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ABSTRACT 

South Africa has several policy interventions to reduce atmospheric emissions to ensure the 

constitutional right ‘….to an environmental that is not harmful to their health and well-being’. 

Yet the constitution also promotes ‘…justifiable economic and social development’ in the same 

sentence. A Cost Benefit Analyses (CBA) was done to compare the Cost of emission 

abatement to the potential health Benefits associated with these policy interventions. 

Six expanded areas were selected namely Vaal Triangle Airshed Priority Area (VTAPA), 

Highveld Priority Area (HPA), Waterberg District Municipality (WDM), Cape Town (CPT), 

eThekwini (ETK) and ZF Mgcawu District Municipality (ZDM); these areas house 44% of the 

South African population. The Baseline scenario modelled emission source categories from 

five major sources: domestic fuel burning, mines, industry, vehicles and biomass burning. An 

emissions inventory from these sectors for 2013-2015 was used as a business as usual (no 

interventions) baseline inventory of emissions. Next, a Future scenario was modelled for 2030 

where several existing interventions were successfully implemented for each sector. These 

interventions include for example, the 2020 Minimum Emission Standards for industry and 

gradual decommissioning of old plants by 2030, electrification and solar water heating to 

reduce domestic fuel burning, dust suppression at mines and implementation of clean fuel 

strategies for vehicles. The difference between the Baseline scenario and Future scenario 

provided the basis for this CBA. Only impact on ambient air quality was modelled and the 

study excluded the impact of domestic fuel burning on indoor air quality health (separate 

studies exist) and environmental impacts. The potential Benefit from reduced mortality and 

morbidity (cardiovascular and respiratory hospital admissions) from PM2.5 and SO2 was 

converted in monetary terms, using a value of statistical life based on demographics 

(methodology based on education levels in every ward studied) of people in each of the areas 

modelled. This period of 10 years was selected to calculate the potential health Benefit that 

was compared to the Cost of emission reduction in all sectors, to allow enough time to 

implement Future scenario interventions by 2030.  

These proposed investments in emission reduction will result in direct health benefits such as 

reduced mortalities and morbidities over 10 years. The Benefits include avoidance of 16 689 

deaths (less mortalities) with a total monetary benefit of R 16.1 billion if the Future Scenario 

plans are implemented. For morbidity, a total of 81 032 morbidity cases (hospitalization) can 

be prevented by implementing the Future scenario interventions; with a total monetary benefit 

of R 2.1 billion. Combining these modelled mortality and morbidity figures, over a period of 10 

years, 97 721 less people will be affected by ambient air pollution and R 18.2 billion Benefit 

will accrue, if emission reduction strategies are successfully implemented.     
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The 10-year costs of all these emission reduction interventions are overshadowed by the cost 

to reduce industrial emissions. Depending on technology choice, wide spread use of Flue Gas 

Desulphurisation (FGD) as recently installed in Kusile power plant can cost R 218.2 billion; yet 

Direct Sorbent Injection (DSI) can cost R 62.5 billion (both capital and 10 year operations costs 

inlcuded). Using the DSI technology option, a total cost of R 92.4 billion is required to reduce 

emissions in all sectors in all areas, with 11.4 billion required to reduce Domestic Fuel Burning.  

 

The modelled total cost of R 92.4 billion to reduce emissions remains substantial, compared 

to the health benefit value of R 18.2 billion; yet these economic values have to be compared 

to the 97 721 people life’s affected. Comparing the Benefit and Cost, results indicate that over 

a 10-year period following implementation of policies by all sectors, by 2030 for every Rand 

invested today in emission reduction; the health benefits add up to 7.3 cents using FGD, which 

improves to 19.7 cents when using DSI as a technology of choice. Values also vary for each 

area- in VTAPA and HPA the Benefit Cost is 20.4 and 31.1 cents respectively, for every Rand 

spent. In ETK and CPT the return on investment is only 3.8 and 3.2 cents per Rand invested, 

while in the WDM and ZDM areas the benefits are negligible (2016 values). For all areas 

combined, every Rand invested results in 7.3 cents health benefits when FGD is used to 

reduce industrial emissions, and the return improves to 19.7 cents per Rand invested when 

DSI technology is used. 

 

In conclusion, both health Benefits and Cost of emission reduction differ significantly for each 

area and for each emission source category. Priority of policy interventions can be 

reconsidered to optimize value to both the economy and affected people of South Africa. Since 

the study was limited to the economic impact of ambient air pollution improvements on human 

health only, the CBA did not consider the substantial side-benefits to improve indoor air quality, 

reducing domestic fuel burning, nor the benefit to broader society and the natural environment. 

Alternative methodologies than education to value statistical life in the economy, can close the 

gap between Benefit and Cost.  
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EXECUTIVE SUMMARY 

To understand the role that environmental legislation and economics play in everyday life 

decision making, the Department of Environmental Affairs (DEA) embarked on a Cost Benefit 

Analysis (CBA) study. The main objective of the study, and subsequently this report, is to 

understand the cost and benefits of air quality management in South Africa. More specifically, 

the aim is to understand the monetary benefits achieved from reduced health costs; for every 

Rand spend on emissions reduction to improve air quality. This is the first attempt to conduct 

a Cost Benefit Analyses (CBA) covering major industrialised regions, as well as a control 

region in South Africa. 

Despite an impressive legal framework on environment in South Africa, decision-making to 

implement legislation is often marred by trade-offs between development, finances available, 

resources to implement action and other competing priorities. Prioritisation of actions assisted 

by a CBA compares the Cost to reduce pollution to the health Benefits that can be obtained 

from those actions.  

Methodology 

The analytical methodology applied in this study follows examples of CBA studies done in a 

number of countries such as the USA, the Netherlands and Australia. Only two studies with a 

limited focus on emission sectors have been conducted in South Africa as yet. Due to the lack 

of available national emissions data and modelling capabilities, the study was not done at a 

national level. Instead, six areas were selected for the study which makes this study the largest 

of its kind. The areas gave an indication of air quality in two highly and one mildly polluted 

inland areas, two coastal areas and one pristine inland area. This was done in an attempt to 

give a representation of the national state of air quality. The following areas were selected for 

the study: 

1. Vaal Triangle Airshed Priority Area (VTAPA), including the City of Johannesburg 

(highly polluted);  

2. Highveld Priority Area (HPA), including City of Tshwane (highly polluted); 

3. Waterberg District Municipality (WDM) (mildly polluted); 

4. City of Cape Town (CPT) (coastal);  

5. City of eThekwini (ETK) (coastal); and 

6. ZF Mgcawu District Municipality (ZDM) in the Northern Cape Province (pristine area). 

These areas were selected for both pollution and geographic representability. As can be seen 

from the description of the areas, the modelled areas were larger than the promulgated priority 
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areas of VTAPA, HPA and the WDM. To understand the costs of air pollution reduction versus 

the health benefits of such reduction, the significance of both was determined. As a result, a 

comparison of two distinct scenarios was required i.e. Baseline scenario which is the 

continuing with business as usual (no interventions); and Future scenario that is an 

intervention scenario and assumes successful implementation of various policy interventions 

as shown in Table E1. 

Table E1 presents the Emission sources, Baseline scenario and Future scenarios that were 

used for the study, from available annual emission data. 

Table E1 Emission sources and scenarios considered  

Emission source Baseline scenario 

2013-2015 

Future scenario 

2030 

Industrial emissions Model included newly built 

plants Medupi (in WDM) 

and Kusile (in HPA) and 

power generation projects 

in EIA phase 

All industries comply to Section 21, 

2020 Minimum Emission 

Standards (MES) and Eskom 

decommissioned its plants as 

scheduled by 2030 (DME, 2014) 

Domestic Fuel 

Burning 

Emissions data modelled The DEA Strategy to Address Air 

Pollution in Dense Low-Income 

Settlements (DEA, 2016) is fully 

implemented to achieve 75% 

reduction in emissions 

Mining emissions Emissions from roads and 

stockpiles modelled 

All mines implement abatement 

systems that achieve 30% 

reduction in PM10 emissions 

Vehicle emissions Major and minor routes 

emissions modelled  

The DEA Clean Fuel 2 strategy 

(DEA, 2017) is fully implemented 

Biomass burning Emissions data modelled No change projected as no 

specific policies exist to reduce 

emissions 
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The methodology for the study used the impact pathway approach whereby the impacts of 

emissions are firstly quantified using dispersion modelling from the sources, described in 

Chapter 3. The dispersion modelling was conducted based on the two scenarios of the project 

i.e. the Baseline scenario and the Future scenario.  

For the Baseline scenario, the period 1 January 2013 to 31 December 2015 was used. The 

Baseline scenario means continuing with business as usual with no interventions. The 

Baseline scenario already included the Eskom Kusile and Medupi plants, as well as upcoming 

power generation related projects that advanced to the EIA application stage.  

The Future scenario is the intervention scenario where lower emission inventories were 

achieved by 2030 and are described in more detail in Table E1 and elaborated on in Chapter 

3. 

For each of the six areas the Baseline scenario and Future scenario were modelled through 

meteorological modelling, dispersion modelling, post processing and combination modelling. 

Note that the modelling was done on a significantly larger area than the promulgated priority 

areas of VTAPA, HPA and WDM. As a result, the larger Johannesburg and Tshwane/ Pretoria 

areas were also included since they both influence the air quality in VTAPA and HPA 

respectively, and conversely the surrounding areas impact health of populations in these 

cities. The key pollutants considered for modelling was SO2; SO4
2-; NO2; NO3 and PM10 (from 

which SO2 and PM2.5 health impacts were derived). 

For each area and each emission source, the human health effects from ambient SO2 and 

PM2.5 exposure were calculated in terms of mortalities and morbidities and reported in Chapter 

4, on the delta or change between the two scenarios (Baseline and Future). Cumulative annual 

health impacts for each area were calculated and considered mortality from annual PM2.5 

exposure, and cardiovascular and respiratory (morbidity) effects from both short term SO2 and 

PM2.5. Impacts on vulnerable groups – children and elderly - were calculated separately.  

