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Abbreviation Definition

AD anaerobic digestion

AFOLU agriculture, forestry and other land use

BAT best available technology

BF blast furnace

Capex capital investment cost

BOF basic oxygen furnace

CAIA Chemical and Allied Chemical Industries’ Association

CCS carbon capture and storage

CDM Clean Development Mechanism

CHP combined heat and power/co-generation of heat and power

CO carbon monoxide

CO2 carbon dioxide

CO2e carbon dioxide equivalent

DEA Department of Environmental Affairs

DoE Department of Energy 

EAC equivalent annual cost

EAF electric arc furnace

ERC Energy Research Centre (University of Cape Town)

FL fluorescent lamp

GDP gross domestic product

GHG greenhouse gas

GHGI Greenhouse Gas Inventory for South Africa

GVA gross value added

GW Gigawatt

GWh Gigawatt hour

GWP global warming potential

HFCs hydrofluorocarbons

HVAC heating, ventilation and air conditioning

HYL gas-based direct reduced iron (DRI) steelmaking process

IEA International Energy Agency

IEP Integrated Energy Plan

IPCC Intergovernmental Panel on Climate Change

IRP Integrated Resource Plan

kW kilowatt

kWh kilowatt hour

List of Abbreviations
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Abbreviation Definition

ktCO2e kilotonnes of carbon dioxide equivalent

LNG liquefied natural gas

LPG liquefied petroleum gas

MAC marginal abatement cost

MACC marginal abatement cost curve

MCA multi-criteria (decision) analysis

MW megawatt

MWh megawatt hour

Mt million tonnes

MtCO2e million tonnes of carbon dioxide equivalent

N2O nitrous oxide

NAC net annual cost

NCCRP National Climate Change Response Policy

NPV net present value

NT National Treasury

Opex operation and maintenance cost

PAMSA Paper Manufacturers Association of South Africa

PFRK parallel flow regenerative kiln

RFG refinery fuel gas

RHE rural high income electrified

RLE rural low income electrified

RLN rural low income non-electrified

SAPIA South African Petroleum Industry Association

SATIM South African TIMES model

Stats SA Statistics South Africa 

TWG-M Technical Working Group on Mitigation

UHE urban high income electrified

ULCORED gas-based direct reduced iron (DRI) steelmaking process (not yet in operation)

ULE urban low income electrified

ULN urban low income non-electrified

UNFCCC United Nations Framework Convention on Climate Change

VSD variable speed drive

WAM ‘with additional measures’ scenario

WEM ‘with existing measures’ scenario

WOM ‘without measures’ scenario

ZAR/R South African rand



vTECHNICAL APPENDIX D – INDUSTRY SECTOR

Table of Contents

List of Abbreviations............................................................................................................................................................................................................................................iii
Acknowledgements...............................................................................................................................................................................................................................................x

Chapter I: Introduction....................................................................................................................................................................................1

1.	 Introduction............................................................................................................................................................................................................................................... 1

Chapter II: Reference Case Projections.................................................................................................................................................3

2.	 Approach and Assumptions............................................................................................................................................................................................................ 3
2.1.	 Industry........................................................................................................................................................................................................................................ 7
2.2.	 Buildings.....................................................................................................................................................................................................................................11

3.	 Reference Case Projections...........................................................................................................................................................................................................13

Chapter III: Identification and Analysis of Mitigation Potential...............................................................................................16

4.	 Identification of Mitigation Options..........................................................................................................................................................................................16
4.1.	 Data Parameters...................................................................................................................................................................................................................16
4.2.	 Data Sources and References.......................................................................................................................................................................................18
4.3.	 Mitigation Options per Sector......................................................................................................................................................................................18

5.	 Approach to Development of Marginal Abatement Cost Curves.........................................................................................................................34
5.1.	 Estimating Mitigation Potential......................................................................................................................................................................................34
5.2.	 Estimating the Marginal Abatement Cost..............................................................................................................................................................36 

6.	 Mitigation Potential for the Metals Sector.............................................................................................................................................................................39
6.1.	 Summary MACCs................................................................................................................................................................................................................39
6.2.	 Primary Aluminium Production...................................................................................................................................................................................41
6.3.	 Iron and Steel Production...............................................................................................................................................................................................44
6.4.	 Ferroalloys Production......................................................................................................................................................................................................52

7.	 Mitigation Potential for the Minerals Sector.........................................................................................................................................................................58
7.1.	 Cement Production............................................................................................................................................................................................................60
7.2.	 Lime Production...................................................................................................................................................................................................................67

8.	 Mitigation Potential for the Chemicals Sector.....................................................................................................................................................................73
8.1.	 Key Assumptions..................................................................................................................................................................................................................73
8.2.	 Marginal Abatement Cost Curve................................................................................................................................................................................79

9.	 Mitigation Potential for the Mining Sector.............................................................................................................................................................................81
9.1.	 Key Assumptions..................................................................................................................................................................................................................81
9.2.	 Marginal Abatement Cost Curve................................................................................................................................................................................84

10.	 Mitigation Potential for the Buildings Sector........................................................................................................................................................................87



vi

10.1.	 Commercial/Institutional Buildings.............................................................................................................................................................................89
10.2.	 Residential Buildings............................................................................................................................................................................................................94

11.	 Mitigation Potential from Other Sectors.............................................................................................................................................................................101
11.1.	 Pulp and Paper....................................................................................................................................................................................................................101

Chapter IV: Summary.................................................................................................................................................................................107

11.2.	 Marginal Abatement Cost Curves..........................................................................................................................................................................................107

11.3.	 Technical Mitigation Potential.....................................................................................................................................................................................................109

11.4.	 “With Additional Measures” Projection...............................................................................................................................................................................110

12.	 Impact Assessment of Individual Mitigation Measures.................................................................................................................................................110
12.1.	 Scoring of Each Measure in Relation to Agreed Criteria...........................................................................................................................110
12.2.	 Net Benefit Curve............................................................................................................................................................................................................111

References........................................................................................................................................................................................................128



viiTECHNICAL APPENDIX D – INDUSTRY SECTOR

List of Tables

Table 1: Industrial subsectors with IPCC emissions source classifications included in the mitigation analysis 1

Table 2: Assumptions in Industry Projections 5

Table 3: Mitigation options assumed implemented between 2000 and 2010 9

Table 4: Estimate of emissions reductions achieved in 2010 through measures implemented between 2000 and 
2010 (ktCO2e per year)

11 

Table 5: Building sector assumptions 12

Table 6: Industry sector reference case (WOM): total of all GHGs (in ktCO2e) 15

Table 7: Industry sector with existing measures (WEM) case WEM): total of all GHGs (in ktCO2e) 15

Table 8: List of mitigation measure data parameters 17

Table 9: Generic list of energy efficiency measures 19

Table 10: Generic energy efficiency measures selected for each industrial subsector 20

Table 11: List of mitigation options for the iron and steel production sector 21

Table 12: List of mitigation options for the ferroalloys production sector 23

Table 13: List of mitigation options for the primary aluminium production sector 24

Table 14: List of mitigation options for the cement production sector 25

Table 15: List of mitigation options for the Lime Production sector 29

Table 16: List of mitigation options for the chemicals production sector 28

Table 17: List of mitigation options for the mining sector 29

Table 18: List of mitigation options for the commercial/institutional buildings sector 31

Table 19: List of mitigation options for the residential buildings sector 32

Table 20: List of mitigation options for the pulp and paper production sector 33

Table 21: Assumed energy prices for 2010 base year and projected prices up to 2050 38

Table 22: Emissions reduction potential and energy saving potential of mitigation measures and references in pri-
mary aluminium production

41

Table 23: Costs, availability and lifetime of primary aluminium production mitigation measures 41

Table 24: Mitigation technology sector uptake and other assumptions in primary aluminium production 42

Table 25: Emissions reduction potential and energy saving potential of iron and steel production mitigation mea-
sures and references

45

Table 26: Costs, availability and lifetime of iron and steel production mitigation measures 46

Table 27: Iron and steel production mitigation technology sector uptake and other assumptions 47

Table 28: Emissions reduction potential and energy saving potential of mitigation measures and references in fer-
roalloys production

53



viii

Table 29: Costs, availability and lifetime of ferroalloys production mitigation measures 55

Table 30: Mitigation technology sector uptake and other assumptions in ferroalloys production 55

Table 31: Emissions reduction potential and energy saving potential of mitigation measures and references in ce-
ment production

61

Table 32: Costs, availability and lifetime of cement production mitigation measures 62

Table 33: Mitigation technology sector uptake and other assumptions in cement production 63

Table 34: Emissions reduction potential and energy saving potential of mitigation measures and references in lime 
production

68

Table 35: Costs, availability and lifetime of lime production mitigation measures 69

Table 36: Mitigation technology sector uptake and other assumptions in lime production 70

Table 37: Emissions reduction potential and energy saving potential of mitigation measures and references in the 
chemicals sector

74

Table 38: Costs, availability and lifetime of the chemicals sector mitigation measures 76

Table 39: Mitigation technology sector uptake and other assumptions in the Chemicals sector 77

Table 40: Emissions reduction potential and energy saving potential of mitigation measures and references in mining 82

Table 41: Costs, availability and lifetime of mining mitigation measures 83

Table 42: Mining mitigation technology sector uptake and other assumptions 84

Table 43: Emissions reduction potential and energy saving potential of mitigation measures and references for the 
commercial/institutional buildings MACC

90

Table 44: Costs, availability and lifetime of the commercial/institutional buildings mitigation measures 91

Table 45: Mitigation technology sector uptake and other assumptions in the commercial/institutional buildings 
MACC

92

Table 46: Emissions reduction potential and energy saving potential of mitigation measures and references for the 
residential buildings MACC

95

Table 47: Costs, availability and lifetime of the residential buildings mitigation measures 96

Table 48: Mitigation technology sector uptake and other assumptions in the residential buildings MACC 97

Table 49: Emissions reduction potential and energy saving potential of mitigation measures and references in the 
Pulp and Paper Production MACC

102

Table 50: Costs, availability and lifetime of pulp and paper production mitigation measures 103

Table 51: Mitigation technology sector uptake and other assumptions in the Pulp and Paper Production MACC 104

Table 52: Summary of technical mitigation potential for the industry sector, including a breakdown by sector and 
subsector and showing results for 2020, 2030 and 2050 (ktCO2e)

109

Table 53: Abatement (kt CO2e) and Marginal Abatement Cost (MAC, R/tCO2e) for all measures in the Industry 
sector in 2020, 2030 and 2050

112

Table 54: Quantitative data informing the scoring of options for the industry sector as well as scores for the main 
criteria and the overall weighted score for the ‘balanced weighting’ scenario

118



ixTECHNICAL APPENDIX D – INDUSTRY SECTOR

List of Figures

Figure 1: Reference case (WOM) projection for industry 13

Figure 2: Reference case (WEM) projection for industry 14

Figure 3: Metals sector MACC for 2020 39

Figure 4: Metals sector MACC for 2030 40

Figure 5: Metals sector MACC for 2050 40

Figure 6: Primary aluminium production MACC for 2020 43

Figure 7: Primary aluminium production MACC for 2030 43

Figure 8: Primary aluminium production MACC for 2050 44

Figure 9: Iron and steel production MACC for 2020 50

Figure 10: Iron and steel production MACC for 2030 51

Figure 11: Iron and steel production MACC for 2050 52

Figure 12: Ferroalloy production MACC for 2020 56

Figure 13: Ferroalloy production MACC for 2030 57

Figure 14: Ferroalloy production MACC for 2050 58

Figure 15: Minerals sector MACC for 2020 59

Figure 16: Minerals sector MACC for 2030 59

Figure 17: Minerals sector MACC for 2050 60

Figure 18: Cement production MACC for 2020 65

Figure 19: Cement production MACC for 2030 66

Figure 20: Cement production MACC for 2050 67

Figure 21: Lime production MACC for 2020 71

Figure 22: Lime production MACC for 2030 72

Figure 23: Lime production MACC for 2050 73

Figure 24: Chemicals production MACC for 2020 79

Figure 25: Chemicals production MACC for 2030 80

Figure 26: Chemicals production MACC for 2050 81

Figure 27: Mining MACC for 2020 85

Figure 28: Mining MACC for 2030 86

Figure 29: Mining MACC for 2050 86



x

Figure 30: Buildings sector MACC for 2020 87

Figure 31: Buildings sector MACC for 2030 88

Figure 32: Buildings Sector MACC for 2050 88

Figure 33: Commercial/institutional buildings MACC for 2020 93

Figure 34: Commercial/institutional buildings MACC for 2030 93

Figure 35: Commercial/institutional buildings MACC for 2050 94

Figure 36: Residential buildings MACC for 2020 99

Figure 37: Residential buildings MACC for 2030 100

Figure 38: Residential buildings MACC for 2050 100

Figure 39: Pulp and paper production MACC for 2020 105

Figure 40: Pulp and paper production MACC for 2030 105

Figure 41: Pulp and paper production MACC for 2050 106

Figure 42: Marginal abatement cost curve for the industry sector in 2020 107

Figure 43: Marginal abatement cost curve for the industry sector in 2030 108

Figure 44: Marginal abatement cost curve for the industry sector in 2050 108

Figure 45: ‘With additional measures’ scenario for the industry sector, showing a breakdown per sector. Emissions 
from the power sector have been reallocated to end-users and electricity-related emissions savings 
have been adjusted accordingly. Reference case WOM and WEM emission projections, which coincide, 
are also shown

110

Figure 46: Net benefit curve for the Balanced Criteria scenario for the Industry sector 111

List of Boxes
Box 1:  Energy Price Assumptions 37

Acknowledgements

The South African Greenhouse Gas Mitigation Potential Analysis was supported by the Deutsche Gesellschaft für Internationale 
Zusammenarbeit (GIZ), on behalf of the Federal Ministry for the Environment, Nature Conservation, Building and Nuclear Safety 
(BMUB) of the Federal Republic of Germany.

The analysis was conducted by Camco Clean Energy, in partnership with Ricardo-AEA, PDG and Conningarth Economists.

The project team acknowledges the support of Dr Bruno Merven and Dr Andrew Marquard, both of the Energy Research Centre 
of the University of Cape Town, for providing updated energy price projections based on the South African TIMES model (SATIM).



