 5] 0 0
3ricks 301 273 28 337
Cemert 282 234 17 296
Oter 265 241 .23 310
37 Basic metals s o] Q
iron & steel 1418 1297 121 1460
steiniess steet 24e 209 33 £30
ferrcalioys 1458 1341 117 1703
Al crimary 702 842 60 783
Al seconcary 28 25 3 33
ttania siag ] 448 397 51 514
other metais 81 329 32 ag2
38 Eguipment 783 734 &9 786
39 Other 76 69 7 a0
Total 12008 11846 11862 13676

Energy costs - high growth (R Million)

2005
SIC SECTOR SCENZ2 SCEN3 SAVING SCEN2
21 Coai mining 432 375 57 634
23 Metal-cre mining 524 471 63 73C
24 QGoid mining 1640 - 15C3 138 938
27 Diamond mining 106 94 12 147
28 Other mining 200 174 26 341
31 Fecod 1237 1087 130 1326
32 Texties 817 708 12 1139
33 Wocd 283 246 38 483
34 Faper 1091 940 152 1860
38 Chemicais 1388 1214 172 2358
36 Non-metaiic min.
2ricks 398 320 85 648
Cemert 342 307 35 £78
Cther 361 317 435 618
37 Rasic metals
iron & steel 1860 1384 176 2123
stainless steei 233 200 ki 506
ferroalloys 1640 1471 168 1893
A, primary 116¢ 1048 121 1784
Al secondary 45 38 6 79
stania slag 432 376 56 488
other metals 348 310 36 379
38 Eauipmert 1091 973 118 1509
39 Other 104 o1 13 177
Total 15445 13651 1794 20752

2015
SCENS3
265
430
26
67
147
1211
488
209
796
1029

274
262
268

1271
440
1495
671
2%
a33
347
6939
77

11830

2018
SCEN3
g28
618
872
124
282
1133
250
400
1812
1982

489
484
318

1777
415
1639
1543
65
408
326
1283
147

1747¢

SAYING

1435
187

63
34
42

18¢
]
2°0
o1

(4]

80
54
83

1847

SAVING
108
e

346
o1
264
24
14
80
53
228
30

3273