The economic valuations of human health effects are described in more detail in Chapter 5 

and include a methodology for the statistical value of life (mainly based on education levels to 

calculate economic contributions) and the cost of hospitalisation.  The abatement cost for each 

source category is outlined in Chapter 6 and for example, includes the calculation approach 

followed for the reduction of Domestic Fuel Burning emission abatement including 

combinations of increasing electrification and solar water heating options, reduction of dust 

from mines, reduction of industrial emissions (Low NOx burners, Flue Gas Desulphurisation 

or Dry Sorbent Injection, and Fabric Filters). Lastly, Chapter 7 compares the Costs (of 

abatement) to the Benefits (to health). For the Future scenario, a period of 10 years was 
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selected to model the cost and benefit of interventions, to allow enough time from the Baseline 

modelling period to implement Future scenario interventions. 

The following is a brief description of the cost benefit results for the six areas, to demonstrate 

the CBA findings. Note that regions differ materially in the cost benefit results and hence the 

reader is referred to the regional details in Chapter 7 of the full report. The Benefit Cost results 

for each emitting sector are summarized in Table E6 for all areas studied. 

Results 

The potential Benefit associated with reduced health impacts are presented for both mortality 

(deaths) and morbidity (hospitalization due to cardiovascular and respiratory admissions); 

both values are next expressed in the associated value in ZAR. The results are presented for 

all areas combined. Since the main emission sources contributing to mortality and morbidity 

differed in each area, the detailed results can be found in Chapter 7. 

Mortality number of cases and associated benefits if avoided: Table E2 presents the 

number of mortality cases and associated cost due to domestic fuel burning, mining, industries 

and vehicles for all areas.  

Table E2 Mortality Case Numbers per source and associated Benefit if prevented in All 

Areas (10 years) 

Emission Source  Mortality 

cases 

(Number) 

Benefit if 

avoided 

(Rand million)  

 

Domestic Fuel 

Burning 

 108 145  

Mines  12 451 11 859  

Industrial   2 084 2 011  

Vehicles  2 046 2 032  

TOTAL  16 689 16 046  

 

Over a period of 10 years, a total of 16 689 cases of mortality with a benefit of R 16.1 billion 

Rand will be achieved if the Future Scenario plans are implemented by 2030.  
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Morbidity number of cases and associated benefits: The study calculates the morbidity 

benefit of ambient air quality by quantifying the cost of treating hospitalisation cases that have 

been identified in the health impact assessment. The health impact assessment of this study 

calculated the number of hospital admissions because of ambient air pollution per year arising 

from PM2.5 and SO2 generated by domestic fuel burning, mining, industries and vehicles, that 

cause cardiovascular and respiratory diseases.  

Table E3 presents the morbidity benefits in monetary terms that could be realised over 10 

years, if the level of ambient air quality in the Future Scenarios was improved to prevent 

treatment for cardiovascular diseases and respiratory diseases, using the World Health 

Organisation values.  

Table E3 Morbidity numbers Benefit from reduced emissions in all areas (10 years) 

 
Cardiovascular 

Admissions  

(PM2.5) 

Respiratory 

Admissions 

(PM2.5) 

Respiratory 

Admissions 

(SO2) 

TOTAL 

Admissions 

Domestic Fuel Burning 299 836 748 1 883 

Mines 13 454 38 664 0 52 118 

Industrial  2 822 8 050 4 510 15 382 

Vehicles 2 851 8 046 752 11 648 

Total 19 426 55 596 6 010 81 032 

 

Table E4 Morbidity monetary Benefit from reduced emissions in all areas (10 years) 

 
Cardiovascular Cost  

Rand million p.a. 

(C1) 

Respiratory Cost  

Rand million p.a. 

(C2) 

Total 10 yr. Cost 

Rand million 

(C1+C2) x 10 yr 

Domestic Fuel Burning R 3 R 1 R 37 

Mines R 114 R 30 R 1 432 

Industrial  R 24 R 10 R 335 

Vehicles R 24 R 7 R 308 

Total R 164 R 47 R 2 112 
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A total of 81 032 morbidity cases (hospitalization) that can be saved by implementing the 

Future scenario interventions, amount to the total Benefit of R 2.1 billion Rand over 10 years; 

with the major benefit observed from dust suppression in mines at a minimal cost of only R 

0.3 billion. 

Costs associated with emissions reduction: The cost of emissions abatement in all 

emitting sectors are presented in Table E5, with a brief description of the associated 

intervention.   

Table E5 Cost of Interventions to achieve Future Scenario for All Areas 

Emitting 

sector 

Intervention Cost (R) 

million 

Domestic Fuel 

Burning 

Electrical cooking and lighting, LPG space heating and Solar Water Heating 

(Option 3) 

R 11 422 

Mines Treatment of mine haul roads for dust control (10Km) R 258 

Industry Install Flue Gas Desulphurisation (FGD) in boilers (>50MW thermal capacity)  

OR  

Install Dry Sorbent Injection (DSI) in boilers (>50MW thermal capacity) 

R 218 203 

 

R 62 455 

Installation of Fabric Filters R 11 529 

Installation of Low NOx Burners  R 6 733 

TOTAL Capital cost and operating cost (incl. FGD option) R 248 145 

TOTAL Capital cost and operating cost (incl. DSI option) R 92 396 

 

The total cost for implementing interventions in all sectors to achieve the Future scenario in 

all areas adds up to R 92.4 billion for the DSI option; and R 248.2 billion for the FGD option). 

The cost includes both capital and operating cost of abatement over a period of 10 years. The 

executive summary table of the Benefit Cost ratio results for all areas, over a period of ten 

years are presented in Table E6. 
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Table E6 Executive Summary of Benefit Cost Ratio results for all areas (10 years) 

  

MITIGATION 

COST (Rm)

No. of 

Cases

Potential 

Mortality 

Benefits 

Realised 

(Rand 

Millions)

No. of 

Cases

Potential 

Morbidity 

Benefits 

Realised 

(Rand 

Millions)

 

Domestic Fuel Burning 10 R 10 181 R 2 191 R 11.71 R 598 0.0196

Mining 970 R 923 4 683 R 128 5 653 R 1 050.27  R 21 50.4546

Industry (incl. FGD option) 3 R 3 149 R 2 152 R 4.63  R 17 392 0.0003

Industry (incl. DSI option) 3 R 3 149 R 2 152 R 4.63  R 9 959 0.0005

Implement Wet FGD 11 073

Implement DSI 3 641

Installation of fabric filters 3 652

Installation of Low NOx Burners 2 667

Vehicles 1 000 R 951 5 224 R 139 6 224 R 1 090.14 N/A N/A

SUB-TOTAL (incl. FGD option) 1 983 R 1 886 10 237 R 271 12 220 R 2 157 R 18 010 0.1198

SUB-TOTAL (incl. DSI option) 1 983 R 1 886 10 237 R 271 12 220 R 2 157 R 10 578 0.2039

Domestic Fuel Burning 93 R 88 669 R 11 762 R 98.98 R 5 289 0.0187

Electrical cooking and lighting 1 203

LPG space heating 1 716

Solar Water Heating 2 370

Mining 11 468 R 10 907 47 103 R 1 295 58 571 R 12 201.56 R 150 81.0782

Industry (incl. FGD option) 2 077 R 1 975 14 045 R 320 16 122 R 2 294.89  R 115 615 0.0198

Industry (incl. DSI option) 2 077 R 1 975 14 045 R 320 16 122 R 2 294.89 R 44 570 0.0515

Implement Wet FGD 105 370

Implement DSI 34 325

Installation of fabric filters 7 056

Installation of Low NOx Burners 3 189

Vehicles 1 033 R 983 5 595 R 146 6 628 R 1 128.37 N/A N/A N/A

SUB-TOTAL (incl. FGD option) 14 671 R 13 953 67 412 R 1 771 82 083 R 15 724 R 121 054 0.1299

SUB-TOTAL (incl. DSI option) 14 671 R 13 953 67 412 R 1 771 82 083 R 15 724 R 50 010 0.3144