1TECHNICAL APPENDIX D – INDUSTRY SECTOR

Chapter I: Introduction

1.	 Introduction

This appendix identifies the greenhouse gas (GHG) emis-
sions mitigation potential for the South African industry 
sector. The mitigation potential is presented in the form of 
marginal abatement cost curves (MACCs) for the years 2020, 
2030, and 2050; ranking available mitigation options in terms 
of their marginal abatement cost. The mitigation potential 
presented is considered to be technically achievable assuming 
that all identified mitigation technologies have been techni-
cally proven or will be proven prior to becoming available. 
This chapter includes an overview of the reference emissions 
projections for the industry sector and lists the potential fu-
ture abatement opportunities for key subsectors within the 
industry sector.1 This includes IPCC emissions sector 1A2 
(combustion emissions from manufacturing industries and 
construction) and the relevant parts of IPCC Sector 2 (pro-
cess emissions). Emissions associated with fuel combustion in 

residential and non-residential (commercial and institutional) 
buildings (IPCC category 1A4) are also included in this chap-
ter at the request of the Technical Working Group on Mitiga-
tion (TWG-M). The industry sectors examined and sources 
of emissions as classified by the IPCC categories are listed in 
Table 1 below. The draft Greenhouse Gas Inventory for South 
Africa (GHGI) (DEA, 2013) only contains information on fu-
el-related emissions from manufacturing and construction 
(IPCC Sector 1A2) in aggregate. The sectors listed in Table 1, 
which were examined in more detail, are those which were 
identified as having either substantial fuel- or process-related 
emissions and for which sufficient additional information was 
available to model emissions at the sectoral level. Projections 
were compiled at a less-detailed level for other more mi-
nor (from an emissions perspective) industry sectors such as 
food and tobacco, wood and wood products but mitigation 
options were not examined.

Table 1:	 Industrial subsectors with IPCC emissions source classifications included in the mitigation analysis.

Industry sectors 
(and buildings)

Subsector

IPCC emissions category

Fuel combustion (1A)
Process emissions 

(2)

Metals 
production

Iron and steel production 1A2a 2C1 

Ferroalloy production 1A2a 2C2

Primary aluminium production 1A2b 2C3

Minerals 
production

Cement production 1A2f 2A1

Lime production 1A2f 2A2

Chemicals 
production

Chemicals production (including ammonia, nitric acid, 
carbide, titanium dioxide, petrochemical and carbon black 
production)

1A2c 2B (including 2B1, 
2B2, 2B5, 2B6 2B8)

Mining Underground and surface mining (non-coal products) 1A2i

Buildings
Commercial/institutional 1A4a

Residential 1A4b

Other Pulp and paper production 1A2d  

1. � Note that reference case projections cover all subsectors under IPCC emissions sector 1A2 (combustion emissions from manufacturing industries 

and construction) as shown in Table 2. Only a subset of those sectors has been covered in the mitigation potential assessment shown in Sections 4 

and 5, due to data availability. 
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GHG emissions projections are presented for all activities 
identified in the GHGI for 2010 and mitigation opportunities 
are presented for all sectors listed in Table 1. Emissions from 
the use of electricity have been allocated to the end use sec-
tors. GHG mitigation opportunities are presented that cover 
emissions from three separate sources, described below:

•	 Emissions from industrial processes, from the use of 
greenhouse gases in products, and from non-energy uses 
of fossil fuel.

•	 Emissions from the use of fuels in stationary combustion. 
Emissions result from the combustion of fuels in order to 
provide heat or mechanical work. 

•	 Indirect emissions from the consumption of electricity.

Estimates of mitigation potential for the industry sector have 
been calculated independently of changes in other sectors.
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2.	 Approach and Assumptions

2.1	 Industry

Two projections have been produced for the industry sector :

A ‘reference case projection’; this is a projection of  emissions 
from 2000 to 2050 assuming that no climate change mitiga-
tion actions have taken place since 2000. Thus for the period 
from 2000 to 2010, it does not follow the actual observed 
path of emissions but the path that emissions would have 
taken if none of the climate change mitigation actions imple-
mented in this period had taken place. The UNFCCC refer to 
this as a ‘without measures’ scenario (WOM)

A ‘with existing measures’ (WEM) projection: this projection 
incorporates the impacts of climate change mitigation actions 
and climate change policies and measures implemented to 
2010. For the period 2000 to 2010 the projections follow the 
actual path of observed emissions. 

The projections were produced using a bottom-up meth-
odology, with individual industry sectors modelled separately. 
The GHGI category 1A2, manufacturing industries and con-
struction, was broken down into specific industry subsectors 
to allow for more detailed projections of fuel and electricity 
use required for the mitigation analysis. The overall approach 
was to take current fuel consumption and to project future 
fuel consumption based on expected growth rates in each 
sector. An allowance was made for autonomous energy ef-
ficiency improvements (that is improvements to energy 
consumption in the sector which occur simply as a result of 
replacing retired equipment with new, more efficient equip-
ment). Emissions were calculated from fuel consumption by 
multiplying consumption of fuel by the appropriate emissions 
factor, as specified in the GHGI2. Current fuel use was taken 
either from fuel activity data in the GHGI, or where this was 
not detailed enough, from the energy balance for South Afri-
ca (DoE, 2013). On occasions where the energy balance did 
not provide sufficient detail, fuel use was estimated based on 
data on production levels and an estimate of specific energy 
consumption per unit of production. 

Where assumptions were made on specific energy consump-
tion, these are consistent with the assumptions made in the 
assessment of mitigation options and were sent to industry 

for review as part of the consultation process on mitigation 
measures. GDP growth in individual industry subsectors was 
taken from the macroeconomic modelling completed for 
this study.3 The macroeconomic modelling allows the GDP 
growth to be modelled separately for each sector, but is con-
strained so that aggregate growth in the economy meets the 
GDP growth rate targets set for the analysis under the ‘mod-
erate growth’ scenario as defined by the National Treasury 
(DoE, 2013). 

Autonomous energy improvements were estimated on an 
industry-specific basis based on data primarily from the UK. 
This reflects energy efficiency improvements obtained under 
climate change agreements made with specific industry sec-
tors that set specific targets for energy efficiency improve-
ments. It is generally agreed that at least some of the im-
provements achieved under these agreements would have 
happened anyway, albeit on a longer timescale, as the agree-
ments have accelerated implementation of energy efficiency 
measures. In view of this, it was assumed that autonomous 
energy efficiency improvements might account for half of the 
improvement seen, and that without specific measures, such 
as the agreement, this would be achieved over the natural 
renewal cycle, which was assumed to be 25 years. Full details 
of the assumptions made for individual subsectors are given 
in Table 2. Emissions from 2000 to 2010 are based on the 
draft national GHGI. Table 2 lists all sectors for which pro-
jections of emissions were made. The sectoral GDP growth 
rates that are referenced in Table 2 may be found in Section 
3 of Technical Appendix B: Macroeconomic Modelling. Those 
sectors for which mitigation analyses were also conducted 
are listed in Table 1.

Process-related emissions are directly proportional to the 
amount of product produced, and are generally calculated 
from production statistics by applying an emissions factor of, 
for example kgCO2/tonne, as reported in the draft GHGI4. 
These emissions factors were combined with forecasts of 
future production to produce projections of future process 
emissions. Forecasts of future production were based on the 
forecast GDP growth for the relevant industry sector.

In the case of hydrofluorocarbons (HFCs) used for refriger-
ation and air conditioning, the GHGI shows that HFC emis-
sions more than tripled between 2005 and 2010. Emissions 

Chapter II: Reference Case Projections

2. � Fuel combustion emissions factors give the quantity of GHG released per unit of fuel consumed, for example tCO2/GJ coal burnt.

3. � The methodology and assumptions behind this modelling are detailed in Section 3 of Appendix A: Approach and Methodology.

4. � For some production processes, for example nitric acid, estimates of process-related emissions are based on actual measurements of gases emitted. 
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are likely to grow even more rapidly in the future as HFCs are 
used as substitutes for hydrochlorofluorocarbons (HCFCs) 
which are due to be phased out completely in South Africa 
by 2030. A detailed projection of growth was not feasible 
as an accurate inventory of these substances does not yet 
exist. Emissions were therefore forecast by looking at average 
emissions per capita in 2010 in Europe, where HCFCs have 
already been phased out. It was assumed that emissions per 
capita in South Africa would grow linearly to reach this level 
by 2030, and that thereafter they would grow at the same 
average rate as in Europe of 4% p.a. Due to the lack of a 
detailed inventory of HFC use mitigation options for HFCs 
were not considered.

2.1.1	 Comparison of ‘without measures’ and ‘with existing mea-
sures’ projections

The above methodology takes as its starting point actual 
energy consumption in 2009. The result is a ‘with existing 
measures’ projection, as the impact of climate change mea-
sures implemented by 2009 will be reflected in the actual 
observed energy use and emissions. To create a ‘without 
measures’ scenario, the impact of climate change mitigation 
actions implemented between 2000 and 2010 was also as-
sessed. This included quantified information on savings from 

implemented measures provided by industry to the study 
team. These savings are consistent with the assumptions 
made in constructing the MACCs about the level of imple-
mentation of mitigation options in 2010. Implementation of 
measures (and hence emissions savings) was assumed to be 
linear between 2000 and 2010. It is assumed that the fuel 
and electricity savings achieved by mitigation options in 2010 
will be maintained into the future. The emissions reductions 
associated with electricity savings are calculated on an annual 
basis using the appropriate grid emissions factor for each year.

The mitigation options which are assumed to have been 
implemented between 2000 and 2010 are listed in Table 3, 
together with the assumed level of uptake in 2010. The level 
of uptake is defined as the percentage of installations or pro-
cesses to which the measure is applicable, that are assumed 
to have implemented the measure by 2010. For example if 
improved process control has been implemented in half of 
the production processes to which it is applicable, then up-
take is 50%. The emissions reductions that result from this 
assumed level of uptake are summarised in Table 4. These are 
calculated using the same assumptions regarding the reduc-
tion in emissions that individual measures achieve that are 
used in constructing the MACCs (see Section 4).
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Table 4:	 Estimate of emissions reductions achieved in 2010 through measures implemented between 2000 and 2010 (ktCO
2
e per year)

Summary Process related Fuel related Electricity related Total

Primary aluminium production 90 506 597

Chemicals production 1,600 740 236 1,767

Ferroalloys production 217 586 803

Iron & steel production 143 143

Surface and underground mining 253 14,689 14,942

Pulp & paper production -64 341 277

Total 1,907 1,072 16,360 18,529

2.2	 Buildings

The emissions projections for the commercial sector are 
based on building stock growth and historical energy activity 
data in the sector. Although data was available on existing 
stock by purpose of buildings, there was not enough infor-
mation about energy demand in different types of buildings. 
Therefore demand for fuel in the commercial sector is not 
split by building type.

The energy demand data for commercial sector buildings 
is scarce, and stock level data vary from source to source. 
For these reasons historical fuel consumption was used as 
a basis for future projections. In other words, the implied 
stock and demand per m2 of stock is based on historical fuel 
consumption.

For the residential sector, the underlying driver of emissions is 
the number of households. Household numbers are growing 
faster than population, as the average number of occupants 
per household is falling, partly in response to rising income 
levels. Using historical population and household number 
data, it was observed that household numbers are linearly 
dependent on historical population numbers. A linear regres-
sion model was therefore used to build future projections of 
household numbers based on population numbers to 2050. 
Adding GDP as an additional variable did not provide a bet-
ter fit of the historical data set to a multiple regression model 
using both population and GDP. Therefore future household 
numbers are based solely on population growth. This can be 
expressed as follows:

Where hh
i
 are historical observations of household numbers, 

pp
i
 are historical observations of population numbers, and n 

is the number of observations. The sought coefficients a and 
b are then used to calculate the linear projection of future 
household numbers for each future year j:

The household energy demand is available in good detail in 
previous studies. Households are split into income catego-
ries to facilitate the use of this data. The six resulting income 
groups are assumed to have a fixed demand for energy, and 
are each assigned fuel demands for cooking, heating and light-
ing. However, they are dynamic in size, and the proportions 
evolve to represent increased income in society and electri-
fication levels.

In short, consumption of each fuel, and subsequently emis-
sions associated with it, are calculated based on fixed demand 
for fuels in each income group, and the development of in-
come group proportions, as follows:

Where j are future years in the time horizon, f – fuels anal-
ysed, U

f,j
 – total demand for fuel f in year j; hp

g,j
 – proportion 

of income group g in year j in %, and d
f,g
 is demand for fuel f in 

the income group g. Demand for fuels is calculated separately 
for cooking, heating and lighting.

The main parameters used in the projections of the com-
mercial and residential sectors, their values and sources are 
shown in  Table 5.
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Table 5:	 Building sector assumptions

Parameter Assumed value Notes Sources

Stock growth, 
commercial 
sector

1.9% Same for all years in the time horizon SBCI (2009)

Historical 
household 
numbers

General 
Household 
Surveys, Stats 
SA (2002–2011)

Household 
groupings in 
2001

Split used from the same source as 
demand levels for consistency. Groups:

UHE – urban high income electrified

ULE – urban low income electrified

ULN – urban low income non-electrified

RHE – rural high income electrified

RLE – rural low income electrified

RLN – rural low income non-electrified

Winkler (2006)

Household 
grouping 
development 
to 2050

Most household growth assumed in urban 
areas with rural growth at half the rate of 
the overall household growth rate. 99% 
and 90% urban and rural electrification by 
2030 respectively; 30% and 60% still low 
income in urban and rural areas. Post 2030 
– extrapolated and smoothed.

Winkler (2006), 
current study

Household 
energy 
demand

Given demand refers to useful energy Winkler (2006)
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3.	 Reference Case Projections

The ‘without measures’ (WOM) reference case projection 
and the ‘with existing measures’ (WEM) projection for the in-
dustry sector (including buildings and agriculture) are shown 
in Figure 1 and Figure 2 respectively, and in tabular format in 
Table 6 and Table 7. Overall emissions in the sector are fore-
cast to be about five times higher in 2050 than in 2000, rising 
from 235 MtCO2e to 1,189 MtCO2e in the WOM projection 
and to 1,118 MtCO2e in the WEM projection. Due to the 
high carbon intensity of electricity generation in South Afri-
ca currently and into the future under the WOM and WEM 
scenarios, total emissions for the industry sector (including 
buildings and agriculture) are dominated by those associated 
with electricity use; these account for 67% of emissions in 
2000, falling to about 63% by 2050, as the impact of decar-
bonising the power sector mitigates somewhat the impact of 
increasing electricity consumption. 

Overall emissions from the manufacturing and construction 
sectors accounted for 70% (164 MtCO2e) of total emissions 
from the industry sector in 2000 and 62% (195 MtCO2e) 
in 2010. Emissions from manufacturing and construction rise 
strongly though, and account for 81% of total emissions from 
the sector by 2050 (906 MtCO2e) under the WEM scenario. 
Of the emissions from the manufacturing and construction 
sectors in 2010, electricity consumption accounted for 65%, 
fuel for 20% and process related emissions for 15%. About 
50% of these process emissions arise from iron and steel 
production; other significant contributors to process related 
emissions are the cement industry, ferroalloys production and 
aluminium production. While buildings accounted for 28% of 
emissions in 2000, and 34% in 2010, they are only projected 
to account for 21% of emissions by 2050, as energy use in 
buildings is forecast to grow more slowly than in industry.