Domestic Fuel Burning 0 R 0 2 R 0 2 R 0.08 R 838 0.0001

Mining 11 R 10 40 R 1 51 R 11.20 R 44 0.2558

Industry (incl. FGD option) 0 R 0 99 R 1 99 R 0.76  R 99 045 0.0000

Industry (incl. DSI option) 0 R 0 99 R 1 99 R 0.76 R 23 321 0.0000

Implement Wet FGD 98 438

Implement DSI 22 715

Installation of fabric filters 370

Installation of Low NOx Burners 237

Vehicles 3 R 3 17 R 0 21 R 3.65 N/A N/A N/A

SUB-TOTAL (incl. FGD option) 14 R 13 158 R 2 172 R 16 R 99 926 0.0002

SUB-TOTAL (incl. DSI option) 14 R 13 158 R 2 172 R 16 R 24 203 0.0006

Domestic Fuel Burning 4 R 37 811 R 22 815 R 59.10 R 3 103 0.0190

Mining 1 R 11 280 R 8 281 R 18.99 R 27 0.7008

Industry (No DSI nor FGD) 0 R 2 40 R 1 40 R 2.97  R 421 0.0071

Implement Wet FGD 0

Implement DSI 0

Installation of fabric filters 18

Installation of Low NOx Burners 404

Vehicles 2 R 21 475 R 13 477 R 33.83 N/A N/A N/A

SUB-TOTAL (No DSI nor FGD) 8 R 71 1 606 R 44 1 614 R 115 R 3 551 0.0324

Domestic Fuel Burning 1 R 10 221 R 3 222 R 12.04 R 1 414 0.0085

Mining 1 R 8 12 R 1 13 R 8.97 R 9 1.0107

Industry (incl. FGD option) 3 R 31 1 050 R 11 1 053 R 41.91  R 3 992 0.0105

Industry (incl. DSI option) 3 R 31 1 050 R 11 1 053 R 41.91 R 2 445 0.0171

Implement Wet FGD 3 322

Implement DSI 1 775

Installation of fabric filters 433

Installation of Low NOx Burners 237

Vehicles 8 R 74 335 R 10 343 R 84.18 N/A N/A N/A

SUB-TOTAL (incl. FGD option) 13 R 123 1 617 R 24 1 630 R 147 R 5 415 0.0272

SUB-TOTAL (incl. DSI option) 13 R 123 1 617 R 24 1 630 R 147 R 3 868 0.0380

Domestic Fuel Burning 0.001 R 0 0.290 R 0 0 R 0.03 R 181 0.0002

Mining 0.007 R 0 0.071 R 0 0 R 0.01 R 7 0.0010

Industry (incl. FGD option) 0.002 R 0 0.013 R 0 0 R 0.00  R 0 0.0000

Industry (incl. DSI option) 0.002 R 0 0.013 R 0 0 R 0.00  R 0 0.0000

Implement Wet FGD 

Implement DSI 

Installation of fabric filters

Installation of Low NOx Burners 

Vehicles 0.014 R 0 2.000 R 0 2 R 0.04 N/A N/A N/A

SUB-TOTAL (No DSI nor FGD) 0.0 R 0 2.4 R 0 2 R 0 R 188 0.0004

TOTAL (incl. FGD option) 16 689 R 16 046 81 032 R 2 112 97 721 R 18 158 R 248 145 0.0732

TOTAL (incl. DSI option) 16 689 R 16 046 81 032 R 2 112 97 721 R 18 158 R 92 396 0.1965

ZDM

AREA EMITTING SECTORS

TOTAL 

BENEFITS 

(Rand 

Millions)

TOTAL 

COST 

(Rand 

Millions)

B/C RATIO

MORTALITY BENEFITS MORBIDITY BENEFITS
TOTAL 

BENEFITS 

(Mortality 

plus 

morbidity 

cases)

VTAPA

HPA

WDM

CPT

ETK
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All areas Future scenario - Cost benefit net result over 10 years 

Benefit (+) 
 

R 18 124 million 

- Mortality 16 689 people benefit R 16 046 million  

- Morbidity 81 032 people benefit R  2 112 million 

Cost (-)  R 92 396 million 

- Domestic Fuel Burning (Opt 3) R  11 422 million 

- Mines (10 Km)  R      258 million 

- Industries (DSI option)  R  80 717 million 

Benefit to Cost ratio  

 

0.20 (twenty cents benefit 

for every Rand invested in 

reducing air pollution) 

 

The results of the cost benefit analysis for the Future scenario shows that the benefit to society 

equates to twenty (20) cents for every Rand invested on interventions to reduce air pollution 

in all six areas studied, over a 10 year period. The equivalent benefit cost using the FGD 

option to reduce emissions, reduces the health benefit to only seven (7) cents per Rand spent. 

Conclusions 

The Benefit Cost ratio compares the total Cost to reduce pollutants from all sources, to the 

total Benefit to health (both morbidity and mortality). Hence, the health Benefits are expressed 

in cents for every Rand Cost that is spent to reduce the emissions. Figure E6 presents the 

Benefit Cost ratio for all areas studied. 
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Figure E1 Benefit/Cost Ratios for All Study Areas  

The results indicate the areas that show the most promising results to focus initiatives on from 

a CBA perspective (Fig. E1). The B/C ratio for VTAPA (20 cents) and HPA (31 cents) indicate 

a better return on investment compared to CPT (3 cents) and ETK (4 cents) for every Rand 

invested. The use of FGD roughly halves the B/C ratio due to high cost of the technology. 

However, the emission sources of concern vary significantly between the areas. For example, 

the VTAPA and HPA priority areas benefit most from reduction in mining road dust, while in 

CPT, domestic fuel burning and vehicle emission reduction makes the largest contribution to 

the cost benefit. A regional approach makes therefore sense to find the most valuable 

interventions to reduce air pollution, per area. 

Recommendations 

The study makes the following recommendations. 

 In highly polluted areas such as HPA and VTAPA, options to reduce emissions result 

in reduction of close to 50% mortality cases. Further optimization of the options is now 

possible as illustrated by the example of the sensitivity case, based on an offset model. 

High capital costs of abatement infrastructure needed in the industrial sector make 
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some options less attractive and as a result an alternative technology was also 

considered.    

 The largest number of areas (HPA, VTAPA, ETK, WDM) indicate the importance of 

source categories vehicles and mines, which provide low hanging opportunities. 

Particularly reducing mining emissions yield up to R81 benefit in some areas for every 

Rand invested at a relatively low cost. 

 Addressing domestic fuel burning will result in major health co-benefits associated with 

indoor air pollution and other environmental benefits. Hence, it is recommended that a 

supplementary study is conducted to combine the socio-economic impacts of indoor 

air pollution and the extent to which the cleaner fuel interventions presented in this 

study helps to reduce health outcomes associated with indoor air pollution. 

 

Limitations 

 

Every modelling study is limited by the boundaries imposed on the study and CBA is no 

exception. For example, several CBA methodologies exist to value a statistical life and for 

South Africa that figure can differ by a twenty-fold factor. The CBA study only considered 

ambient air quality impacts on human health; however indoor air quality impacts will also result 

and is recommended as an area for further research. Furthermore, the modest financial benefit 

obtained from reduced air pollution also does not consider the knock-on effects to family and 

society members when a bread winner is impacted by morbidity or mortality, especially in poor 

households. 

In addition, other pollutants such as benzene, lead and mercury, and secondary pollutants 

such as ozone, although perceived to be less of a concern, were not addressed in this study. 

The impact of PM on cancer was not quantified due to a lack of sufficient information. 

Environmental impacts for example acidification and damage to buildings was not calculated 

in the study. 

Another limitation of the study pertains to the assumption that the cost of vehicle emissions 

reduction in South Africa is driven by two factors by 2030. Firstly by the introduction of cleaner 

fuels as required by new vehicle manufacturers’ demands; and secondly by the introduction 

of new Euro 5 specification vehicles as old specification Euro 2 and 3 vehicles are phased out 

and are not available anymore on the international markets to buyers. The reduction in vehicle 

emissions, driven to a lesser extent by policy than international technological developments, 

results in both fuel and vehicle costs borne by future vehicle owners and refiners; both which 

have to produce cleaner products as technologies advance. Although these technology 
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advancements in fuels and vehicles are partially driven by international environmental 

concerns, the South African market has no choice but to follow these trends and hence the 

costs are excluded from this CBA; as expenses are sunk and inevitable over time. The cost of 

implementing the Cleaner Fuels 2 strategy was excluded; similarly, the cost of additional end-

of-pipe treatment on cars as a fraction of a full vehicle cost, cannot be separated for purposes 

of this CBA, as new vehicles are offered as a package with exhaust emission controls 

included.  

Lastly, the Value of a Statistical Life (VSL) can be calculated in many ways and this study 

used an established method based on level of education (adjusted for age, gender, discount 

rate) in every ward from Stats SA 2016 data, to determine the potential economic benefit if 

mortalities (deaths) are prevented. However, literature varies widely and a sensitivity analyses 

shows that the VSL can be between 5-fold and 50-fold higher, depending on methodologies. 

As a result, the benefit can outweigh the cost, using these alternative methodologies.  
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INTRODUCTION 

The Constitution of the Republic of South Africa recognises environmental rights and provides 

that everyone has the right to1:  

 An environmental that is not harmful to their health or well-being; and to 

 Have an environment protected, for the benefit of present and future generations, 

through reasonable legislative and other measures that prevent pollution and 

ecological degradation, promote conservation; and secure ecologically sustainable 

development and use of natural resources while promoting justifiable economic and 

social development.  

A number of Acts promulgated gave effect to the provision of Section 24 of the South African 

Constitution, specifically the National Environmental Management Act (NEMA) No. 107 of 

1998 and Specific Environmental Management Acts (SEMAS)2. 

The National Environmental Management: Air Quality Act, 2004 (Act 39 of 2004) was 

promulgated by the South African Government to meet the requirements of Section 24 of the 

Constitution. Implementation of this Act has been difficult due to other important issues such 

as economic growth, job creation and alleviating poverty. Issues competing for resources 

include areas such as human capital, technology and finances.  

The Air Quality Act (NEM:AQA) was passed to achieve to following objectives:  

 To protect the environment by providing reasonable legislative and other measures 

for: 

(i) protection and enhancement of air quality in the Republic;  

(ii) prevention of air pollution and ecological degradation; 

(iii) securing ecologically sustainable development and use of natural resources while 

promoting justifiable economic and social development;  and 

 Give effect to everyone’s right ‘to an environment that is not harmful to their health and 

well-being’. 

Air quality limits and thresholds are fundamental to effective air quality management, providing 

the indicators to safe exposure levels for most of the population. Health based ambient 

                                                
1 The Constitution of the Republic of South Africa Act 108 of 1996, Chapter 2: Bill of Rights 

2 Specific Environmental Management Acts, all fall under the auspices of the overarching National Environmental Management 
Act (NEMA). To date five SEMA’s have been promulgated, with the most recent one being Waste Act in 2008. The full list of 
SEMA’s are: 
1. National Environmental Management: Protected Areas Act (57 of 2003), known as the NEM:PAA 
2. National Environmental Management: Biodiversity Act (10 of 2004), known as the NEM:BA  
3. National Environmental Management: Air Quality Act (39 of 2004), known as the NEM:AQA  
4. National Environmental Management: Integrated Coastal Management Act (24 of 2008), known as the NEM:ICM 
5. National Environmental Management: Waste Act (59 of 2008), known as the NEM:WA 
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standards have been developed for criteria pollutants internationally and locally. The current 

South African standards for PM10 and SO2 are outlined in Table I.1 and Table I.2. 

Table I.1The South African ambient air quality guidelines and standards for Sulphur 

Dioxide (SO2) 

AVERAGING 

PERIOD 
CONCENTRATION 

NUMBER OF EXCEEDANCES 

ALLOWED PER YEAR 

10 MINUTES 

 

500 µg/m3 (191 ppb) 526 

1 HOUR 

 

350 µg/m3 (134 ppb) 88 

24 HOURS 

 

125 µg/m3 (48 ppb) 4 

1 YEAR 

 

50 µg/m3 (19 ppb) 0 

 

Table I.2 The South African ambient air quality guidelines and standards for 

Particulate Matter (PM10) 

AVERAGING 

PERIOD 
CONCENTRATION 

NUMBER OF EXCEEDANCES 

ALLOWED PER YEAR 

10 MINUTES 

 

120 µg/m3 4 

1 HOUR 

 

75 µg/m3 4 

24 HOURS 

 

50 µg/m3 0 

1 YEAR 

 

40 µg/m3 0 

 

In addition, the Minister published a list of activities which results in atmospheric emissions 

which have or may have a significant detrimental effect on the environment, including 

health, social conditions, economic conditions, ecological conditions or cultural heritage 

published under Government Notice No. 248, Gazette No. 33064 dated 31 March 2010, in 

terms of section 21(1) (b) of the National Environmental Management: Air Quality Act, 2004 

(Act No. 39 of 2004). The list was amended under Government Notice No. 893, Gazette 

No.37054 dated 22 November 2013. 
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The notice contains Minimum Emissions Standards (MES), which identify pollutants and the 

associated emission limit values for any person undertaking a listed activity or activities. The 

MES contains interim emission standards for existing plant, as well as stricter standards to be 

met by 2020. Initial postponements were allowed which allows for later implementation 

according to the timelines of this CBA. To meet the MES a person undertaking a listed activity 

or activities might be required to install abatement systems, but the high costs have been a 

bone of contention with the industry ever since publication.  

Likewise, other policies and standards were announced for clean fuels and domestic fuel 

burning, which will be discussed later.  

Despite an impressive legal framework on environment in South Africa, decision-making to 

implement legislation is often marred by trade-offs between development, finances available, 

resources to implement action and other competing priorities. Prioritisation of actions could be 

assisted by a Cost Benefit Analyses that compares the cost to reduce pollution to the health 

benefits that can be obtained from those actions. 

The study followed the impact pathway approach, following the example of CBA studies done 

in a number of countries such as the USA, the Netherlands and Australia. This approach 

follows a pollutant from where it is emitted, to where its impact is. Dose-response functions 

are then used to evaluate impacts, considering the affected population.  

The major steps in this process are: 

 Quantification of emissions at Baseline scenario and a Future scenario where different 

policy/program measures are implemented (described in Chapter 2); 

 Dispersion modelling of projected emissions for the Baseline scenario and for the Future 

scenario with different policy/program measures implemented (Chapter 3); 

 Quantification of health effects associated with the changes (improvements; reductions) 

in the concentration of ambient air pollutants once the different policy/program measures 

are implemented (Chapter 4); 

 Monetary valuation of the health effects associated with changes in the ambient air 

pollution concentration (Chapter 5); 

 Costing of the emission abatements costs to reduce emissions from Baseline to Future 

scenario levels (Chapter 6); and 

 Comparison of Cost of abatement to Benefit to health if policy/program measures are 

implemented (Chapter 7). 

The method employed is focussed on the calculation of the change - from the Baseline 

business as usual scenario to a Future scenario with policy/program measures are 
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implemented. Based on this change, the Cost of the interventions can be compared to the 

commensurate health Benefits for the Cost Benefit Analyses. 

 

Figure I:1 The impact pathway approach to quantify the impacts of emissions on 

health of the population 

Estimation of pollutant emissions serves as the starting point for subsequent benefit and cost 

estimates. A comprehensive and accurate emission inventory, in combination with modelling, 

facilitates the effective characterisation of ambient air pollutant concentrations for an area. A 

focus was placed on three criteria pollutants; sulphur dioxide (SO2), nitrogen oxides (NOx) and 

particulate matter with an aerodynamic diameter of 10 microns or less (PM10). The health 

impact assessment was done using the fraction of PM10 that presents itself as PM2.5 which 

results in health impacts; and SO2 as primers. This is consistent with the approach used by 

the EPA and others. 

Emissions were projected for two different scenarios, for each of these pollutants in each of 

the areas studied: 
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1 Baseline scenario: scenario assuming “business as usual” that is with no interventions 

being implemented to improve the state of air quality. This scenario reflects what the state 

of air quality will be when the Act and other strategies aimed at reducing emissions are 

not implemented. 

2 Future scenario: scenario assuming full compliance to 2020 MES and decommissioning 

of old power plants by 2030 as scheduled for industries; reduction in domestic fuel 

burning, reduction in mines dust emissions and implementation of clean fuels strategies, 

all according to pre-defined strategies. This Future scenario reflects what the state of air 

quality will be if these emission reduction strategies are implemented. 

 

To understand the role that environmental legislation and economics plays in decision-making, 

the Department of Environmental Affairs (DEA) embarked on a Cost Benefit Analysis (CBA) 

study. The main objective of the study, and subsequently this report, is to understand the cost 

and benefits of air quality management in South Africa. More specifically, the aim is to 

understand the monetary benefits achieved from reduced health costs; for every Rand spend 

on emissions reduction to improve air quality. 
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CHAPTER ONE 

1. LITERATURE REVIEW 

1.1.1 RELATIONSHIP OF THIS REPORT TO OTHER ANALYSIS 

Cost Benefit Analyses have been conducted in many countries abroad and a few studies have 

been completed in South Africa on small areas. This is the first attempt to conduct a Cost 

Benefit Analyses (CBA) covering all the major industrialised areas, as well as a control 

(pristine) region in South Africa. 

1.1.2 INTERNATIONAL STUDIES 

Jalaludin et al. (2009) summarised and compared eight ambient air pollution studies that had 

been conducted across the world. Their summary provided information on how the studies 

were conducted, focusing on the following: 

 Ambient air pollutants used as primers for health endpoints; 

 Health effects quantified; 

 Concentration-response functions used; and  

 The monetary valuation of the health effects. 

From this summary, it was observed that: 

1. Although all CBA studies follow the same principle for determining health impacts, 

there is no standard way of calculating health impacts; 

2. The studies used different pollutants as primers for health effects, depending on 

objectives of the study and available information on health effects; and 

There are limited epidemiological studies in South Africa and therefore no concentration-

response functions specific to South Africa. 

1.1.3 NATIONAL STUDIES 

In 2007, a study conducted by Leiman et al., concluded that “most proposed industrial 

interventions failed a simple cost-benefit test”, and recommended that the most efficient 

interventions as they relate to health care costs, can be found at household level from a 

benefit-cost perspective. Subsequently, Steyn and Kornelius (2017) presented results of a 

cost and benefit study, focussing on SO2 emissions from industrial activities in the Highveld 



7 | P a g e  
 

only. Results indicated that the benefits of reducing SO2 is unlikely to outweigh the cost, using 

only the FGD technology option. 

1.1.4 AMBIENT AIR POLLUTANTS 

The ambient air pollutants used in the different international studies are listed in Table 1.1.2. 

(a). 

Table 1.1.4 (a) Ambient air pollutants (Jalaludin et al., 2009) 

Air 

pollutant 

Seethaler, 

1999 

US 

EPA, 

1999 

US 

EPA, 

2004 

Fisher 

et al., 

2005 

CAFE, 

2005 

Dec-05 BTRE, 

2005 

DEFRA, 

2006 

PM 
        

PM2.5 
     

  

 

PM10 
        

O3 
 

  

 

 

  

 

SO2 
 

 

     

 

NO2 
 

 

     

 

CO 
 

 

      

BENZENE 
   

 

    

Table 1.1.4 (a) shows that PM is the most common primer for the quantification of health 

effects, with PM10 used in most of the studies. Half of the studies were based purely on the 

effects of PM in the form of PM10, while studies that used PM2.5 evaluated the effects of other 

pollutants (mainly ozone). Table 1.1.2 (b) shows sources of pollutants in these studies- 

different sources of these pollutants were considered in each study, with transport/vehicle 

related sources of air pollution the most widely used source in CBA reports. The European 

study (CAFE, 2005) stated, “It is not practicable at this time for the HIA work of CAFE CBA to 

differentiate risks of ambient PM by composition, surface properties or source”; as 

concentration response, functions are not source-specific. 
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Table 1.1.4 (b) Source of ambient air pollutants (Jalaludin et al., 2009) 

CBA REPORT SOURCE OF POLLUTANTS 

DEFRA, 2006 Not source-specific (combined) 

FISHER ET AL., 

2005 

Pollution data by source (domestic home heating, vehicles, industrial 

& commercial) 

CAFE, 2005 Not source-specific (combined) 

DEC-05 Major sources (industrial & vehicles) 

BTRE, 2005 Transport-related ambient air pollution 

US EPA, 2004 Transport-related ambient air pollution 

US EPA, 1999 Transport-related ambient air pollution 

SEETHALER, 

1999 

Road traffic-related ambient air pollution 

 

1.1.5 HEALTH EFFECTS 

Ambient air pollution associated health effects, for all pollutants, are generally clustered into 

two broad categories; namely premature mortality and morbidity. The different reports 

employed different health endpoints/effects for each of the pollutants evaluated, based on the 

availability of incident data in the area of interest. 

The study conducted in England, Scotland, Wales and Northern Ireland (DEFRA, 2006) is the 

only report post the US EPA’s 1999 study that used SO2 as a primer. It is also the only report 

that used both long-term and short-term premature mortality for PM, while other reports only 

quantified long-term mortality.  