Figure 1:	 Reference case (WOM) projection for industry
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Figure 2:	 Reference case (WEM) projection for industry
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Table 6:	 Industry sector reference case (WOM): total of all GHGs (in ktCO
2
e)

Emissions 2000 2010 2020 2030 2040 2050

Industry – fuel 31,055 39,971 55,326 76,748 114,086 172,137

Industry - electricity 104,172 142,393 195,213 267,969 405,339 622,140

Industry –process 28,774 29,145 45,879 69,291 108,122 169,925

Residential – fuel 6,504 24,424 24,229 24,553 24,395 24,667

Residential - electricity 30,666 40,829 51,606 60,266 68,247 73,742

Commercial –fuel 9,547 16,267 19,636 23,703 28,612 34,537

Commercial - electricity 18,353 30,166 37,350 45,360 55,616 67,474

Agriculture – fuel 2,387 3,308 4,111 5,002 6,394 8,311

Agriculture - electricity 4,228 5,985 7,633 9,347 12,139 15,862

Total WOM 235,684 332,489 440,984 582,237 822,949 1,188,796

Table 7:	 Industry sector with existing measures (WEM): total of all GHGs (in ktCO
2
e)

Emissions 2000 2010 2020 2030 2040 2050

Industry – fuel 31,055 39,971 55,326 76,748 114,086 172,137

Industry - electricity 104,172 126,057 174,712 242,257 360,732 564,282

Industry –process 28,774 29,145 45,879 69,291 108,122 169,925

Residential – fuel 6,504 24,424 24,229 24,553 24,395 24,667

Residential - electricity 30,666 40,648 48,206 55,877 61,282 66,626

Commercial –fuel 9,547 16,267 19,636 23,703 28,612 34,537

Commercial - electricity 18,353 30,105 36,507 43,703 51,625 62,886

Agriculture – fuel 2,387 3,308 4,111 5,002 6,394 8,311

Agriculture - electricity 4,228 5,985 7,473 9,017 11,280 14,797

Total WEM 235,684 315,911 416,080 550,151 766,528 1,118,169
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4.	 Identification of Mitigation Options

In the context of industrial GHG emissions, mitigation op-
portunities are defined as physical actions that can be im-
plemented to reduce GHG emissions produced by industrial 
processes. These include technical measures such as better 
production techniques and technologies; technologies which 
can improve production and energy efficiency; and technolo-
gies which directly abate emissions. Both new-build projects 
and retrofit projects are considered. The types of mitigation 
opportunities identified are categorised below:

•	 Energy efficiency measures, which reduce overall end-
use energy consumption and so reduce direct emissions 
from stationary fuel combustion (for example, recovery 
and use of waste process heat) or indirect emission from 
electricity use on-site (for example, improved electric 
motor system controls and variable speed drives (VSDs) 
on compressors, pumps and fans).

•	 Improved efficiency of onsite heat and power generation 
techniques, which again reduce overall energy consump-
tion and associated emissions from fuel combustion (for 
example energy efficient boiler systems and kilns, includ-
ing replacement of old boilers with new), or reduce im-
ported grid electricity and associated indirect emissions 
(for example implementation of combined heat and 
power (CHP) technology).

•	 Improved production processes, which reduce direct 
process emissions such as increasing production of steel 
from scrap metal in electric arc furnaces (EAFs) in place 
of more carbon-intensive primary production techniques 
using iron ore.

•	 Fuel switches, which replace fossil fuels with less car-
bon-intensive fuels such as natural gas or ‘zero-carbon’ 
fuels such as biomass.

•	 GHG abatement technologies, which directly capture 
and dispose of emissions (for example combustion and 
destruction of GHG emissions that would otherwise be 
vented).

Opportunities to mitigate and reduce industrial GHG emis-
sions have been identified, based on international best prac-
tice and under the guidance of the TWG sector experts, for 
several key manufacturing industries in South Africa. Mitiga-

tion opportunities have been identified and quantified follow-
ing the process described below.

Development of a long list: Based upon desktop research of 
international GHG mitigation best practice and best available 
techniques (BAT) for production, a long list of GHG emis-
sions abatement measures was prepared for each industrial 
subsector.

Refinement of a short list: The long list was disseminated to 
the TWG-M and feedback was gathered on the applicability 
and potential of each measures. A short list of mitigation op-
portunities was then selected, based upon this feedback, for 
each subsector.

Further quantitative data gathering: The data parameters re-
quired to construct the marginal abatement cost curves 
(MACCs), including the abatement potential and costs, were 
then gathered using international benchmarks and BAT lit-
erature. Questionnaires for each industry subsector were 
disseminated to the TWG-M members, including all of the 
quantified measures, to verify the parameters based upon 
sector expertise from South Africa, and to allow the TWG-M 
members to provide quantitative information on additional 
mitigation activities.

Final list of measures: The final list of data was then prepared 
based upon the TWG-M final feedback.

The extent to which these mitigation technologies can reduce 
or prevent emissions and their costs have been quantified 
based on a set of data parameters gathered for each measure. 

4.1	 Data Parameters

For each measure, the data parameters required to calculate 
the GHG abatement potential (in tonnes of CO2e) and the 
marginal abatement cost (MAC, in cost per tonne of CO2 
abated) over the 2010–2050 period, were gathered based on 
benchmark documentation and through dialogue with sector 
task team and TWG-M experts. The summary list of data pa-
rameters gathered is described in Table 8. Marginal abatement 
cost curves (MACCs) for the key focus years (2020, 2030 and 
2050) were then constructed using these principal indicators 
of mitigation performance applying the approach described 
in Section 5.

Chapter III: Identification and Analysis of 		
			    Mitigation Potential
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Table 8:	 List of mitigation measure data parameters

Parameter Unit Description

A GHG emissions reduction potential (process, fugitive, fuel and/or indirect emissions)

A.1 Reference emissions ktCO2e Reference emissions in ktCO2e (in 2010).

A.2
Emissions abatement 
potential

ktCO2e Reduction in emissions compared to reference emissions in ktCO2e.

A.3
Emissions abatement 
potential

%
Potential percentage (%) reduction in emissions compared to 
reference emissions.

A.4 Applicability %
% of total emissions that abatement measures can be applied to (e.g. if 
100% of emissions come from process electricity consumption, then a 
process control improvement measure would be 100% applicable).

B Energy saving

B.1.1
Reference thermal energy 
consumption

GJ/ tonne product
Reference thermal energy consumption in GJ/tonne product (e.g. 
crude steel).

B.1.2
Thermal energy saving 
potential

GJ/t product
Reduction in thermal energy consumption compared to reference 
energy consumption. 

B.1.3
Thermal energy saving 
potential

%

% thermal energy saving potential compared to reference thermal 
energy consumption (e.g. if 65% of thermal energy is consumed by the 
steam reforming step, then a steam reforming process improvement 
would be 65% applicable).

B.1.4 Applicability %
% of total thermal energy consumption that abatement measure can 
be applied to.

B.2.1
Reference electricity 
consumption

GJ/t product The reference electricity consumption in GJ/t product. 

B.2.2 Electricity saving potential GJ/t product
Reduction in electricity consumption compared to reference 
consumption. 

B.2.3 Electricity saving potential %

% electricity saving potential compared to reference electricity 
consumption (e.g. if 22% of energy consumption is from preparation 
equipment, then a preparation process control improvement would be 
22% applicable).

B.2.4 Applicability %
% of total electricity consumption that abatement measure can be 
applied to.

C Costs

C.1.1 Capital cost R/site or R/sector Typical capital investment for measure in 2010. 

C.1.2 Additional annual costs R/year
Additional annual costs e.g. operational and maintenance costs in R/
year (not including additional energy cost).

C.1.3 Site production capacity Tonnes product/yr Typical site production capacity (tonnes product/year) for reference

C.2.1 Capital cost R/t
Typical capital investment for measure now. Please specify specific cost 
in R/t product

C.2.2 Additional annual costs R/t
Additional annual costs e.g. operational and maintenance costs. Please 
specify specific cost in R/t product (not including additional energy 
cost).
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Parameter Unit Description

C.3 Abatement cost R/tCO2e
Abatement cost for measure in R/tCO2e (in certain cases only the 
abatement cost was available, e.g. carbon capture and storage (CCS) 
measures)

D Availability %
When the technology is likely to become technically available (2010, 
2020, 2030, 2040 and 2050).

E Reference sector uptake % %
The likely % uptake of the technology across the sector that will 
happen anyway under current policy, existing measures, technology 
development status and economics. 

F Lifetime Years Expected lifetime of mitigation technology/equipment/ plant.

4.2	 Data Sources and References

The technical effectiveness and cost data gathered for each 
mitigation option are based on a variety of sources. These 
sources are as follows:

•	 Personal communication with sector experts from South 
Africa during Sector Task Team and TWG-M meetings 
and via direct email and telephone communication.

•	 International benchmarks – examples of best practice 
and best available techniques (BAT).

•	 Best estimates based upon the experience of the project 
team.

In all cases, the sources of information are clearly referenced. 
Also, the team has taken every step possible within the scope 
and available resource to verify the validity of assumptions 
and data with the TWG-M experts to ensure applicability and 
accuracy of GHG emissions mitigation potential.

4.3	 Mitigation Options per Sector

Eight generic energy efficiency measures were selected based 
on international benchmarks and – under the guidance of the 
TWG-M sector experts – judged to be applicable to most 
industry sectors. The final list is presented in Table 9.
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Table 9:	 Generic list of energy efficiency measures

No Abatement measure Description Data sources

1
Energy monitoring and 
management system 

Computer-aided management system of process operations, 
energy systems and energy consumption. Identify energy saving 
opportunities and improve overall operational energy efficiency.

(EC, 2009a, p45, 83)

2
Improved process 
control 

Optimise control of the production process with effective 
monitoring, control and process automation equipment. Improve 
equipment lifetime, energy efficiency, reduce waste, improve 
production yield and reduce pollutants and GHG emissions.

(EC, 2009a, p76)

3
Improved electric 
motor system controls 
and VSDs 

Improved electric motor system controls and variable speed 
drives (VSDs) (e.g. compressors, pumps and fans).

(EC, 2009a, p199, 214, 289])

4
Energy efficient boiler 
systems and kilns

Energy efficient boiler systems and kilns, including replacement 
of old boilers with new.

(EC, 2009a p116, 134) 

(EC, 2007a, p24, 138)

5
Energy-efficient utility 
systems 

Energy-efficient utility systems (e.g. lighting, refrigeration, com-
pressed air systems).

(EC, 2009a, 206, 228, 235, 246)

6
Improved heat system, 
including exchanger 
efficiencies 

Improved heat system (e.g. preheating of air and fuel charged to 
boilers, reduced heat losses, improved heat exchanger efficien-
cies, improved process integration etc.).

(EC, 2009a, p94, 164)

7

Waste heat and/or gas 
energy recovery and 
utilisation for cogene-
ration

Recovery of waste process heat and/or gas from production 
processes and use of energy for onsite power generation. 
Replaces power from fuel combustion onsite or imported grid 
electricity. 

(EC, 2009a, p163)

8 CHP

The energy losses from power generation and from heat 
production can be reduced by combined generation of heat 
and power (CHP, cogeneration). Cogeneration plants raise the 
conversion efficiency of fuel use from around one-third in con-
ventional power stations to around 80% (or more).

(EC, 2006, p291)

(EC, 2009a, p176)
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Based on consultation with sector specialists represented 
on the industry sector task team, generic energy efficiency 
measures have already been implemented to varying degrees 
across industry in South Africa.5 Therefore, the mitigation 

impact and marginal abatement cost was only assessed for 
measures considered to have good potential for further up-
take and increased energy saving. The selected measures are 
shown in Table 10. 

Table 10:	 Generic energy efficiency measures selected for each industrial subsector

No Abatement measure

Metals

Chemicals

Minerals

Mining6

Other

Iron & 
Steel

Ferro-
alloy

Primary 
aluminium

Cement Lime
Pulp & 
paper

1
Energy monitoring and 
management system 

Yes Yes Yes Yes Yes Yes Yes

2
Improved process 
control 

Yes Yes Yes Yes Yes

3
Improved electric 
motor system controls 
and VSDs 

Yes Yes Yes Yes Yes Yes

4
Energy efficient boiler 
systems and kilns

Yes Yes Yes

5
Energy-efficient utility 
systems 

Yes Yes Yes Yes Yes Yes

6
Improved heat system, 
including exchanger 
efficiencies 

Yes Yes Yes Yes Yes

7
Waste heat and/or gas 
energy recovery and 
use cogeneration

Yes Yes Yes Yes Yes

8
Combined heat and 
power (CHP)

Yes Yes

5. � The approach used to account for early mitigation actions in the WEM projection is documented in Chapter II. A list of early mitigation actions 

(including their uptake between 2000 and 2010) and an estimate of the emission reductions achieved are shown in Table 3 and Table 4, respectively.

6. � Specific energy efficiency measures have been identified for Mining Sector. Details listed in Section 4.3.4.

The final lists of sector specific mitigation opportunities that 
have been selected during the mitigation analysis and deemed 
to have good mitigation potential are presented below for 
each industrial subsector. The current implementation status 
in South Africa is described (where this has been identified 
by the Sector Task Team).

4.3.1	 Metals Production

The metals sector includes iron and steel, ferroalloys and pri-
mary aluminium production. Mitigation measures have been 
identified and MACCs developed for these three metals sub-
sectors. 
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5.	 Approach to Development of Marginal 
Abatement Cost Curves

Marginal abatement cost curves (MACCs) have been devel-
oped for the industry key sector and subsectors for 2020, 
2030 and 2050, presenting the annual technical mitigation 
potential relative to the reference WEM emissions projection. 

Marginal abatement cost curves show the cost and emis-
sions reduction potential for a group of mitigation measures 
or technologies. Relative to the reference WEM emissions 
projection, the MACC shows the GHG mitigation abatement 
potential for each abatement technology along the horizontal 
x-axis (in tonnes of CO2e abated) and the cost of implement-
ing the measures along the vertical y-axis (in rand (R) per 
tonne of CO2e abated). The mitigation measures are shown 
in the order of their marginal abatement cost from left to 
right along the x-axis (from cheapest to most expensive).

A sectoral bottom-up approach has been taken in developing 
the MACCs and determining the industry sector level tech-
nical mitigation potential. Generally, the sectoral mitigation 
potential (for each year between 2010 and 2050) for each 
measure has been estimated compared to the reference 
WEM emissions projection for the industry subsector (and 
specified subsectors), based on an assessment of three key 
percentage factors:

•	 Emissions reduction potential: Percentage of process, direct 
fuel and/or indirect electricity emissions.

•	 Applicability: Percentage of the total reference sector 
emissions that the mitigation measure’s reduction poten-
tial can be applied to.

•	 Sector uptake/penetration: Percentage of the sector that 
implements the measure.

The sector-wide mitigation potential is then simply estimated 
by multiplying the reference emissions by the three factors 
above for each measure and then adding the mitigation po-
tential of all measures identified for the sector.

The approach taken and methodology applied in developing 
the MACCs for the industry sectors is described in detail 

in the Technical Appendix A: Approach and Methodology. A 
summary of the key methodological assumptions affecting 
GHG mitigation potential and the marginal abatement cost 
made are described below.

The project team adopted a capital discount rate of 11.3% 
when generating the MACCs, in accordance with guidelines 
provided by National Treasury. 

In general, the theoretical methodological approach, which 
had to be adopted in the absence of comprehensive feasi-
bility studies at site level, did not allow definitive statements 
to be made about the practical feasibility of these measures 
at site level.

Detailed abatement and marginal abatement costs for all 
measures identified in this study are shown in Table 53. Mar-
ginal abatement cost curves for individual sectors and subsec-
tors are shown in Sections 6, 7, 8, 9, 10 and11.

5.1	 Estimating Mitigation Potential

The GHG mitigation abatement potential for each abate-
ment technology is displayed along the horizontal x-axis of 
the MACC (in tonnes of CO2e abated).

The annual technical mitigation potential for each measure 
is calculated on a sectoral basis for each year between 2010 
and 2050. The mitigation potential is measured based on the 
WEM reference emissions projection (for fugitive emissions, 
process emissions, direct fuel emissions and/or indirect elec-
tricity related emissions, as defined by the emissions sources 
of each key sector). 

The mitigation potential for each identified mitigation mea-
sure has been estimated based on data parameters gathered 
(as described in Table 8 in Section 4.1), and the formulas 
defined below, according to the emissions sources of each 
sector. The data parameters stipulate the emissions reduction 
potential and applicability (that is process, direct fuel and/or 
indirect related), fuel saving potential and applicability, and/or 
electricity saving potential and applicability, and the assumed 
sector uptake.

Sector mitigation potential (tCO
2
e/year) = process emissions reduction (tCO

2
e/year) + 

direct fuel emissions reduction (tCO
2
e/year) + 

indirect electricity emissions reduction (tCO
2
e/year)
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First, the process emissions reduction potential for a given mitigation measure is calculated using the following formula:

Process emissions reduction (tCO2e/year) = reference process emissions (tCO2e/year) x 

process emissions reduction potential (%) x 

applicability (%) x sector uptake (%)

Second, the fuel emissions reduction potential for a given mitigation measure is calculated using the following formula:

Direct fuel emissions reduction (tCO2e/year) = reference direct fuel emissions (tCO2e/year) x 

fuel energy saving potential (%) x 

applicability (%) x sector uptake (%)

Finally, the indirect electricity emissions reduction potential of a given mitigation measure is calculated using the following formula:

Indirect emissions reduction (tCO2e/year) = reference indirect electricity emissions (tCO2e/year) x 

electricity saving potential (%) x

applicability (%) x sector uptake (%)

The emissions reduction potential and applicability, fuel saving 
potential and applicability, and electrical saving potential and 
applicability for each measure have been selected based upon 
benchmark information and/or in consultation with the TWG 
sector experts. The selected parameters for all mitigation 
measures identified in each industry sector are presented in 
the following sections, together with relevant assumptions.

Importantly, the selected level of sector uptake for each mea-
sure determines the extent to which a measure is available 
and implemented across the sector and impacts the overall 
mitigation potential.

5.1.1	 Mitigation Measures Availability

A MACC may include a wide range of abatement measures, 
including established existing technologies, and less well es-
tablished emerging technologies. Certain emerging technolo-
gies might not be available for application until some point in 
the future. This is reflected in the assumptions that are made 
about the availability of technology, at a given point in time.

Drawing on published research, the availability of each of the 
technologies over the assessment period has been defined. 
For each technology the availability has been allocated to the 
beginning of one of the following 10 year periods: 2010, 2020, 
2030 and 2050.

5.1.2	 Sector Uptake and Market Penetration

The extent to which a specific abatement measure can 
be implemented at a given point in time in the future is 
influenced by the measure’s availability and its market 
penetration rate. The penetration rate essentially describes 
the rate at which the measure could realistically penetrate 
the market. It therefore provides a limit on the abatement 
potential that can be delivered by a specific measure. For new 
technologies, this rate is typically assumed to follow existing 
investment cycles.

In the energy (excluding electricity generation) sectors and 
industrial sectors, for example, the selected level of imple-
mentation of a mitigation measure in a given year is defined 
by three parameters outlined below:

•	 Starting point: When additional mitigation action is im-
plemented. 

•	 Penetration rate: At what rate a measure is implemented 
over the 2010–2050 time period (that is the penetration 
rate). 

•	 Uptake: The extent to which a measure is implemented 
and deployed across the sector at a point in time (for 
example 25%, 50% or 100% by 2050).
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To determine the starting point, penetration rate and uptake 
of each measure, a pragmatic approach is applied, guided by 
the principle of what is technically possible (and not limited 
by economic and other non-technical limitations). These pa-
rameters have been decided based on two factors:

•	 Technology availability: As defined above, the availability 
of each measure is allocated to the beginning of one of 
the following 10 year periods: 2010, 2020, 2030, 2040 
or 2050.

•	 Marginal abatement cost: Defined as the cost of achieving 
incremental levels of emissions reduction (that is, cost 
per tonne of CO2e abated).

Additionally, the following straightforward assumptions have 
been made:

•	 Measures are implemented between 2010 and 2050, 
from 0% to 100% additional uptake.

•	 Measures are implemented starting from when they are 
deemed to be technically available. 

•	 Measures are typically implemented sector-wide at a rate 
from 0 to 100% over a period of 10 years, if a measure 
is a smaller retrofit project (that is a lifetime of between 
10 and 15 years). If measures are deemed to be locked-
in technology (that is a lifetime of between 25 and 40 
years), then they are assumed to be implemented over 
20 years.

•	 Where a set of measures is mutually exclusive, it is as-
sumed that they will be implemented equally and the 
total summed uptake of these measures cannot exceed 
100% (for example post combustion and oxyfuel CCS).

Where a measure is deemed to be too costly in comparison 
to other options or not feasible due to the prior implemen-
tation of another measure, then the uptake has been set to 
zero and the measure has been removed from the MACC.

The selected levels of uptake for each measure are presented 
in the following sections for each industry sector. These levels 
of uptake have been selected in consultation with the TWG 
industry experts.

The above approach and selected abatement, marginal abate-
ment cost and technically possible levels of uptake result in 
the creation of the ‘with additional measures’ (WAM) emis-
sions projection.

In the case of mitigation of emissions from the residential, 
commercial and institutional buildings sectors, the starting 
point, penetration rate and uptake of each measure, is based 
on the technology share proposed by the South African 
TIMES model (SATIM) model ‘upper bound’ scenario (ERC, 
2013).

5.2	 Estimating the Marginal Abatement Cost

The marginal abatement cost (MAC) is an indicator of the 
cost required to implement a given technical measure to 
abate a unit of CO2e. The MAC describes the net cost of 
implementing a measure by comparing the capital and op-
erational costs against potential energy cost savings (or addi-
tional energy overheads) per tonne of abatement. The MAC 
is shown along the vertical y-axis of the MACC (in cost per 
tonne of CO2e abated).

The marginal abatement costs for a measure in a given year are defined as follows:

MAC (ZAR/tCO2e) =  net annual cost (ZAR/year) / total emissions reduction (tCO2e/year)

The net annual cost (NAC) for a measure in a given year is the sum of the equivalent annual cost (EAC) and the annual operation 
and maintenance cost (Opex) minus the energy cost saving. The NAC is defined as follows:

NAC (ZAR/year) = equivalent annual cost (ZAR/year) +

annual operation & maintenance cost (ZAR/year) – 

energy cost saving (ZAR/year)
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The EAC for a given measure is defined as the capital invest-
ment cost (Capex) of the technical measures annualised over 
the measure’s lifetime, applying a discount rate. 

The Capex is annualised because the measures within the 
MACC may have different lifetimes. Annualising the Capex 
allows the marginal abatement costs of different measures 
to be compared and ranked accordingly. The Capex is based 
on the estimated ‘overnight’ capital cost for the measure in 
2010. The Capex, Opex and lifetime have mostly been based 
on benchmark information, then cross-checked with the Sec-
tor Task Team representatives. In cases where more accurate 
costing information has been made available by the TWG-M 

or Sector Task Team, this has been used instead. The selected 
Capex, Opex and lifetimes for all of the mitigation measures 
identified in each industry sector are displayed in the follow-
ing sections. The discount rate is assumed to be 11.3% (as set 
by the TWG-M).

5.2.1	 Other Cost Assumptions

The energy cost saving (R/year) for a given measure in a given 
year is based upon the estimated annual fuel and/or electric-
ity saving (GJ/year) multiplied by the assumed price for that 
year (in R/GJ). The assumed fuel and electricity prices for the 
period 2010 to 2050 are presented and explained in Box 1.

Box 1:	  Energy Price Assumptions

The assumed fuel prices for 2010, 2020, 2030 and 2050 used in the mitigation analysis and the development of the non-power 
energy, industry and transport sector MACCs are presented in Table 21. The prices are based on the supply costs of various indig-
enous production of primary fossil and renewable energy and imports prices from the “Appendix I. Primary Energy Supply Sector 
- Reference Case Assumptions” of version 3.2 of the SATIM Energy Model Methodology Appendices (ERC, 2013) provided in R/GJ 
(with the exception of metallurgical coke, petcoke and refinery fuel gas which are not specified in the SATIM model). This source 
was considered to be the most comprehensive, up-to-date and consistent data source for South African fuel prices on which to 
base the fuel prices assumptions. The assumed prices are net prices and do not include tax or additional local distribution charges.

Exceptionally, the 2010 base year price for metallurgical coke and petcoke is based on average market price information (Re-
source-Net, 2011). The refinery fuel gas (RFG) production cost is based on the SATIM energy model crude oil cost and the as-
sumption that 5% of crude feed stock is converted into RFG, and RFG production costs are 2.5% of total refinery product energy. 
The 2020, 2030 and 2050 prices are all extrapolated based upon the SATIM growth trend for crude oil.

In reality, the fuel prices paid by different businesses and industry subsectors may vary depending on several factors (for example 
amount of fuel purchased, supply contract terms etc.). As no other single and consistent information source was available for 
fuel prices paid in the non-power energy and industry subsectors, the SATIM energy model and DoE energy prices were applied. 

The electricity price for 2010 and projection up to 2050 is based upon the anticipated average electricity price path included 
in the Integrated Resource Plan (IRP) For Electricity 2010–2030 (DoE, 2011, Figure 4). This was considered to be the most ap-
propriate data source on which to base the electricity price assumption and projection and is consistent with the power sector 
mitigation analysis assumptions.
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Table 21:	 Assumed energy prices for 2010 base year and projected prices up to 2050

Item Units Source Note 2010 2020 2030 2040 2050

Coking coal R/GJ (ERC, 2013) DoE Imports of coking coal 55 60 66 70 75

Bituminous coal R/GJ (ERC, 2013) Extraction of coal 27 30 33 35 37

Metallurgical coke R/GJ
(Resource-Net, 
2011)

Projection linked to coal 
trend, SATIM model 2013

112 123 134 143 152

Petcoke R/GJ
(Resource-Net, 
2011)

Projection linked to crude oil 
trend, SATIM model 2013

111 137 170 192 213

Natural gas R/GJ (ERC, 2013)
Imports of gas southern 
Mozambique piped

44 55 68 77 85

Crude oil R/GJ (ERC, 2013) Imports of oil crude 97 121 150 168 187

Natural gas liquids 
(NGL)

R/GJ (ERC, 2013)
Imports of gas international 
LNG

72 88 108 121 133

Liquid petroleum 
gas (LPG)

R/GJ (ERC, 2013)
Imports of oil LPG

276 300 329 348 367

Motor gasoline R/GJ (ERC, 2013) Imports of oil gasoline 124 153 188 211 234

Gas diesel oil R/GJ (ERC, 2013) Imports of oil diesel 117 145 180 203 226

Heavy fuel oil R/GJ (ERC, 2013) Imports of oil HFO 97 121 150 168 187

Kerosene R/GJ (ERC, 2013) Imports of oil kerosene 127 154 189 211 232

Biomass bagasse R/GJ (ERC, 2013)
Renewable resource: biomass 
bagasse

20 20 20 20 20

Biomass wood R/GJ (ERC, 2013)
Renewable resource: biomass 
wood

20 20 20 20 20

Biodiesel R/GJ (ERC, 2013) Imports of biodiesel 123 152 189 213 237

Electricity R/GJ (DoE, 2011)
IRP projection, Figure 4. 
Breakdown of anticipated 
average electricity price path

117 264 264 264 264

Bioethanol R/GJ (ERC, 2013) Imports of bioethanol 131 160 198 222 246

Refinery fuel gas R/GJ
Specific 
assumption

Linked to imported crude oil 
projection

8 10 13 14 16

While a specific set of energy prices were assumed for the 
study, it is recognised that when developing sector specific 

feasible mitigation options, prices that are applicable to the 
specific activity will need to be applied.
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6.	 Mitigation Potential for the Metals 
Sector

The metals sector includes iron and steel, ferroalloys and pri-
mary aluminium production. Mitigation measures have been 
identified and MACCs developed for these three metal sub-
sectors.

6.1	 Summary MACCs

The summary MACCs combining all of the mitigation mea-
sures identified and quantified for iron and steel, ferroalloys 
and primary aluminium production, for 2020, 2030 and 2050 
are displayed below in Figure 3, Figure 4 and Figure 5, respec-
tively. Detailed abatement and marginal abatement costs for 
all measures are shown in Table 53. Identification numbers 
shown in the legends of the figures below may be used to 
look up details in Table 53.

Figure 3:	 Metals sector MACC for 2020
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Figure 4:	 Metals sector MACC for 2030

Figure 5:	 Metals sector MACC for 2050
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6.2	 Primary Aluminium Production

6.2.1	 Key Assumptions

The assumed emissions reduction and energy saving poten-
tial for each mitigation measure included in the aluminium 
production MACC, together with references, are presented 
in Table 22. The assumed cost, technology availability and life-
time are listed in Table 23. The assumed technology uptake in 
2010, 2020, 2030 and 2050 and other key assumptions are 
shown in Table 24.