The most common effect associated with ozone, in the four reports where ozone was 

evaluated, was respiratory hospital admissions with the US EPA reports (1999, 2004) 

quantifying the short-term effect of ozone on premature mortality.  

A summary of the health effects associated with the different ambient pollutants presented in 

Table 1.1.5 below.  
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Table 1.1.5 Quantified health effects associated with ambient air pollution (Jalaludin et 

al., 2009) 

CBA 

REPORT 

MORTALITY MORBIDITY 

Chronic 

mortality 

Acute 

mortality 

Infant 

mortality 

Chronic 

bronchitis 

Respiratory 

hospital 

admissions 

Cardiovascular 

hospital 

admissions 

Emergency 

room visits 

for asthma 

DEFRA, 

2006   

  
  

 

FISHER 

ET AL., 

2005 

 

  
   

 

CAFE, 

2005       

 

DEC-05 

 

  
   

 

BTRE, 

2005  

  
   

 

US EPA, 

2004  

 
     

US EPA, 

1999  

  
    

SEETHAL

ER, 1999  

  
   

 

 

1.1.6 CONCENTRATION RESPONSE FUNCTIONS (CRFS) 

Concentration Response Functions (CRFs) determined through local epidemiological 

research (originating from the country in which the study is done) are preferred for health 

impact assessments. Of all the studies conducted; the DEFRA report was the only one that 

used local epidemiological research, by using various reports by the UK’s Committee on the 

Medical Effects of Air Pollutants (COMEAP).  

In the absence of such studies, international literature was used to estimate the impact of 

pollution on human health. The following criterion for the selection of dose-response functions 

have been used in past CBA studies: 

 Well conducted epidemiological studies (published in the peer-reviewed literature; an 

adequate study design; a reasonably complete analysis); 

 Epidemiological studies conducted in more than one region; 

 The match between the pollutant studied and the pollutant of interest; and 

 Study location and characteristics of the study population. 

As a result, multiple sources of CRFs used in each study, are summarised in Table 1.1.6.  
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Table 1.1.6 Concentration response function sources (Jalaludin et al., 2009) 

CBA 

REPORT 

MORTALITY MORBIDITY 

Long-term Short-

term 

Infant 

Mortality 

Chronic 

bronchit

is 

Respiratory 

hospital 

admissions 

Cardiovascular 

hospital 

admissions 

Emergency 

room visits 

for asthma 

DEFRA, 

2006 

Pope et al 

2002 

COMEA

P 1998 

 
Not 

Quantifie

d 

COMEAP 

1998 

COMEAP 1998 Not 

Quantified 

FISHER 

ET AL., 

2005 

Kunzli et al 

2000 

  
Kunzli et 

al 1999 

McGowan et 

al 2002 

McGowan et al 

2002 

Not 

Quantified 

CAFE, 

2005 

Pope et al 

2002 

 
Woodruff 

et al 1997 

Abbey et 

al 1995 

APHEA-2 

data 

APHEA-2 data Not 

Quantified 

DEC-05 Kunzli et al 

2000 

  
Kunzli et 

al 2000 

Kunzli et al 

2000 

Kunzli et al 2000 Not 

Quantified 

BTRE, 

2005 

Kunzli et al 

2000 

  
Kunzli et 

al 2000 

Kunzli et al 

2000 

Kunzli et al 2000 Not 

Quantified 

US EPA, 

2004 

Pope et al 

2002 

 
Woodruff 

et al 1997 

Abbey et 

al 1995 

Pooled 

estimate* 

Pooled 

estimate* 

Norris et al 

1999 

US EPA, 

1999 

Pope et al 

1995 

  
Pooled 

estimate

* 

Pooled 

estimate* 

Pooled 

estimate* 

Schwartz et 

al 1993 

SEETHA

LER, 

1999 

Pope et al 

1995 & 

Dockery et 

al 1993 

  
Abbey et 

al 1993 

Pooled 

estimate 

Pooled estimate Not 

Quantified 
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CHAPTER TWO 

2 STUDY DESIGN  

This chapter describes how the study was designed, considering the limitations, consequent 

exclusions and the assumptions that needed to be made. It details the areas selected for the 

study, the sources of emission considered when developing the emissions inventory as well 

as the estimated emissions inventory.   

2.1 AREAS 

Due to the lack of comprehensive emissions data on a national level and the limitations of the 

study resources, the study was not done at a national level. However, six areas were selected 

for evaluation in this study. The areas were selected to give an indication of air quality in highly 

and mildly polluted areas, coastal areas and a pristine area. This was done in an attempt to 

give a representation of the national state of air quality. 

The following six areas were selected, taking into account pollution levels and geographic 

representation: 

1. Highly polluted: 

 Vaal Triangle Airshed Priority Area (VTAPA) including City of Johannesburg 

 Highveld Priority Area (HPA) including City of Tshwane Pretoria 

2. Mildly polluted: 

 Waterberg District Municipality (WDM) 

3. Coastal regions: 

 City of Cape Town (CPT) 

 City of eThekwini Durban (ETK) 

4. Pristine: 

 ZF Mgcawu District Municipality (ZDM) in the Northern Cape Province (control 

area). 

2.1.1 VAAL TRIANGLE AIRSHED PRIORITY AREA (VTAPA) 

The Vaal Triangle Airshed Priority Area (VTAPA) was the first priority area and it was declared 

due to the concern of elevated pollutant (PM10) concentrations within the area. Its declaration 

was published in the Government Gazette in terms of Section 18(1) of the National 

Environmental Management Act 2004 (Act No. 39 of 2004) under Notice No. 365 of 21 April 
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2006, as amended by Notice 711 of 17 August 2007. The priority area approach is based on 

improving air quality whilst building capacities for both District and Local Authorities in order 

to ensure they take charge of their obligations. The area consists of activities such as heavy 

industries, coal-fired power stations, commercial operations and transportation, small-scale 

boiler operations, landfill and waste incineration and domestic fuel burning. The air pollution 

monitoring in the VTAPA focuses primarily on particulate matter (PM10 & PM2.5), SO2 as well 

as other pollutants. The Vaal triangle is a triangular area of land that consists of the towns of 

Vanderbijlpark, Vereeniging and Sasolburg (Dikio, 2010). The VTAPA includes a part of the 

Free State province and a small section of the southern part of Gauteng province. Particulate 

matter is a pollutant of great concern in the region as it usually exceeds the health standards 

up to 2.5 times on an average annual basis (Annegarn and Scorgie, 1997). 

2.1.2 THE HIGHVELD PRIORITY AREA (HPA) 

The Highveld Priority Area covers approximately 31 106 km2 and including parts of Gauteng 

and Mpumalanga Provinces, with a single metropolitan municipality, three district 

municipalities and nine local municipalities. The Highveld Priority Area is characterised by 

intense mining, coal-fired power plants, industries, including iron and steel manufacturing, 

chemical plants, agricultural activity, motor vehicles and domestic fuel burning (Freiman and 

Piketh, 2002) which has led to the continued degradation of air quality over the area (Wright 

et al., 2011). The main pollutants of concern are PM (2.5 and 10) as well as SO2. Available 

monitoring data confirms that the areas of concern are near Emalahleni (Witbank), Middelburg, 

Ermelo, Balfour and Secunda. 

2.1.3 THE WATERBERG DISTRICT MUNICIPALITY (WDM) 

The Waterberg-Bojanala Priority Area (WBPA) is located in the North West of South Africa 

and covers an area of approximately 67 837 km2. It includes the Waterberg District 

Municipality in Limpopo Province, parts of the Bojanala Platinum District Municipality in the 

North West Province, and consists of nine local municipalities. Ambient air quality monitoring 

is relatively limited in the WBPA with only four operating monitoring stations in the Waterberg 

District. On the other hand, the Bojanala District has seven monitoring stations none of which 

is operational, assessing the baseline air quality in the region difficult. Furthermore, the return 

of high quality ambient monitoring data from the various networks is not consistent, and 

unfortunately considerable data has either not been captured or is of low quality. In spite of 

that, available data provides some insights into the state of the ambient air quality in the 

WBPA. The main sources of emissions in the area are industries, mining, biomass burning, 

motor vehicles and domestic fuel burning. Ambient SO2 concentrations are low in the 

Waterberg District compared to the NAAQS despite the significant SO2 emissions from 



13 | P a g e  
 

combustion of fossil fuels by industries. Moreover, ambient PM10 concentrations in the 

Waterberg District are below the NAAQS except for the Thabazimbi area. 

2.1.4 ETHEKWINI (ETK) 

The eThekwini Metropolitan Municipality is in KwaZulu-Natal province on the east coast that 

includes the city of Durban and surrounding towns. The population of more than 3.44 million 

live in 103 wards spanning an area of 2 291 km2. Heavy industries include crude oil refining, 

chemicals, cement, mining and paper and pulp factories; and the Durban South basin has 

been renowned for several decades for air quality issues with the residing communities. 

Agriculture include predominantly sugar cane; with associated seasonal burning and air 

quality impacts.   

2.1.5 CITY OF CAPE TOWN (CPT) 

The Cape of Town metropolitan city is a port city on South Africa’s southwest coast, on a 

peninsula beneath Table Mountain in the Western Cape Province. The metro spans an area 

of 2 445 km² and hosts 3.74 million inhabitants. Agriculture and manufacturing industries have 

declined in recent years and a few remaining industries include crude oil refining; while a 

nuclear power station provides electricity. The city is known for its mountain winds and 

extended droughts in recent times; and although at sea level, Table Mountain is 1000m high 

and the mountain alone represents twice the biodiversity found in the United Kingdom.  

2.1.6 ZF MGCAWU DISTRICT MUNICIPALITY (ZDM) 

The ZF Mgcawu District Municipality is one of the five districts of the Northern Cape province 

of South Africa. The seat of ZF Mgcawu is in Upington and the area extends over a massive 

102 524 km², while sparsely populated with only 236 783 inhabitants. The previous name for 

the municipality was Siyanda, meaning, “We are growing” but is not in use anymore. ZDM 

borders the Republic of Botswana to the north and the Republic of Namibia towards the west. 