For the objective of reducing energy consumption and GHG 
emissions, the mitigation analysis assumes a 20% production 

switch from primary operations to secondary production 
techniques is possible by 2030 by increasing recycling.

The process emission factors applied for prebake production 
technology are based upon IPCC guidelines and are in line 
with the assumptions in the GHGI for South Africa. It is noted 
that these are higher than the emission factors proposed 
by the TWG members representing the primary aluminium 
sector.

Sector growth is assumed to be 4.2% per annum on average 
from 2010 to 2050 in line with the emissions projection 
assumptions and the underlying macroeconomic model.

Table 22:	 Emissions reduction potential and energy saving potential of mitigation measures and references in primary aluminium production

Abatement measure

Process emissions 
abatement potential

Applicability
Energy 
saving 

potential
Applicability

Reference

% % % %

1
Best process selection for 
primary aluminium smelting

5% 100% 5% 90% (EC, 2009b) 

2
Switch to secondary 
production and increase 
recycling

90% 100% 90% 100%
(IAI, 2011a) 
(EC, 2008)

3
Energy monitoring & 
management system 

1% 100% (EC, 2009b)

4 Improved process control 2% 100% (EC, 2009b)

5
Improved electric motor 
system controls and variable 
speed drives 

10% 8% (EC, 2009a)

6 Energy-efficient utility systems 10% 2.5% (EC, 2009a)

Table 23: 	 Costs, availability and lifetime of primary aluminium production mitigation measures

Abatement measure

Capital 
cost

Additional 
annual costs

Site production 
capacity

Availability Lifetime

 Million 
R/site

Million 
R/year

Million 
tonnes/ year

Year Years

1
Best process selection for primary aluminium 
smelting

60 3 0.1 2010 40

2
Switch to secondary production and increase 
recycling

600 30 0.1 2010 40

3 Energy monitoring & management system 18 0 0.1 2010 15

4 Improved process control 60 2 0.1 2010 15

5
Improved electric motor system controls and 
variable speed drives 

54 1 0.1 2010 15

6 Energy-efficient utility systems 24 1 0.1 2010 15
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Table 24	 Mitigation technology sector uptake and other assumptions in primary aluminium production

Abatement measure
% Sector uptake

Other assumptions
2010 2020 2030 2050

1
Best process selection for 
primary aluminium smelting

50% 100% 100% 100%

The industry has set a target of using electricity inputs 
of 11 megawatt hours (MWh) to produce one ton of 
aluminium by 2020, down from 15.7 MWh in 2010. 
Since energy consumption in US smelters (15 MWh/t 
average) is more than twice the theoretical minimum 
requirement, the US Department of Energy estimates 
current R&D efforts could reduce smelting energy 
needs by up to 30%.

Assumes 50% already implemented by 2010 in terms of 
total sector uptake.

2
Switch to secondary 
production and increase 
recycling

0% 0% 50% 100%

Primary production total electrical power – 13.6–15.7 
kWh/kg Al. The specific energy consumption of 
secondary aluminium products ranges from 2 to 9 
GJ/tonne. 
Potential uptake limited by scrap availability. Costs 
estimated for new secondary production site at 
€50 million per site with 100,000 t Al/year with 5% 
additional annual cost. 

3
Energy monitoring & 
management system 

50% 100% 100% 100%
Assumes 50% already implemented by 2010 in terms of 
total sector uptake.

4 Improved process control 50% 100% 100% 100%
Assumes 50% already implemented by 2010 in terms of 
total sector uptake.

5
Improved electric motor 
system controls and VSDs 

0% 100% 100% 100%
Assumes 50% already implemented by 2010 in terms of 
total sector uptake.

6 Energy-efficient utility systems 0% 100% 100% 100%
Assumes 50% already implemented by 2010 in terms of 
total sector uptake.

6.2.2	 Marginal Abatement Cost Curve

The scope for emissions reductions in aluminium primary 
production is not as extensive as in the steel and ferroal-
loy industries. This is largely due to the fact that 100% of 
the industry in South Africa uses centre worked prebake 
(CWPB) technology with point feeding – the most energy 
efficient option available. Further, significant measures have 
already been taken to reduce process emissions caused by 

the ‘anode effect’. In addition, a large proportion of produc-
tion facilities already use best available production techniques 
and advanced process controls. In 2020, the total abatement 
potential amounts to just over 844 ktCO2e (4% of the WEM 
emissions projection) with best process selection for primary 
aluminium smelting and advanced process control techniques 
offering the best scope for mitigation at the least marginal 
abatement cost, as shown in Figure 6.
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Figure 6:	 Primary aluminium production MACC for 2020

Figure 7:	 Primary aluminium production MACC for 2030
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Figure 8:	 Primary aluminium production MACC for 2050

In 2030, the progressive switch from primary production 
techniques and replacement with secondary production con-
tributes to total abatement potential of 3,045 ktCO2e/year 
(11% of the reference WEM emissions projection), as shown 
in Figure 7. Secondary aluminium production using recycled 
scrap raw material requires significantly less energy compared 
to primary aluminium production and offers mitigation po-
tential of 1,935 ktCO2e/year at a negative marginal abate-
ment cost of -R311/tCO2e.

Figure 8 shows the benefit in terms of mitigation potential of 
switching to less electricity intensive secondary production 
techniques in 2050. Of course, shifting from the primary to 
the secondary production pathway is limited by access to 
scrap aluminium and would take place gradually as produc-
tion facilities reach the end of their lives and are replaced.

The total mitigation potential which is deemed to be techni-
cally possible from 2010 to 2050 compared to the WEM is 
169 million tCO2e. This is equivalent to 13% of the reference 
WEM emissions.

6.3	 Iron and Steel Production

6.3.1	 Key Assumptions

The assumed emissions reduction and energy saving potential 
for each mitigation measure included in the iron and steel 

production MACC, together with references, are presented 
in Table 25. The assumed costs, technology availability and life-
time are listed in Table 26. The assumed technology uptake in 
2010, 2020, 2030 and 2050 and other key assumptions are 
shown in Table 27.

To reduce sector emissions, it is assumed that 40% of crude 
steel can be produced from the secondary production route 
of electric arc furnaces (EAF) and scrap material by 2030 (an 
increase of 11% from 29% in 2010). This measure assumes a 
gradual shift from the primary production pathway of blast 
furnace (BF) and basic oxygen furnace (BOF) over a 20 year 
period starting in 2010. It is also assumed that the increased 
demand for scrap metal can be met. Again for the purposes 
of abatement, it is assumed that 40% of crude steel is pro-
duced using the direct reduced iron (DRI) smelting process 
in EAFs by 2030 (an increase of 27% from 13% in 2010). 
The increase in DRI production assumes that the necessary 
additional supplies of gas are available. The remaining 20% 
of production in 2030 is assumed to come from the BF and 
BOF route (a reduction of 38% from 58% of total production 
in 2010). 

Sector growth is assumed to be 3.9% per annum on average 
from 2010 to 2050 in line with the emissions projection as-
sumptions and the underlying macroeconomic model. 
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6.3.2	 Marginal Abatement Cost Curve

The iron and steel production MACC indicates that all of the 
mitigation opportunities identified have a combined GHG 
emissions abatement potential of 5,825 ktCO2e in 2020 
compared to the WEM reference scenario or 18% of total 
projected emissions, as shown in Figure 9. Energy efficiency 
measures, such as implementation of BOF waste heat and 
gas recovery, energy monitoring and management system 
and top gas pressure recovery turbine, have negative margin-
al abatement costs due to their significant energy cost saving 
potential and relatively low capital cost. The most significant 
abatement option is to shift from traditional energy-intensive 
primary production processes of iron ore reduction using 
blast furnaces to secondary techniques using EAFs and max-
imising scrap raw material. This has the potential to mitigate 

some 1,465 ktCO2e in 2020 (although the uptake of this 
measure is limited by the availability and price of scrap metal). 
Replacing further production from the counterfactual BF and 
BOF route by switching to DRI and EAF could mitigate over 
1,700 ktCO2e in 2020 (for example by implementing Midrex 
and HYL technologies that produce DRI from pellets by gas-
based direct reduction in a shaft furnace). However, this has 
an abatement cost of over R410/tCO2e and uptake maybe 
limited by access to natural gas or coke oven gas. Building 
state-of-the-art power plants has significant abatement po-
tential (by installing advanced, high-efficiency power gener-
ation equipment using waste process gas to generate elec-
tricity and thus replace grid power). However, this also has a 
positive abatement cost of over R600/tCO2e.

Figure 9:	 Iron and steel production MACC for 2020
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Figure 10:	 Iron and steel production MACC for 2030

The portfolio of available mitigation technologies in 2030 
widens with the introduction of DRI-ULCORED (a more 
cost effective DRI production technique) and CCS tech-
nologies (capable of capturing and storing process and fuel 
combustion CO2 emissions) on the right hand side of the 
horizontal axis in Figure 10. The total mitigation potential of 
19,500 ktCO2e in 2030 or 41% of total projected emissions 
is considered to be technically achievable. The DRI and EAF 
alternative to the BF and BOF steelmaking pathway has a 
combined abatement potential of almost 8,200 ktCO2e in 

2030 at marginal abatement costs of less than R505 and -R4/
tCO2e, respectively. Capturing CO2 at the blast furnace (for 
example by implementing top gas-recycling blast furnace and 
post-combustion technologies has the potential to abate over 
4,260 ktCO2e in 2030, at costs of R600 and R825/tCO2e, 
respectively (top gas-recycling blast furnace also saves energy 
and is therefore the cheaper option). Implementing state-of-
the-art power plant with CCS is the most expensive mitiga-
tion option at over R1,400/tCO2e.



52

By 2050, the uptake of all available mitigation options offers 
a combined mitigation potential of 44.6 million tCO2e 
or 41% of total WEM emissions. Retrofitting CCS to blast 
furnaces combined with top gas-recycling blast furnace 
offers a realistic solution for maximising energy efficiency 
whilst minimising emissions from the blast furnace primary 
production pathway with marginal abatement costs of R600/
tCO2e. However, CCS for power plants is more costly and 
emphasises the high investments costs associated with this 
technology. The clear leaders in terms of abatement potential 

are shifting away from energy-intensive primary techniques to 
more energy-efficient secondary techniques (EAFs and use of 
scrap metal) and increasing production using DRI. The option 
with the highest marginal abatement cost is implementing 
state-of-the-art power plants (with and without CCS). 

The total mitigation potential which is deemed to be 
technically possible is 758 million tonnes of CO2e in 
absolute terms over the 2010 to 2050 period or 34% of the 
reference emissions.

Figure 11:	 Iron and steel production MACC for 2050

6.4	 Ferroalloys Production

6.4.1	 Key Assumptions

The assumed emissions reduction and energy saving poten-
tial for each mitigation measure included in the ferroalloys 
production MACC, together with references, are presented 
in Table 28. The assumed costs, technology availability and life-
time are listed in Table 29. The assumed technology uptake in 
2010, 2020, 2030 and 2050 and other key assumptions are 
shown in Table 30. 

The share of furnace technology in operation across the sec-
tor is assumed to be 40% semi-closed and 60% closed type 

in 2010. For the objective of increasing energy efficiency and 
GHG abatement, the analysis assumes a production switch 
of 25% of semi-closed to the more energy efficient closed 
furnace type is technically possible by 2030, giving a split of 
15% semi-closed and 85% closed. The mitigation analysis also 
assumes a 20% switch from carbon reductants (for exam-
ple coke and coal) to biocarbon sources (for example char-
coal and woodchips) is possible by 2030. Sector growth is 
assumed to be 4.2% per annum on average from 2010 to 
2050 in line with the emissions projection assumptions and 
the underlying macroeconomic model. 



53TECHNICAL APPENDIX D – INDUSTRY SECTOR

Ta
bl

e 
28

:	
Em

iss
io

ns
 re

du
ct

io
n 

po
te

nt
ia

l a
nd

 e
ne

rg
y 

sa
vin

g 
po

te
nt

ia
l o

f m
iti

ga
tio

n 
m

ea
su

re
s 

an
d 

re
fe

re
nc

es
 in

 fe
rro

al
lo

ys
 p

ro
du

ct
io

n

A
ba

te
m

en
t 

m
ea

su
re

Pr
oc

es
s 

em
is

si
on

s 
ab

at
em

en
t 

po
te

nt
ia

l

A
pp

lic
ab

ili
ty

En
er

gy
 

sa
vi

ng
 

po
te

nt
ia

l
A

pp
lic

ab
ili

ty
En

er
gy

 
sa

vi
ng

 
po

te
nt

ia
l

A
pp

lic
ab

ili
ty

 
R

ef
er

en
ce

%
%

%
%

%
%

N
ot

e

1
Im

pl
em

en
tin

g 
be

st 
av

ail
ab

le 
pr

od
uc

tio
n 

te
ch

niq
ue

s
10

%
10

0%
5%

10
0%

5%
10

0%
10

0%
 o

f a
ll e

lec
tri

c 
us

e
(X

str
at

a, 
20

12
)

(E
C

, 2
00

9b
)

2
Re

pl
ac

e 
su

bm
er

ge
d 

ar
c 

fu
rn

ac
e 

se
m

i-c
lo

se
d 

w
ith

 c
lo

se
d 

ty
pe

16
%

88
%

16
%

10
0%

20
%

95
%

95
%

 o
f e

lec
tri

cit
y 

us
ed

 b
y 

se
m

i c
lo

se
d 

fu
rn

ac
es

 

(E
C

, 2
00

9b
)

(R
iek

ko
la-

Va
nh

an
en

, 
19

99
) (

H
ol

ap
pa

, 
20

10
)

3
W

as
te

 g
as

 re
co

ve
ry

 a
nd

 p
ow

er
 

ge
ne

ra
tio

n 
– 

CO
 fr

om
 c

lo
se

d 
fu

rn
ac

e
13

%
95

%
95

%
 o

f e
lec

tri
cit

y 
us

ed
 b

y 
clo

se
d 

fu
rn

ac
es

 

(X
str

at
a, 

20
12

) 
(E

C
, 2

00
9b

) 
(R

iek
ko

la-
Va

nh
an

en
, 

19
99

)

4
W

as
te

 h
ea

t r
ec

ov
er

y 
an

d 
po

w
er

 g
en

er
at

io
n 

fro
m

 se
m

i-
clo

se
d 

fu
rn

ac
e 

– 
Ra

nk
ine

 C
yc

le
13

%
95

%
95

%
 o

f e
lec

tri
cit

y 
us

ed
 b

y 
se

m
i c

lo
se

d 
fu

rn
ac

es
 

5

W
as

te
 h

ea
t r

ec
ov

er
y 

an
d 

po
w

er
 g

en
er

at
io

n 
fro

m
 se

m
i-

clo
se

d 
fu

rn
ac

e 
– 

O
rg

an
ic 

Ra
nk

ine
 C

yc
le

13
%

95
%

95
%

 o
f e

lec
tri

cit
y 

us
ed

 b
y 

se
m

i c
lo

se
d 

fu
rn

ac
es

 

6
U

se
 b

io
ca

rb
on

 re
du

ct
an

ts 
ins

te
ad

 o
f c

oa
l/c

ok
e

10
0%

88
%

 
(R

iek
ko

la-
Va

nh
an

en
, 

19
99

) 
(E

C
, 2

00
9b

)

7
En

er
gy

 m
on

ito
rin

g 
an

d 
m

an
ag

em
en

t s
ys

te
m

 
1%

10
0%

1%
10

0%
of

 a
ll e

lec
tri

cit
y 

us
e

(E
C

, 2
00

9b
) 

(E
C

, 2
00

9a
)

8
Im

pr
ov

ed
 e

lec
tri

c 
m

ot
or

 
sy

ste
m

 c
on

tro
ls 

an
d 

va
ria

ble
 

sp
ee

d 
dr

ive
s

10
%

5%
of

 a
ll e

lec
tri

cit
y 

us
e

(E
C

, 2
00

9a
)

9
En

er
gy

-e
ffi

cie
nt

 u
tili

ty
 sy

ste
m

s 
10

%
5%

of
 a

ll e
lec

tri
cit

y 
us

e

10
Im

pr
ov

ed
 h

ea
t e

xc
ha

ng
er

 
ef

fic
ien

cie
s 

10
%

5%
10

%
5%

of
 a

ll e
lec

tri
cit

y 
us

e



54

Ta
bl

e 
29

: 	
Co

st
s, 

av
ai

la
bi

lit
y 

an
d 

lif
et

im
e 

of
 fe

rro
al

lo
ys

 p
ro

du
ct

io
n 

m
iti

ga
tio

n 
m

ea
su

re
s

A
ba

te
m

en
t 

m
ea

su
re

C
ap

ita
l c

os
t

A
dd

iti
on

al
 

an
nu

al
 c

os
ts

Si
te

 
pr

od
uc

tio
n 

ca
pa

ci
ty

A
va

ila
bi

lit
y

Li
fe

tim
e

 M
ill

io
n 

Z
A

R
/s

ite
M

ill
io

n 
Z

A
R

/y
ea

r
M

ill
io

n 
To

nn
es

/ y
ea

r
Ye

ar
Ye

ar
s

1
Im

pl
em

en
tin

g 
be

st 
av

ail
ab

le 
pr

od
uc

tio
n 

te
ch

niq
ue

s
24

0
12

0.4
20

10
25

2
Re

pl
ac

e 
su

bm
er

ge
d 

ar
c 

fu
rn

ac
e 

se
m

i-c
lo

se
d 

w
ith

 c
lo

se
d 

ty
pe

72
0

36
0.4

20
10

25

3
W

as
te

 g
as

 re
co

ve
ry

 a
nd

 p
ow

er
 g

en
er

at
io

n 
– 

CO
 fr

om
 c

lo
se

d 
fu

rn
ac

e
47

2.5
23

.62
5

0.4
20

10
25

4
W

as
te

 h
ea

t r
ec

ov
er

y 
an

d 
po

w
er

 g
en

er
at

io
n 

fro
m

 se
m

i-c
lo

se
d 

fu
rn

ac
e 

– 
Ra

nk
ine

 c
yc

le
94

5
47

.25
0.4

20
10

25

5
W

as
te

 h
ea

t r
ec

ov
er

y 
an

d 
po

w
er

 g
en

er
at

io
n 

fro
m

 se
m

i-c
lo

se
d 

fu
rn

ac
e 

– 
or

ga
nic

 R
an

kin
e 

cy
cle

10
08

50
.4

0.4
20

14
25

6
U

se
 b

io
ca

rb
on

 re
du

ct
an

ts 
ins

te
ad

 o
f c

oa
l/c

ok
e

60
3

0.4
20

10
25

7
En

er
gy

 m
on

ito
rin

g 
an

d 
m

an
ag

em
en

t s
ys

te
m

 
12

0.6
0.4

20
10

15

8
Im

pr
ov

ed
 e

lec
tri

c 
m

ot
or

 sy
ste

m
 c

on
tro

ls 
an

d 
va

ria
ble

 sp
ee

d 
dr

ive
s

42
2.1

0.4
20

10
15

9
En

er
gy

-e
ffi

cie
nt

 u
tili

ty
 sy

ste
m

s 
30

1.5
0.4

20
10

15

10
Im

pr
ov

ed
 h

ea
t e

xc
ha

ng
er

 e
ffi

cie
nc

ies
 

18
0.9

0.4
20

10
15



55TECHNICAL APPENDIX D – INDUSTRY SECTOR

Ta
bl

e 
30

	
M

iti
ga

tio
n 

te
ch

no
lo

gy
 s

ec
to

r u
pt

ak
e 

an
d 

ot
he

r a
ss

um
pt

io
ns

 in
 fe

rro
al

lo
ys

 p
ro

du
ct

io
n

A
ba

te
m

en
t 

m
ea

su
re

%
 S

ec
to

r 
up

ta
ke

O
th

er
 A

ss
um

pt
io

ns
20

10
20

20
20

30
20

50

1
Im

pl
em

en
tin

g 
be

st 
av

ail
ab

le 
pr

od
uc

tio
n 

te
ch

niq
ue

s
20

%
50

%
10

0%
10

0%
Co

st 
de

pe
nd

s o
n 

ex
te

nt
 o

f r
et

ro
fit

 p
ro

jec
ts 

ins
ta

lle
d. 

€2
0 

m
illi

on
 

as
su

m
es

 p
lan

t r
ev

am
p 

(n
ot

 in
clu

di
ng

 re
pl

ac
em

en
t o

f f
ur

na
ce

).

2
Re

pl
ac

e 
su

bm
er

ge
d 

ar
c 

fu
rn

ac
e 

se
m

i-c
lo

se
d 

w
ith

 c
lo

se
d 

ty
pe

20
%

50
%

10
0%

10
0%

Co
st 

as
su

m
ed

 n
ew

 c
lo

se
d 

ele
ct

ric
 a

rc
 fu

rn
ac

e 
is 

R1
,80

0/
t i

ns
ta

lle
d 

ca
pa

cit
y 

(U
S$

20
0/

to
nn

e)

3
W

as
te

 g
as

 re
co

ve
ry

 a
nd

 p
ow

er
 g

en
er

at
io

n 
– 

CO
 fr

om
 c

lo
se

d 
fu

rn
ac

e
0%

50
%

10
0%

10
0%

As
su

m
es

 1
5–

20
%

 o
f e

lec
tri

c 
en

er
gy

 c
on

su
m

ed
 b

y 
th

e 
ele

ct
ric

 
ar

c 
fu

rn
ac

e 
ca

n 
be

 re
co

ve
re

d 
by

 a
n 

en
er

gy
 re

co
ve

ry
 sy

ste
m

. 
Pe

rc
en

ta
ge

 is
 c

on
sid

er
ab

ly 
hig

he
r f

or
 a

 sy
ste

m
 th

at
 p

ro
du

ce
s 

ele
ct

ric
ity

 a
nd

 u
se

s t
he

 th
er

m
al 

en
er

gy
 o

f t
he

 fu
rn

ac
e 

co
ol

ing
 a

nd
 

th
e 

of
f-g

as
 v

ol
um

e. 
As

su
m

es
 si

te
 c

an
 se

ll e
lec

tri
cit

y 
ov

er
 th

e 
fe

nc
e. 

As
su

m
es

 3
5M

W
 

ins
ta

lle
d 

ca
pa

cit
y 

w
ith

 in
te

rn
al 

co
m

bu
sti

on
 te

ch
no

lo
gy

 w
ith

 a
nn

ua
l 

av
ail

ab
ilit

y 
of

 9
5%

 a
nd

 7
0%

 c
ap

ac
ity

 u
tili

sa
tio

n.

4
W

as
te

 h
ea

t r
ec

ov
er

y 
an

d 
po

w
er

 g
en

er
at

io
n 

fro
m

 se
m

i-c
lo

se
d 

fu
rn

ac
e 

– 
Ra

nk
ine

 c
yc

le
0%

50
%

10
0%

10
0%

H
as

 b
ee

n 
co

ns
id

er
ed

 fo
r g

en
er

al 
ap

pl
ica

tio
n 

to
 th

e 
fe

rr
oa

llo
y 

ind
us

tr
y. T

yp
ica

l c
ap

ita
l c

os
t U

S$
25

00
/k

W
 to

 U
S$

33
00

/k
W

. 
As

su
m

es
 si

te
 c

an
 se

ll e
lec

tri
cit

y 
ov

er
 th

e 
fe

nc
e. 

As
su

m
es

 3
5M

W
 

ins
ta

lle
d 

ca
pa

cit
y 

w
ith

 R
an

kin
e 

cy
cle

 st
ea

m
 tu

rb
ine

 te
ch

no
lo

gy
 

w
ith

 a
n 

an
nu

al 
av

ail
ab

ilit
y 

of
 9

5%
 a

nd
 7

0%
 c

ap
ac

ity
 u

tili
sa

tio
n.

5
W

as
te

 h
ea

t r
ec

ov
er

y 
an

d 
po

w
er

 g
en

er
at

io
n 

fro
m

 se
m

i-c
lo

se
d 

fu
rn

ac
e 

– 
or

ga
nic

 R
an

kin
e 

cy
cle

 (O
RC

)
0%

50
%

10
0%

10
0%

As
su

m
ing

 a
 3

5M
W

 g
ro

ss
 in

sta
lle

d 
ca

pa
cit

y 
O

RC
 w

ith
 a

n 
an

nu
al 

av
ail

ab
ilit

y 
of

 9
5%

 a
nd

 7
0%

 c
ap

ac
ity

 u
tili

sa
tio

n. 

6
U

se
 b

io
ca

rb
on

 re
du

ct
an

ts 
ins

te
ad

 o
f c

oa
l/c

ok
e

0%
50

%
10

0%
10

0%

As
su

m
es

 fo
ss

il f
ue

l r
ed

uc
ta

nt
s r

ep
lac

ed
 b

y 
ze

ro
 p

ro
ce

ss
 e

m
iss

io
ns

 
so

ur
ce

s (
e.g

. b
io

m
as

s).
 C

os
t s

av
ing

s d
ep

en
d 

on
 fu

el 
pr

ice
. 

As
su

m
es

 n
o 

co
st 

sa
vin

g. 
Es

tim
at

ed
 €

5m
 C

ap
ex

 fo
r n

ew
 st

or
ag

e 
an

d 
co

nv
er

sio
n 

pe
r s

ite
. A

ss
um

es
 m

ax
im

um
 o

f 2
0%

 sw
itc

h 
fro

m
 

co
ke

 a
nd

 c
oa

l.

7
En

er
gy

 m
on

ito
rin

g 
an

d 
m

an
ag

em
en

t s
ys

te
m

 
20

%
10

0%
10

0%
10

0%

En
er

gy
 sa

vin
g 

po
te

nt
ial

 a
nd

 c
os

ts 
es

tim
at

ed
 a

nd
 c

ro
ss

-c
he

ck
ed

 
w

ith
 T

W
G

 m
em

be
r.

8
Im

pr
ov

ed
 e

lec
tri

c 
m

ot
or

 sy
ste

m
 c

on
tro

ls 
an

d 
va

ria
ble

 sp
ee

d 
dr

ive
s

20
%

10
0%

10
0%

10
0%

9
En

er
gy

-e
ffi

cie
nt

 u
tili

ty
 sy

ste
m

s 
0%

10
0%

10
0%

10
0%

10
Im

pr
ov

ed
 h

ea
t e

xc
ha

ng
er

 e
ffi

cie
nc

ies
 

0%
10

0%
10

0%
10

0%



56

6.4.2	 Marginal Abatement Cost Curve

The identified technical mitigation potential in ferroalloy pro-
duction in 2020 is estimated at almost 5,580 ktCO2e/year or 
16% when compared to the WEM emissions projection, as 
shown in Figure 12. Several mitigation options provide nega-
tive marginal abatement costs and are available. The replace-
ment of submerged arc semi-closed furnaces with closed 

type offers the lowest marginal abatement cost to reduce 
emissions by 877 ktCO2e/year at a marginal abatement cost 
of -R840/tCO2e. Implementation of best available production 
techniques and waste gas recovery and power generation 
(on closed furnace types) also offer negative marginal abate-
ment cost options to reduce carbon intensity.

Figure 12:	 Ferroalloy production MACC for 2020
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In 2030, the technical abatement potential is estimated at 
13,400 ktCO2e or 28% of the reference WEM emissions pro-
jection, as shown in Figure 13. The deployment of waste heat 
recovery and power generation projects adopting Rankine 
cycle and organic Rankine cycle technologies is unlikely as 
lower marginal abatement cost energy efficiency options are 
available. The option to use biocarbon reductants instead of 
coal/coke offers a zero-carbon solution capable of abating al-

most 2,400 ktCO2e/year at a relatively modest marginal cost 
of R290/tCO2e. It is important to note that the extent of 
mitigation achieved through the use of biocarbon reductants 
depends on the nature of the ore and the type of biocarbon 
used. As this technology has not been tested in South Africa, 
the feasibility of implementation will require further investiga-
tion on the basis of specific biocarbons.

Figure 13:	 Ferroalloy production MACC for 2030
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7.	 Mitigation Potential for the Minerals 
Sector

The minerals sector includes cement and lime production. 
Mitigation measures have been identified and MACCs 
developed for the two subsectors. 

The summary MACCs combining all of the mitigation measures 
identified and quantified for cement and lime production, 
for 2020, 2030 and 2050 are displayed below in Figure 15, 
Figure 16 and Figure 17, respectively. Detailed abatement 
and marginal abatement costs for all measures are shown in 
Table 53. Identification numbers shown in the legends of the 
figures below may be used to look up details in Table 53.

By 2050, the total annual mitigation potential has increased 
to over 30 million tCO2e/year or 28% of the reference WEM 
emissions projection with the notable options being the re-
placement of submerged arc semi-closed furnaces with closed 
type, implementation of best available production techniques 
and using CO gas from closed furnaces to generate power 

onsite and reduce electricity imports (and associated indirect 
emissions), as shown in Figure 14. 

The total mitigation potential which is deemed to be technically 
possible from 2010 to 2050 compared to the WEM is over 
539 million tCO2e equivalent to 24% of projected emissions.