The major economic activity is related to agriculture, with a few mining activities in the east. 

2.2 SOURCES 

Five source categories considered to have a significant impact on ambient air quality across 

all areas of study were selected. These include domestic fuel burning, mines, industries, 

vehicles and biomass burning sources. The source categories were each associated with 

pollutants for which emission inventories were estimated and air quality modelling conducted. 

Table 2.2 gives a description of each of the source categories and the pollutants associated 

with each source. 
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Table 2.2 Six source categories of significant impact were considered 

Source Category Description Pollutants 

Industrial emissions 

(sub-categorized) 

All activities listed in terms of section 21 of 

the Act (i.e. petroleum industry; metallurgical 

industry; mineral processing, storage and 

handling; animal matter processing; etc.) 

SO2, NOx, PM10 

Domestic fuel burning 
Domestic fuel for heating, lighting and 

cooking (i.e. coal, wood, paraffin, etc.) 
SO2, NOx, PM10 

Mines All active mining operations PM10 

Vehicle emissions 
Sources that operate on roads and highways 

(i.e. cars, buses and trucks) 
SO2, NOx, PM10 

Biomass burning 

Wild fires based on burn scars identified 

using remote sensing data from the CSIR’s 

Meraka Institute 

SO2, NOx, PM10 

 

2.3 EMISSIONS 

Estimation of pollutant emissions served as the starting point for subsequent benefit and cost 

estimates. A comprehensive and accurate emission inventory, in combination with modelling, 

facilitated the effective characterisation of ambient air pollutant concentrations for each area. 

A focus was placed on three criteria pollutants; sulphur dioxide (SO2), nitrogen oxides (NOx) 

and particulate matter with an aerodynamic diameter of 10 microns or less (PM10).  

Emissions were projected for two different scenarios, for each of these pollutants: 

1 Baseline scenario: assuming “business as usual” that is with no further interventions being 

implemented to improve the state of air quality; and Medupi and Kusile as well as other 

energy generation projects are included in this scenario. This scenario reflects what the 

state of air quality will be when the Act and other policies and strategies to reduce 

emissions, are not implemented. 

2 Future scenario: for industrial emissions, the scenario assumed full compliance to 2020 

MES by 2030 (allowing for postponements where granted), as well as the exclusion of 

power plants scheduled to decommission by 2030. For domestic fuel burning and vehicle 

emissions, the Future scenario assumed successful implementation of related policies. 

For mine dust suppression, the approach adopted for Future scenarios in section 2.4.2 

was used. This Future scenario reflects what the state of air quality will be if related acts 

and other emission reduction policies and approaches are fully implemented. 
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2.3.1 BASELINE SCENARIO EMISSION INVENTORY 

Two data sources were used to develop the emissions inventory, namely historical emissions 

inventories from existing Air Quality Management Plans (AQMP) and DEA calculated 

emissions inventories where no historical data existed.  

Of the five source categories, industrial emissions inventories were sourced from AQMPs then 

validated and updated with data reported in the South African National Atmospheric Emissions 

Inventory System (NAEIS) by the different facilities. For example, the AQMP compiled for 

VTAPA AQMP (VTPA, 2009), was used in the study for that area. For the Waterberg Priority 

Area, the DEA followed the methodology stated in the WPA AQMP (WBPA, 2015) to estimate 

emissions from residential fuel burning, mines and biomass burning emissions; while vehicle 

emissions were estimated following the VTAPA AQMP (VTPA, 2009) methodology, since 

vehicles were excluded from the WPA AQMP.  

The emission data sources used are summarised in Table 2.3.1. 
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Table 2.3.1 Emission data sources for the study areas 

Area Industrial 

emissions 

Domestic 

fuel 

burning 

Mines Vehicle 

emissions 

Biomass 

burning 

Vaal Triangle 

Priority Area 

(VTAPA) 

VTAPA 

Study and 

NAEIS 

DEA 

Calculated 

DEA 

Calculated 

VTAPA 

Study 

DEA 

Calculated 

Waterberg District 

Municipality (WDM) 

WPA Study 

and NAEIS 

WPA 

Study 

WPA 

Study 

DEA 

Calculated 

WPA Study 

Highveld Priority 

Area (HPA) 

HPA Study 

and NAEIS 

DEA 

Calculated 

DEA 

Calculated 

DEA 

Calculated 

DEA 

Calculated 

eThekwini (ETK) ETK 

Municipality 

and NAEIS 

DEA 

Calculated 

DEA 

Calculated 

DEA 

Calculated 

DEA 

Calculated 

City of Cape Town 

(CPT) 

CPT 

Municipality 

DEA 

Calculated 

DEA 

Calculated 

DEA 

Calculated 

DEA 

Calculated 

ZF Mgcawu District 

Municipality (ZDM) 

NAEIS DEA 

Calculated 

DEA 

Calculated 

DEA 

Calculated 

DEA 

Calculated 

Industries 

Emissions inventories developed for the different AQMPs were obtained from industrial and 

commercial sources. The inventories were improved by using the reported data from National 

Atmospheric Emissions Inventory System (NAEIS). For areas where AQMPs had not been 

developed, information reported through the NAEIS was used for the industrial sources. 

Domestic fuel burning 

The Free State and WBPA AQMP (Van Nierop, 1995) methodology was applied in calculating 

residential fuel burning emissions, where a pollutant emission factor was applied to the 

quantity of fuel used per annum. 

The pollutant emission factors used were obtained from the US-EPA (AP-42 Table).  

The fuel used per annum was obtained from number of households using fuels for domestic 

purposes and the average fuel consumption, in tonnes per annum. The energy use data 

contained in the 2011 census (StatsSA, 2011), which delineates the number of households 

using fuels for domestic purposes (i.e. cooking, lighting, and space heating), was used to 
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determine the number of households using fuels for domestic purposes. The number of 

households reported for each domestic purpose were added up to determine the total number 

of households using fuels for domestic purposes. The average fuel consumption, in tonnes 

per annum, in specific geographical areas of South Africa were sourced from the FRIDGE 

(Fund for Research into Industrial Development, Growth and Equity, 2006) report. Locally 

determined coal consumption rates, in kilograms per month, were used for coal emissions. It 

was assumed that coal is mostly used during the four winter months, therefore the monthly 

rates were multiplied by 4 not 12, then converted to tonnes to get a value of tonnes per annum. 

Mines 

PM10 emissions from mining activities were estimated using GIS and remote sensing data. 

Two sets of data were provided to the DEA; South African Mineral Deposits Database 

(SAMINDABA) from the Council for Geosciences and mining license information from the 

Department of Mineral Resources. SAMINDABA data had the total number of active mines in 

an area and the class of each mine (size). The emission rate per mine was obtained from the 

total emissions calculated for individual mines in the Waterberg-Bojanala AQMP Baseline 

Characterisation (DEA (uMoya-Nilu), 21 July 2014). This information was used with the annual 

PM10 emissions data to estimate emissions for the different mines, using the same emission 

factor for all mines. Thus, all the mines were treated as open cast mines. However, to counter 

the overestimation effect of this assumption, only dust mitigation from roads were considered 

and not dust from stockpiles for the Future scenarios. 

The SAMINDABA data was merged with the information from the Department of Mineral 

Resources to identify the mines and locate each of the active mines. 

Biomass Burning 

Biomass burning emissions were estimated for the study areas following the approach used 

in the WBPA (2015) study. These were estimated using the total area burned annually, based 

on remote sensing data from the CSIR’s Meraka Institute. The fuel load, which is linked to the 

varying abilities of different vegetation types to burn, was estimated using the vegetation map 

(SANBI, 2006). The fuel load was estimated using the vegetation map information from SANBI 

(2006). Areas that are geographically- and climatically- similar are called biomes. These are 

defined by factors such as climate, plant spacing (forest, woodland, savannah), plant 

structures (such as trees, shrubs, and grasses) and leaf types (such as broadleaf and needle 

leaf). All the areas were characterised as largely either grassland or savannah biomes, with 

the exception of Cape Town which was mainly Fynbos.  
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The emission factors for SO2, NOx, and PM2.5 were based on Andreae & Merlet (2001), while 

for PM10 (for grassland, savannah and fynbos) were based on the SA National Land Cover 

(2000) as in the HPA AQMP. 

Vehicles 

The national emission inventory of motor vehicle emissions compiled in the Draft Integrated 

Strategy for the Control of Motor Vehicle Emissions (2013) was used to compile the emission 

inventory for the areas of interest.  

The national emission inventory of motor vehicle emissions was compiled, at municipal level, 

based on fuel sales data from 2009 and tier 1 emission factors. For the Baseline scenario, a 

Euro 3 equivalent vehicle parc, developed by the European Environmental Agency was 

assumed. Annual fuel sales from 2012 to 2016 were evaluated to determine the growth and 

consequent increase in emissions. No significant change was observed, and it was assumed 

that the emissions were constant between 2012 and 2016.  

To improve the granularity of the data, and determine the emissions as line source, the roads 

in each municipality were digitized using Google Earth and emission calculated for every 

portion of road. To determine the emission rate for the portion of road, a ratio for each portion 

was applied to the annual emission rate at municipal level. The ratio was determined using 

the following equation: 

𝑅𝑎𝑡𝑖𝑜 = 𝐴𝑙𝑙𝑜𝑐𝑎𝑡𝑖𝑜𝑛 𝑝𝑒𝑟 𝑟𝑜𝑎𝑑 𝑐𝑙𝑎𝑠𝑠 ×
𝑅𝑜𝑎𝑑 𝑝𝑜𝑟𝑡𝑖𝑜𝑛 𝑙𝑒𝑛𝑔𝑡ℎ

𝑇𝑜𝑡𝑎𝑙 𝑙𝑒𝑛𝑔𝑡ℎ 𝑜𝑓 𝑟𝑜𝑎𝑑 𝑐𝑙𝑎𝑠𝑠
            (2.1) 

Roads were classified into two broad classes; major and minor roads, allocated 70% and 30% 

of the total emissions respectively. Vehicle count data from Mikros was used to classify roads. 