Figure 14:	 Ferroalloy production MACC for 2050
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Figure 15:	 Minerals sector MACC for 2020

 

Figure 16:	 Minerals sector MACC for 2030
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Figure 17:	 Minerals sector MACC for 2050

7.1	 Cement Production

7.1.1	 Key Assumptions

The assumed emissions reduction and energy saving 
potential for each mitigation measure included in the cement 
production MACC, together with references, are presented 
in Table 31. The assumed costs, technology availability and 
lifetime are listed in Table 32. The assumed technology uptake 
in 2010, 2020, 2030 and 2050 and other key assumptions are 
shown in Table 33.

For the objective of reducing emissions, the analysis assumes 
that a 25% fuel switch from fossil fuels to zero-carbon 

waste and biomass fuels is technically possible by 2030 (the 
proportional split of fuel is assumed to be 99% fossil and 1% 
waste/biomass in 2010). The analysis assumes a reduction in 
clinker content of cement is possible from 69% on average 
in 2010 down to 60% on average by 2030. The MACCs also 
assume that 2.5% of total cement production can be supplied 
by geopolymer production techniques by 2040.

Sector growth is assumed to be 4.2% per annum on average 
from 2010 to 2050 in line with the emissions projection 
assumptions and the underlying macroeconomic model. 
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7.1.2	 Marginal Abatement Cost Curve

The mitigation potential in the South African cement sec-
tor in 2020 is estimated at 1,258 ktCO2e/year compared to 
the reference WEM scenario (or 12% of total emission). The 
MACC displayed in Figure 18 shows that the lower marginal 
abatement cost option is the reduction of clinker content of 

cement products to 66% on average capable of mitigating 
754 ktCO2e/year at a negative marginal abatement cost of 
-R122/tCO2e in 2020. Improved electric motor system con-
trols and VSDs and advanced energy management systems 
are also options with negative abatements costs of -R227 and 
-R237/tCO2e, respectively.

 

Figure 18:	 Cement production MACC for 2020
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By 2050, the availability of CCS technologies including back-end 
chemical absorption and oxyfuel (with a marginal abatement 
cost of 910 and R820/tCO2e,respectively) offers a much 
wider opportunity to reduce emissions of over 15 million 
tCO2e/year in total compared to the WEM scenario or 46% 
of projected annual emissions, as shown in Figure 20.

The total mitigation potential for cement production from 
2010 to 2050 is estimated at 230 million tCO2e compared 
to the WEM reference scenario, equivalent to 34% of total 
emissions for the period.

By 2030, more technology options become available in-
creasing the total annual mitigation potential to over 3,650 
ktCO2e/year for the cement sector, as indicated by Figure 19, 
or 25% of total reference emissions. These include the imple-
mentation of waste heat recovery from kilns and coolers and 

the production of geopolymer cement (replacing standard 
Portland cement), with marginal abatements costs of R172 
to over R434/tCO2e, respectively. Using waste materials as 
fuel also shows good potential as an option and has a lower 
marginal abatement cost when compared to 2020.

Figure 19:	 Cement production MACC for 2030



67TECHNICAL APPENDIX D – INDUSTRY SECTOR

Figure 20:	 Cement production MACC for 2050

7.2	 Lime Production

7.2.1	 Key Assumptions

The assumed emissions reduction and energy saving potential 
for each mitigation measure included in the lime production 
MACC (including quick and hydrated lime), together with 
references, are presented in Table 34. The assumed costs, 
technology availability and lifetime are listed in Table 35. The 
assumed technology uptake in 2010, 2020, 2030 and 2050 
and other key assumptions are shown in Table 36.

For the objective of reducing emissions, the analysis assumes 
that 90% of fuel consumed in 2010 is from fossil sources 

and 10% is waste/biomass fuel. By 2040, a 40% fuel switch 
from fossil fuel to zero-carbon waste and biomass fuels is 
assumed to be technically possible (that is by 2040, 50% of 
fuel is from fossil sources and 50% from waste/biomass). The 
MACCs also assume that by 2050, 80% of all kilns are vertical/
parallel flow regenerative kiln (PFRK) type and the remaining 
20% are rotary/other type (in 2010, it is assumed that 100% 
are of rotary or other non-vertical kiln types).

Sector growth is assumed to be 4.2% per annum on average 
from 2010 to 2050 in line with the emissions projection as-
sumptions and the underlying macroeconomic model. 
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7.2.2	 Marginal Abatement Cost Curve

In 2020, the identified technical mitigation potential for lime 
production is almost 295 ktCO2e/year or 7% compared to 
the WEM emissions projection scenario. The MACC displayed 
in Figure 21, shows that implementing shaft preheater has a 
negative abatement cost of –R161/tCO2e. The replacement 
of rotary kilns with vertical shaft kilns or parallel flow 
regenerative kilns (PFRK) also offers a significant abatement 
option, albeit, at much higher marginal abatement costs.

In 2030, the mitigation potential increases to 822 ktCO2e/year 
equivalent to 15% of the WEM reference emissions projection, 

with the use of alternative fuels including waste and biomass 
increasing the opportunity for mitigation. The implementation 
of advanced energy monitoring and management systems, 
improved heat systems including heat exchanger efficiencies 
and improved electric motor system controls and VSDs are 
all mitigation options with low marginal abatement costs, 
although their impact is limited. The implementation of shaft 
preheaters is still the most significant mitigation option. The 
replacement of rotary kilns with vertical kilns or PFRK type 
also shows significant potential for abatement, albeit at a 
much higher cost. 

Figure 21:	 Lime production MACC for 2020
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Figure 22:	 Lime production MACC for 2030

The MACC for 2050, displayed in Figure 23, shows the 
availability of CCS at a cost of over R800/tCO2e significantly 
increases the mitigation potential to 7 million tCO2e/year. 
This is equivalent to 56% of the WEM reference emissions 
projection. The marginal abatement cost of replacing rotary 
kilns with vertical kilns or PFRK increases from 800 in 2030 to 
over R1,300/tCO2e in 2050. This is the result of an increased 
use of alternative fuels (including waste and biomass) in 

2030 and 2050 which reduces the carbon intensity of lime 
production and therefore reduces the carbon reduction 
potential of other energy saving measures thereby increasing 
their marginal abatement cost.

The total mitigation potential from 2010 to 2050 is estimated 
at 74 million tCO2e compared to the WEM reference 
scenario or 28% of total emissions.
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8.	 Mitigation Potential for the Chemicals 
Sector

The chemical sector as covered in this report includes the 
production of basic chemicals and other chemicals including 
ammonia, nitric acid, carbide, titanium dioxide, petrochemical 
and carbon black production. Disaggregated product data is 
only available for these chemicals, not for all chemicals pro-
duced in the basic and other chemicals subsectors. For the 
purposes of the study, energy efficiency measures have been 
assumed to apply equally to all production processes.

8.1	 Key Assumptions

The assumed emissions reduction and energy saving potential 
for each mitigation measure included in the chemicals pro-
duction MACC, together with references, are presented in 
Table 37. The assumed costs, technology availability and life-
time are listed in Table 38. The assumed technology uptake in 
2010, 2020, 2030 and 2050 and other key assumptions are 
shown in Table 39.

Mitigation potential of product specific measures in the 
chemical sector was difficult to assess due to a lack of ener-
gy consumption and direct fuel/indirect electricity emissions 
data broken down by chemical product. In particular it was 

not possible to estimate the mitigation potential associated 
with the implementation of tail-gas energy recovery for com-
bined heat and power plant within carbon black production. It 
should also be noted that ammonia production in South Afri-
ca is integrated with synthetic fuels and chemicals production 
and the majority of emissions and mitigation potential associ-
ated with ammonia production are captured in the other en-
ergy industries sector. Therefore, conventional measures used 
to assess mitigation potential for ammonia are not applicable 
to existing facilities but will be applicable to new facilities on 
the assumption that they adopt conventional technology. 

The difficulties in projecting emissions for the chemicals sec-
tor mean that the current WEM projection is likely to under-
estimate total emissions and brings into question the integrity 
of the underlying data based on two difference sources (in-
dustry data reported to the Chemical and Allied Chemical 
Industries’ Association (CAIA) and the DoE 2009 Energy Bal-
ance). Action should be taken to improve the quality, cover-
age and granularity of production, energy and emissions data 
where possible.

Sector growth is assumed to be 4.1% per annum on average 
from 2010 to 2050 in line with the emissions projection as-
sumptions and the underlying macroeconomic model. 

Figure 23:	 Lime production MACC for 2050
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8.2	 Marginal Abatement Cost Curve

In 2020, the identified technical mitigation potential for the 
chemicals sector is 938 ktCO2e/year compared to the WEM 
emissions projection or 6% of total emissions. There are a 
number of negative marginal abatement cost opportunities 
available to mitigate both process and fuel combustion emis-
sions, as shown in Figure 24. The options with the lowest 
marginal abatement costs are energy efficiency measures to 

implement advanced energy monitoring and management 
systems, improve electric motor system controls and install 
variable speed drives (VSDs), increase process integration 
and revamping old facilities to improve overall production 
and energy efficiency, all with negative marginal abatement 
costs. Implementing onsite combined heat and power (CHP) 
generation systems also offers major scope for reductions at 
a positive abatement cost. 

Figure 24:	 Chemicals production MACC for 2020
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In 2030, the priority order of mitigation options in terms of 
marginal abatement cost remains similar to 2020, as shown in 
the 2030 MACC displayed in Figure 25. The identified techni-
cal mitigation potential increases to almost 2.6 million tCO2e/
year compared to the WEM emissions projection or 13% of 
total emissions due to wider uptake of technologies. Energy 
management systems and improved electric motor systems 
remain the options with the lowest marginal abatement costs 

while complete site revamps and CHP offer the biggest scope 
for mitigation. N2O abatement is only applicable to new pro-
duction facilities as most nitric acid production plants in South 
Africa have already implemented N2O abatement projects 
partially financed under the UNFCCC’s Clean Development 
Mechanism (CDM). CCS for ammonia becomes available and 
provides an option to reduce process emissions.

Figure 25:	 Chemicals production MACC for 2030
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Figure 26:	 Chemicals production MACC for 2050

The mitigation potential in 2050 increases to over 6.2 million 
tCO2e/year compared to the WEM emissions projection 
or 15% of total emissions. CCS is fully implemented across 
new production facilities and capable of reducing process 
emissions by 945 tCO2e/year by 2050. Figure 26 shows that 
the mitigation cost at R585/tCO2e is lower compared to the 
cost of CCS in other industries due to the high purity of 
the CO2 in the process emissions resulting in lower capture 
and compression costs. The portfolio of energy efficiency 
measures available combined offer the largest mitigation 
opportunity at negative cost.

The total mitigation potential for the chemicals sector for 
2010 to 2050 is estimated at 106 million tCO2e compared to 
the WEM scenario or 11% of total emissions.

9.	 Mitigation Potential for the Mining 
Sector

The mining sector encompasses mined materials from surface 
and underground mines, including gold, platinum group metals 
(PGMs), diamonds, iron ore, chromite, manganese and other 
mined materials. This sector does not include coal mining. 
GHG emissions from coal mining and handling are included 
in the energy sector.

9.1	 Key Assumptions

The assumed emissions reduction and energy saving 
potential for each mitigation measure included in the mining 
sector MACC (not including coal mining activity), together 
with references, are presented in Table 40. The assumed 
technology costs, availability and lifetime are listed in Table 
41 The assumed technology uptake in 2010, 2020, 2030 and 
2050 and other key assumptions are shown in Table 42.

For the implementation of biodiesel mitigation measures, the 
MACCs assume that a maximum of 50% of the mining fleet 
can be fuelled by biodiesel. This assumes that first generation 
biodiesel is available from 2010 and second generation 
biodiesel is available from 2020. In both cases, it is assumed 
that the infrastructure and planning is in place to ensure 50% 
of the fleet can be supplied.

Sector growth ranges from 3.8 to 4.3% per annum on average 
from 2010 to 2050 for various mined products, in line with 
the emissions projection assumptions and the underlying 
macroeconomic model.
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9.2	 Marginal Abatement Cost Curve

The technical mitigation potential for the mining sector (not 
including coal mining operations) in 2020 is estimated at 5,613 
ktCO2e/year compared to the reference WEM emissions 
projection (equivalent to 11% of total projected emissions). 
The mining MACC for 2020 is displayed in Figure 27. This 
shows that there are several energy efficiency measures 
available with negative abatement costs, including the 

implementation of process, demand and energy management 
system, installation of energy-efficient electric motor systems, 
optimisation of existing electric motor systems (controls 
and VSDs), installation of energy-efficient lighting and the 
improvement of mine haul and transport energy efficiency 
(via training, behaviour change and improved transport 
management and operation).

Figure 27:	 Mining MACC for 2020

In 2030, the mitigation potential increases to 16,807 ktCO2e/
year equivalent to 23% of the WEM reference emissions pro-
jection driven largely by cost effective energy-efficiency mea-
sures. The development of onsite clean power generation 

also contributes to GHG mitigation (for example solar PV) 
by replacing imported power and reducing indirect emissions. 
However, this measure has a high marginal abatement cost of 
over R1000/tCO2e. 
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Figure 28:	 Mining MACC for 2030

Figure 29:	 Mining MACC for 2050
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The MACC for 2050, displayed in Figure 29, shows the overall 
abatement potential increases to 45,847 ktCO2e/year ; equiv-
alent to 24% of the WEM reference emissions projection. The 
notably significant and cost effective mitigation options are 
the implementation of process, demand and energy manage-
ment systems, installation of energy-efficient electric motor 
systems and optimisation of existing electric motor systems 
(controls and VSDs). These are all energy-efficiency measures 
which reduce electricity consumption and associated indirect 
emissions. The availability of biodiesel for reducing fleet emis-
sions has a much smaller impact in comparison.

The total mitigation potential from 2010 to 2050 is estimated 
at 726 million tCO2e compared to the WEM reference sce-
nario or 21% of total GHG emissions.

10.	 Mitigation Potential for the 
Buildings Sector

The buildings sector includes commercial/institutional and 
residential buildings. GHG emissions mitigation measures 
have been identified and MACCs have been developed for 
both groups of buildings.

The summary MACCs combining all of the mitigation mea-
sures identified and quantified for commercial/institutional 
and residential buildings for 2020, 2030 and 2050 are dis-
played below in Figure 30, Figure 31 and Figure 32, respec-
tively. Detailed abatement and marginal abatement costs for 
all measures are shown in Table 53. Identification numbers 
shown in the legends of the figures below may be used to 
look up details in Table 53.

Figure 30:	 Buildings sector MACC for 2020
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Figure 31:	 Buildings sector MACC for 2030

Figure 32:	 Buildings Sector MACC for 2050
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10.1	 Commercial/Institutional Buildings

10.1.1	 Key Assumptions

The assumed emissions reduction and energy saving potential 
for each mitigation measure included in the commercial/insti-
tutional buildings MACC, together with references, are pre-
sented in Table 43. The assumed costs, technology availability 
and lifetime are listed in Table 44. 