All national roads were designated as major roads. Any provincial and municipal roads with 

the same vehicle count as the national roads were also designated as major roads. All other 

roads were classified as minor roads. 

The road portion lengths were determined through digitisation, where lines were drawn over 

all roads in the municipalities of interest using Google Earth while noting the number of lanes 

of each road. The length of the portion of road was determined by measuring the length of the 

line and applying a factor of 1.4 to the line to compensate for the fact that the roads are not 

straight lines. This factor was taken from the VTAPA AQMP (2009) calculation approach. The 

width of roads was determined assuming standard road width of 3.7m for a single lane and 

3m for the pavements as per the design guideline standards for single carriageway national 

roads (2009)1. Minor roads in city centres were assigned double the emissions allocated to 

the other minor roads to accommodate road congestions, which results in motorists driving at 

low speed. 
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Summary of Baseline scenario emission inventory 

The total annual emissions utilised for each of the study areas are summarised in Table 2.3.1. 

(a) to (f). 

Table 2.3.1 (a) VTAPA Baseline scenario emissions inventory utilised for dispersion 

modelling (tons per annum) 

Pollutant Industrial 

emissionsa 

Domestic fuel 

burningb 

Minesb Vehicle 

emissionsa 

Biomass 

burningb 

SO2 215865 336 - 2014 12  

NOX 112914 58 - 74344  137 

PM10 25450 55 15632 5078  351 

aHistorical AQMP data + NAIES, bDEA estimated emissions  

Table 2.3.1 (b) HPA Baseline scenario emissions inventory utilised for dispersion 

modelling (tons per annum) 

Pollutant Industrial 

emissionsa 

Domestic fuel 

burningb 

Mines Vehicle 

emissionsb 

Biomass 

burningb 

SO2 1612174 3550 - 1257  24 

NOx 886024 561 - 53904  273 

PM10 111785 500 83349 2744  702 

aHistorical AQMP data and NAEIS, bDEA estimated emissions  

Table 2.3.1 (c) WDM Baseline scenario emissions inventory utilised for dispersion 

modelling (tons per annum) 

Pollutant Industrial 

emissionsb 

Domestic fuel 

burning 

Minesa Vehicle 

emissionsb 

Biomass 

burninga 

SO2 341239 21 -  93 - 

NOX 63032 59 -  3650 202 

PM10 5248 306 59488 205  545 

aHistorical AQMP data + NAEIS, bDEA estimated emissions  
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Table 2.3.1 (d) CPT Baseline scenario emissions inventory utilised for dispersion 

modelling (tons per annum) 

Pollutant 
Industrial 

emissionsa 

Domestic Fuel 

burningb 
Minesb 

Vehicle 

emissionsb 

Biomass 

burningb 

SO2 16298 3531 - 550 7 

NOX 23251 551 - 24284 75 

PM10 3762 505 2459 1132 193 

aHistorical AQMP data + NAEIS, bDEA estimated emissions  

Table 2.3.1 (e) ETK Baseline scenario emissions inventory utilised for dispersion 

modelling (tons per annum)  

Pollutant 
Industrial 

emissionsa 

Domestic fuel 

burningb 
Minesb 

Vehicle 

emissionsb 

Biomass 

burningb 

SO2 13197 971 - 772 1.7 

NOX 5090 156 - 30781 18 

PM10 2036 151 472 1372 48 

aHistorical AQMP data + NAIES, bDEA estimated emissions  

Table 2.3.1 (f) ZDM Baseline scenario emissions inventory utilised for dispersion 

modelling (tons per annum) 

Pollutant Industrial 

emissionsb 

Domestic fuel 

burningb 

Minesb Vehicle 

emissionsb 

Biomass 

burningb 

SO2 765 157 -  92  7 

NOx 380 24 -  2942  83 

PM10 409 21 1449  158  214 

aHistorical AQMP data + NAEIS, bDEA estimated emissions 

2.3.2 FUTURE SCENARIO EMISSION INVENTORY 

In summary, the projected emissions inventory for the Future scenario for 2030 was subject 

to the following underlying assumptions: 

i. All industries comply to the Section 21, 2020 Minimum Emission Standards (MES) 

limits and the closing of old power plants by 2030 as scheduled by DOE;  

ii. Domestic fuel burning emission reduction of 75% was using an option where partial 

electrification for cooking and lighting, solar water heating and LPG space heating for 

winter was introduced, according to the DEA Strategy to Address Air Pollution in 

Dense Low-Income Settlements (DEA, 2016); 
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iii. All mines implement abatement systems that achieve a 30% reduction in PM10 

emissions, since several mines reported that more than 50% emission reduction from 

mining road dust suppression is achievable;  

iv. The Clean Fuel 2 strategy (DEA, 2017) and regulations are enforced and fully 

implemented, and all vehicles and fuels perform at Euro 5 specifications by 2030 

resulting in 98% SOx, 50% NOx and 70% PM reductions; and 

v. There is no change in biomass burning anticipated by 2030. 

These assumptions are described in more detail in the following sections.  

Industries 

Paragraph 10 of the section 21 Notice 893 of 2013) states that “existing plant must comply 

with minimum emission standards for new plant as contained in Part 3 by 01 April 2020, unless 

where specified”. It also states that new plants must comply with the new plant minimum 

emission standards Part 3 of the notice.  

It was assumed in this study that for the future scenario, all industries will be in full compliance 

with the Notice and the emission rates stated in Part 3 by 2030. The DEA evaluated the 

emission rates of all industries in every area of interest and adjusted only the emissions that 

did not comply with 2020 MES. This was done taking into consideration that implementing 

abatement technologies will result in changes in the following two parameters, which were 

used in the modelling, namely exit velocity and exit temperature. The exit temperature of the 

gas was adjusted based on what is feasible to avoid condensation in the stack. The velocity 

was not adjusted as it was assumed the total gas flowrate remains the same. A list of the 

abatement technologies suggested for the reduction of each pollutant for each company was 

recorded by DEA and used in determining the cost. 

Domestic fuel burning 

The draft strategy to address air pollution in dense low-income settlements was published in 

June 2016, with the purpose of mapping out the path that the country needs to take in reducing 

the impact of air pollution in dense low-income communities2. The strategy states three key 

objectives to address air pollution in dense low-income settlements: 

1. To ensure that efforts to address air pollution in these low-income settlements are 

undertaken in a coordinated and coherent manner; 

2. To facilitate the implementation of interventions aimed at reducing emissions from 

dense low-income settlements; and 

3. To ensure continued monitoring, evaluation and reporting on the successes and 

challenges of the proposed interventions and air quality improvements. 
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Interventions tabled for implementation include the provision of affordable or subsidised clean 

energy alternatives, ensuring low-income houses are energy efficient and influencing 

developmental planning initiatives to consider air quality issues. The strategy plans to roll-out 

appropriate energy alternatives to at least 75 percent of households identified by 2020 and 

ensure that at least 80 percent of all newly built RDP houses are built in consideration of 

energy efficiency guidelines.  

It was assumed that full implementation of the strategy, will result in 75 percent reduction in 

domestic fuel consumption. Therefore, the baseline scenario emission inventory for domestic 

fuel burning was reduced by 75 percent across all pollutants to project the future scenario 

emissions. 

Mines 

Sustainability reports of the major mining companies in South Africa were studied to determine 

what these companies have been able to achieve in reducing particulate emissions. The 

companies were limited to the mining companies that are in operation in the areas of interest. 

Four reports from major mining companies within the mining sector were studied and 

evaluated in detail. One of the companies managed to reduce dust emissions levels by 50 

percent between 2012 and 2015 (three years) at two of their mine sites, however the number 

of exceedances at the mine has increased. This is as a result of reduction in the PM10 

regulatory limits introduced in 2015. Another company reported in 2017 that the organisation 

commits to improving its compliance to the milestone level for respirable crystalline silica from 

88% compliance to 95% compliance by 2024. The company has implemented a number of 

engineering measures to minimise employees’ exposure to silica dust and continues to 

conduct tests on other technologies. A third mining house was able to reduce their dust 

emission by 21 percent in the 2014 financial year. A fourth company, on the other hand, 

committed to reduce the number of workers potentially exposed to coal mine dust by 50 

percent, from the 2017 baseline, by 2022 (a five-year period).  

Assuming that these companies are leaders in their field, it was assumed that laggards in 

mining are able to reduce their dust emissions by 30 percent for the Future scenario (about 

2030). From an ambient air quality perspective, two sources of dust are of interest namely 

dust emission from haul and mine roads, and dust from storage locations (stockpiles). Mining 

companies in RSA explored different technologies to reduce particulate matter emissions. The 

sizes of mines were classified according to Table 2.3.2 (a), and the size and number of trucks, 

road width and road length was adjusted according to the mine size to determine emissions 

arising from mining activities. 
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Table 2.3.2 (a) Mining sources classified according to the tons of raw material produced  

 

Vehicles  

In 2015, a special Joint Task Team (JTT) was set up to investigate the effects of South African 

(SA) vehicle parc dynamics and Cleaner Fuels 2 (CF2) fuel quality changes on SA air quality 

under various intervention and non-intervention options3.  