The assumed technology uptake in 2010, 2020, 2030 and 
2050 and other key assumptions are shown in Table 45. In 
the case of mitigation of emissions from the residential, com-
mercial and institutional buildings sectors, the starting point, 
penetration rate and uptake of each measure is based upon 
the technology share proposed by the South African TIMES 
model (SATIM) model ‘upper bound’ scenario.

10.1.2	 Marginal Abatement Cost Curve

The identified mitigation potential for commercial and insti-
tutional buildings in South Africa is estimated at 7.5 million 
tCO2e in 2020 compared to the reference WEM emissions 
projection (equivalent to 13% of total projected emission). 
Several negative marginal abatement cost mitigation options 
are available to reduce emissions from commercial and in-

stitutional buildings, as shown by the MACC in Figure 33. 
Installation of HVAC with heat recovery in new buildings 
offers the most cost effective abatement measure followed 
closely by efficient lighting, energy-efficient appliances and 
HVAC equipment with variable speed drives. Construction 
of passive buildings with improved thermal design offers the 
largest single mitigation potential with the lowest marginal 
abatement cost.

In 2030, the priority order of measures remains the same 
compared to 2020 as all the measures are implemented at 
the same rate, as shown by Figure 34. The overall mitigation 
potential increases to over 15 MtCO2e/year, or 22% of the 
reference emissions projection.

Again, the order of marginal abatement costs in 2050 is the 
same as in 2030, as shown in Figure 35. Fuelled by both the 
growth in buildings and reference emissions, and by the in-
creases in uptake of mitigation technologies, the overall mit-
igation potential increases to over 43 million tCO2e/year or 
45% of the reference emissions projection.

The total mitigation potential for residential buildings from 
2010 to 2050 is estimated at 432 million tCO2e compared 
to the WEM reference scenario or 15% of total emissions.
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Figure 33:	 Commercial/institutional buildings MACC for 2020

Figure 34:	 Commercial/institutional buildings MACC for 2030
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Figure 35:	 Commercial/institutional buildings MACC for 2050

10.2	 Residential Buildings

10.2.1	 Key Assumptions

The assumed emissions reduction and energy saving potential 
for each mitigation measure included in the residential 
buildings MACC, together with references, are presented 
in Table 46. The assumed costs, technology availability and 
lifetime are listed in Table 47.

The assumed technology uptake in 2010, 2020, 2030 and 
2050 and other key assumptions are shown in Table 48. 
In the case of mitigation of emissions from the residential, 
commercial and institutional buildings sectors, the starting 
point, penetration rate and uptake of each measure, is based 
upon the technology share proposed by the South African 
TIMES model (SATIM) model ‘upper bound’ scenario.
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10.2.2	 Marginal Abatement Cost Curve

The identified mitigation potential in the residential building 
sector is 14.5 MtCO2e/year in 2020 compared to the refer-
ence WEM emissions projection (equivalent to 20% of total 
projected emission). Figure 36 shows there are a number of 
mitigation options available to reduce emissions from resi-
dential buildings in South Africa. The lowest marginal abate-
ment cost option is the installation of high-efficiency lighting 
and energy-efficient appliances in new and old buildings. The 
implementation of solar water heating, geyser blankets and 
improved insulation in new buildings also offer large potential 
savings at negative marginal abatement costs. Constructing 
passive buildings with improved thermal design has the larg-
est abatement potential and the lowest marginal cost over a 
lifetime of 30 years. 

The priority order of measures remains the same in 2030, as 
shown by Figure 37. The overall mitigation potential increases 
to over 23 million tCO2e/year compared to the reference 
WEM emissions projection (equivalent to 29% of total pro-
jected emission.

Figure 38 shows that again, the order of marginal abatement 
costs in 2050 remain the same. With the continued uptake 
of mitigation technologies, the overall mitigation potential in-
creases to over 42 million tCO2e/year or 46% of the refer-
ence emissions projection. 

The total mitigation potential for residential buildings from 
2010 to 2050 is estimated at 703 million tCO2e compared 
to the WEM reference scenario or 22% of total emissions.

Figure 36:	 Residential buildings MACC for 2020
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Figure 37:	 Residential buildings MACC for 2030

Figure 38:	 Residential buildings MACC for 2050
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11.	 Mitigation Potential from Other 
Sectors

The other sectors include the pulp and paper production 
industry. MACCs have been development for pulp and paper 
production in 2020, 2030 and 2050.

11.1	 Pulp and Paper

11.1.1	 Key Assumptions

The assumed emissions reduction and energy saving potential 
for each mitigation measure included in the pulp and paper 
production MACC together with references are presented in 
Table 49. The assumed costs, technology availability and life-
time are listed in Table 50. The assumed technology uptake in 
2010, 2020, 2030 and 2050 and other key assumptions are 
shown in Table 51.

For the objective of reducing emissions, the analysis assumes 
that a 45% switch from fossil fuels to zero-carbon residual 
wood waste and biomass fuels is technically possible by 2030 
(that is by 2030, 55% of fuel is from fossil sources and 45% 
is waste/biomass). The MACCs also assume that 300 MW of 
CHP is installed by 2030 (with 85% fuel utilisation/ efficiency).

Sector growth is assumed to be 3.8% per annum on average 
from 2010 to 2050 in line with the emissions projection as-
sumptions and the underlying macroeconomic model. 

11.1.2	 Marginal Abatement Cost Curve

The technical mitigation potential for the South African pulp 
and paper sector in 2020 is 2,423 ktCO2e/year or 32% com-

pared to the reference WEM emission projection. There are 
several mitigation options available, as shown in the 2020 
MACC in Figure 39. The implementation of advanced ener-
gy management system and energy efficient electric motors, 
improved controls and variable speed drives have negative 
abatement costs. However, their overall abatement potential 
is small. The most significant abatement measures available to 
the pulp and paper industry is the conversion of fuel from 
coal to biomass/residual wood waste in conjunction with the 
implementation of combined heat and power (CHP) systems 
to replace imported grid power. Both options have positive 
abatement costs with CHP the most expensive at over 1,400 
ZAR/tCO2e.

In 2030, the continued switching from coal to biomass and 
residual wood waste fuels and uptake of CHP increases miti-
gation potential 5,618 ktCO2e/year or 54% compared to the 
reference WEM emission projection, as shown in Figure 40.

The mitigation potential increases in absolute terms to over 
12 million tCO2e/year (influenced by the sector growth and 
increasing reference emissions), as shown by the 2050 MACC 
in Figure 41. However, in percentage terms, the mitigation 
drops slightly to 54% compared to the reference WEM emis-
sion projection. The fuel switch option from coal to biomass 
remains the largest mitigation opportunity. 

The total mitigation potential for pulp and paper production 
for 2010 to 2050 is estimated at 222 million tCO2e or 47% 
compared to the reference WEM emissions projection.
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Figure 39:	 Pulp and paper production MACC for 2020

Figure 40:	 Pulp and paper production MACC for 2030
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Figure 41:	 Pulp and paper production MACC for 2050
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11.2	 Marginal Abatement Cost Curves

Marginal abatement cost curves for the industry sector are 
summarised in Figure 42, Figure 43 and Figure 44 for 2020, 
2030 and 2050, respectively. Detailed abatement and mar-
ginal abatement costs for all measures are shown in Table 53. 
Identification numbers shown in the legends of the figures 
below may be used to look up details in Table 53.

In 2020, a total of 44,842 ktCO2e of abatement potential has 
been identified in the industry sector (Figure 42). The MACC 
curve illustrates that slightly more than 73% of the available 
mitigation potential (32.913 ktCO2e) can be achieved through 
measures which have negative marginal abatement costs (that 
is their marginal abatement cost, in R/tCO2e is negative).

In 2030, a total of 103,850 ktCO2e of abatement poten-
tial has been identified in the industry sector (Figure 43). 
The MACC curve illustrates that slightly more than 65% of 
the available mitigation potential (68,017 ktCO2e) can be 
achieved through measures which have negative marginal 
abatement costs.

In 2050, a total of 258,453 ktCO2e of abatement potential has 
been identified in the industry sector (Figure 44). The MACC 
curve illustrates that slightly more than 67% of the available mit-
igation potential (174,663 MtCO2e) can be achieved through 
measures which have negative marginal abatement costs.

Chapter IV: Summary

Figure 42:	 Marginal abatement cost curve for the industry sector in 2020
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Figure 43:	 Marginal abatement cost curve for the industry sector in 2030

Figure 44:	 Marginal abatement cost curve for the industry sector in 2050
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11.3	 Technical Mitigation Potential

A summary of technical mitigation potential in 2020, 2030 
and 2050 for all sectors and subsectors covered in the as-
sessment of the industry sector is shown in Table 52 below.

Estimates of mitigation potential for the industry sector have 
been calculated independently of changes in other sectors. 
In 2020, the metals sector accounts for just over one quarter 
of mitigation potential for the industry sector (12,249 ktCO2e, 
27%). This rises to 86,502 ktCO2e (33%) in 2050.

The proportion of total mitigation potential accounted for by 
the minerals sector rises from 3.5% in 2020 (1,553 ktCO2e) to 
8.5% (22,066 ktCO2e) in 2050. By comparison, the buildings 
sector contribution to total mitigation potential drops from 
49% (22 MtCO2e) in 2020 to 30% (85,668 ktCO2e) in 2050. 
The mining sector contribution to total mitigation potential is 
relatively stable, rising slightly from 12.5% (5,613 ktCO2e) in 
2020 to 17.7% (45,847 ktCO2e) in 2050.

Table 52:	 Summary of technical mitigation potential for the industry sector, including a breakdown by sector and subsector and showing results 
for 2020, 2030 and 2050 (ktCO

2
e)

Sector Subsector 2020 2030 2050

Metals

Aluminium production 844 3,045 11,445

Ferroalloys 5,579 13,407 30,392

Iron and steel 5,825 19,507 44,665

Subtotal 12,249 35,959 86,502

% Total 27.32% 34.63% 33.47%

Minerals

Cement 1,258 3,666 15,059

Lime 295 820 7,014

Subtotal 1,553 4,486 22,072

% Total 3.46% 4.32% 8.54%

Chemicals
Chemicals production 938 2,582 6,226

% Total 2.09% 2.49% 2.41%

Pulp and paper
Pulp and paper 2,423 5,618 12,137

% Total 5.40% 5.41% 4.70%

Other mining
Surface and underground mining 5,613 16,807 45,847

% Total 12.52% 16.18% 17.74%

Buildings

Residential 14,551 23,375 42,303

Commercial 7,515 15,023 43,365

Subtotal 22,066 38,398 85,668

% Total 49.21% 34.70% 30.30%

Total 44,842 103,850 258,453
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11.4	 “With Additional Measures” Projection

Assuming that all available mitigation measures are imple-
mented, the resulting ‘with additional measures’ abatement 
projection is shown in Figure 45. Note that emissions from 
the power sector have been reallocated to end-users and 
electricity-related emissions savings have been adjusted for 

the progressive reduction of carbon intensity of the electric-
ity supply over time. The total projected emissions savings 
in 2020, 2030 and 2050 (44.8, 103.9 and 258.5 MtCO2e) 
represent a reduction of the reference WEM emissions of 
30%, 52% and 63%, respectively.

Figure 45:	 ‘With additional measures’ scenario for the industry sector, showing a breakdown per sector. Emissions from the power sector have 
been reallocated to end-users and electricity-related emissions savings have been adjusted accordingly. Reference case WOM and WEM emission 
projections, which coincide, are also shown.

12.	 Impact Assessment of Individual 
Mitigation Measures

The impact assessment is undertaken using the multi-criteria 
analysis approach described in the main report. 

12.1	 Scoring of Each Measure in Relation to Agreed 
Criteria

The criteria for assessing each measure are applied consis-
tently across all sectors with the scoring and weighting op-
tions described in the main the report. Two methods have 
been applied for scoring:

A quantitative assessment using the costs estimated for each 
measure and the economic models which provide figures for 

gross value added (the economic criterion) and jobs (part of 
the social criterion).

A qualitative assessment based on scoring by the Sector Task 
Team. 

Taking both quantitative and qualitative scores into consider-
ation for each criterion, points are allocated to each measure 
with the results for the ‘balanced weighting’ scenario shown 
in Table 54 below (zero is the worst result and 100 the best).

Measures in the buildings sector score highest due to the 
deemed relative low cost associated with their implementa-
tion compared to their high GHG abatement potential. This 
results in high positive economic and social impacts as well as 
non-GHG environmental benefits and relative ease of imple-
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mentability compared to other more complex technologies. 
These measures are followed in the main by cross-sector 
energy efficiency measures interspersed by measures which 
switch fuel or improve or replace production processes. One 
would expect that similar mitigation measures from differ-
ent sectors, such as industrial energy-efficiency retrofits and 
equipment replacement projects, would have similar scores 
across all categories (for example not just for abatement po-
tential and cost, but also for social impact, non-GHG environ-
mental benefits and implementability). However, in practice 
some generic measures score differently across sectors. This 
may be a result of the multiple input sources contributing to 
the overall MCA scoring process and of opposing individual 
opinions expressed in certain sectors.

Generally, those measures with a high positive marginal abate-
ment cost and a low score for implementability score worst 
under the MCA scoring criteria (for example CCS mea-
sures and cost intensive changes or replacements of locked 
in production processes). This could be due to uncertainty 
about future technologies which are commercially unproven 
in South Africa and their perceived level of installation and 
operational complexity. As many proposed mitigation tech-
nologies are being led by research and development pro-
grammes elsewhere in Europe, Asia or North America, they 
might appear to score low in terms of social benefits as the 

mitigation technologies and the required skills are expected 
to be imported. However, several South African multinational 
companies are involved in global initiatives that could have 
local technology and skill benefits in mining, metals, chemicals 
and minerals, and, as a result, could nurture social benefits not 
included in the analysis.

12.2	 Net Benefit Curve

The concept of net benefit is described in the main body of 
the report. In the case of the ‘balanced weighting’ scenario the 
net benefit curve is shown in Figure 46 below.

The amount of CO2e which can be mitigated for each mea-
sure, for the full period from 2010 to 2050, is shown on the 
horizontal axis. According to the graph, slightly less than 4.2 
GtCO2e of abatement potential is available from the industry 
sector over the next 40 years. In order to maximise the net 
benefit (as determined by the MCA analysis), the measures 
should be implemented in order from left to right as they 
appear in Figure 46. Please refer to Table 54 for details on 
each measure. The measures are listed in the table in order 
of their identification number with the overall scores assigned 
under the ‘balanced weighting’ option indicated (among other 
variables from the MCA model).

Figure 46:	 Net benefit curve for the Balanced Criteria scenario for the Industry sector.
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