 

Figure 2.3.2 (b) South African Cleaner Fuels 2 Strategy assumes introduction of 

cleaner fuels and lower emissions vehicles 
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The futures considered assumed the reduction of fuel sulphur levels to 10ppm in all fuel 

products (diesel and Research Octane Number (RON) 93 and RON 95 petrol). The mandating 

of Euro 5 vehicle emissions standards for the Future scenario was also assumed. Four future 

options were considered in the Cleaner Fuels Strategy following Figure 2.2.3 (b): 

 Option 0: No interventions 

 Option 1: scenario where only refineries have to reduce sulphur, no vehicles emission 

reduction 

 Option 2: scenario where reduction of sulphur by the refineries is achieved by 2017  

 Option 3: based on Option 2 except that the date for introduction of CF2 and Euro 5 

emissions was changed to 2023. 

 

The JTT modelled the data, assessing the impact of the interventions on air quality for a period 

from 2014-2030. Normalised (lower pair) plots indicated the following reductions: 

 50 percent and 34 percent reductions in NOx by 2030 for options 2 and 3 respectively; 

 70 percent and 48 percent reductions in PM by 2030 for options 2 and 3 respectively; 

and 

 Close to 100 percent reduction for SO2 for modelled purposes 

o An approximate 97.5 percent reduction of sulphur in fuel; and  

o Currently sulphur levels at about 400-500ppm sulphur in diesel (some 50ppm 

sulphur diesel), and in CF2 it goes down to about 10ppm. 

A similar approach was taken for this study, where by 2030, option 3 reductions were assumed 

as the percentage reductions for vehicle emissions. Therefore, the Baseline scenario emission 

inventory for vehicle emissions was reduced by the following percentages for the different 

pollutants: 

 50 percent reduction of NOx;  

 70 percent reduction of PM10; and 

 98 percent reduction of SO2. 

 

2.3.3 SUMMARY OF FUTURE SCENARIO EMISSION INVENTORY 

For industrial emissions, the Future scenario model results assumes full compliance to 2020 

MES, as well as the exclusion of power plants scheduled to be decommissioned by 2030. This 
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scenario reflects what the state of air quality will be if the Act is fully implemented. In addition, 

this projected emissions inventory was also subject to the following underlying assumptions: 

i. It was assumed that all industries comply to the Section 21 2020 Minimum 

Emission Standards (MES) limits and old power plants are decommissioned as 

scheduled; 

ii. It was conservatively presumed that is a 75-percentage reduction in DFB 

emissions as per the DEA Strategy to Address Air Pollution in High-Density 

Low-Income Settlements (DEA, 2016); 

iii. All mines implement abatement systems that achieve 30 percentage reduction 

in PM10 emissions; and 

iv. There is a 98-percentage reduction in SO2; 50-percentage reduction in NO2 

and 70-percentage reduction in PM10 in vehicle emissions as per the Clean 

Fuel 2 strategy (DEA, 2017) by 2030. 

The total annual Future scenario emissions inventory utilised for modelling each of the study 

areas are summarised in Tables 2.3.3 (a) to (f). Despite significant reductions in all pollutants 

in most areas due to interventions, there is one major exception. The WDM area indicates an 

increase in emissions from the Baseline to the Future scenario, due to the construction of new 

power generation facilities during this period. Biomass burning emissions in the Baseline and 

Future scenarios remain the same, since no quantifiable emission reductions are targeted.  

Table 2.3.3 (a) VTAPA Future scenario emissions inventory utilised for dispersion 

modelling (tons per annum) 

Pollutant Industrial 

emissionsa 

Domestic fuel 

burningb 

Minesb Vehicle 

emissionsa 

Biomass 

burningb 

SO2 15600 888 - 25 12  

NOX 20616 140 - 26952  137 

PM10 3481 125 58344 823  351 

aHistorical AQMP data + NAEIS, bDEA estimated emissions  
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Table 2.3.3 (b) HPA Future scenario emissions inventory utilised for dispersion 

modelling (tons per annum) 

Pollutant Industrial 

emissionsa 

Domestic fuel 

burningb 

Mines b Vehicle 

emissionsb 

Biomass 

burningb 

SO2 258988 3550 - 1257  24 

NOX 89148 561 - 53904  273 

PM10 1053276 500 83349 2744  702 

aHistorical AQMP data + NAEIS, bDEA estimated emissions  

Table 2.3.3 (c) WDM Future scenario emissions inventory utilised for dispersion 

modelling (tons per annum) 

Pollutant Industrial 

emissionsb 

Domestic fuel 

burning 

Minesa Vehicle 

emissionsb 

Biomass 

burninga 

SO2 53814 5 - 2 - 

NOX 66144 15 - 1825 202 

PM10 5515 77 41642 62 545 

aHistorical AQMP data + NAIES, bDEA estimated emissions  

Table 2.3.3 (d) CPT Future scenario emissions inventory utilised for dispersion 

modelling (tons per annum) 

Pollutant Industrial 

emissionsa 

Domestic fuel 

burningb 

Minesb Vehicle 

emissionsb 

Biomass 

burningb 

SO2 15823 883 - 11  7 

NOX 22921 138 - 12142  75 

PM10 3721 126 1721 340  193 

aHistorical AQMP data + NAEIS, bDEA estimated emissions  

Table 2.3.3 (e) ETK Future scenario emissions inventory utilised for dispersion 

modelling (tons per annum)  

Pollutant Industrial 

emissionsa 

Domestic fuel 

burningb 

Minesb Vehicle 

emissionsb 

Biomass 

burningb 

SO2 11077 243 - 15 1.7  

NOX 5043 39 - 15391  18 

PM10 1180 38 330 412  48 

aHistorical AQMP data + NAIES, bDEA estimated emissions  
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Table 2.3.3 (f) ZDM Future scenario emissions inventory utilised for dispersion 

modelling (tons per annum) 

Pollutant Industrial 

emissionsb 

Domestic fuel 

burningb 

Minesb Vehicle 

emissionsb 

Biomass 

burningb 

SO2 652 39 - 2  7 

NOX 0.04 6 - 1471  83 

PM10 129 5 1014 47  214 

aHistorical AQMP data + NAEIS, bDEA estimated emissions  

2.4 UNCERTAINTY AND LIMITATIONS 

Table 2.4 provides a summary of the key uncertainties with the emission inventory 

development. 

  



28 | P a g e  
 

 

Table 2.4 Key uncertainties associated with emission inventory development 

Potential source of error Significance of error on 

CBA 

Data from historical data used without adjustment to bring 

them all to the same period. 

Potentially minor.  

Mine emissions were estimated assuming all mines were 

open cast, which is not a true reflection of the mines in the 

areas of interest. 

Potentially major.  

It was assumed that coal is mainly used for heating 

purposes and the emissions calculated for the four months 

of winter.  

Potentially minor. 

Vehicle emissions were assumed that to have remained 

constant between 2012 and 2016 as the annual fuel sales 

values did not increase. 

Potentially minor. 

All road widths were assumed to comply to the standard 

road width as specified in the design guideline standards for 

single carriageway national roads. 

Potentially minor. 

The change in exit temperature of gases in the future 

scenario was determined based on what is feasible to avoid 

condensation in the stack and not on company determined 

values. 

Potentially minor. 

The domestic fuel burning future scenario includes the 

implementation of a national strategy for select areas, which 

may not have included some of the areas of interest or 

interventions at municipal level.  

Potentially minor. 
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CHAPTER THREE 

3 AIR QUALITY DISPERSION MODELLING 

3.1 OVERVIEW OF AIR QUALITY MODELS 

The modelling approach for this study aligned to the prescribed requirements of the Code of 

Practice for Air Dispersion Modelling in Air Quality Management in South Africa (DEA, 2014a). 

A Level 3 air quality assessment is conducted in situations where the purpose of the 

assessment requires a detailed understanding of the air quality impacts associated with 

causality effects, calms, non-linear plume trajectories, spatial variations in turbulent mixing, 

multiple source types and chemical transformations. The process started with meteorological 

modelling, to develop hourly surface wind structures and micrometeorological variables for a 

three-dimensional gridded domain for air quality modelling.  

 

This section details the methodology adopted at every modelling stage as well as the model 

settings. It then presents the model results for each area. The meteorological modelling results 

reported in the Dispersion Modelling expert report are attached as Addendum A.  

3.1.1 GENERAL METHODOLOGY 

3.1.2 METEOROLOGICAL MODELLING 

Meteorology has an important, practical application in the area of control and management of 

air quality. Ground-level concentrations of contaminants are primarily controlled by two 

meteorological elements:  

i. wind direction and speed (for transport) and 

ii. turbulence and mixing height of the lower boundary layer (for dispersion).  

 

In situations of complex terrain or near coastal boundaries, meteorological conditions such as 

calms, coastal fumigation, sea/land breeze re-circulation, and mountain and valley winds can 

Meteorology Emissions Air Quality Model
Ambient 

Concentration
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significantly affect the dispersion of pollutants. These meteorological conditions vary both 

spatially and temporally. As there will not be meteorological sites at every point on the ground 

in the modelling domain and monitoring in the upper air is normally very sparse, meteorological 

models are used to provide this 'missing data'. The meteorological model outputs are then 

used to drive a dispersion model. 

There are two different types of meteorological models (i.e. diagnostic wind models and 

prognostic models) that can be used to provide three-dimensional gridded meteorological 

data. Diagnostic meteorological models use data from available locations and assign values 

to the meteorological variables throughout a three-dimensional grid by interpolation and 

extrapolation. The conservation of mass principle is applied throughout the process.  

Prognostic models all contain realistic dynamical and physical formulations, and potentially 

produce the most realistic meteorological simulations for regions where data are sparse or 

non-existent (Holton, 2004). Prognostic models are driven by large-scale synoptic analyses 

and numerically solve the equations of atmospheric dynamics to determine local 

meteorological conditions. They do not require local meteorological data to run. Prognostic 

models are able to represent all scales, from global down to features on scales in the range 

1-10 km. 

Diagnostic models are run in data-sparse areas through the incorporation of output from a 

prognostic model. The prognostic model provides a 'first-guess field', which is then modified 

by the diagnostic model to take account of terrain or land-use features that are at a smaller 

spatial scale than the terrain used by the prognostic model. The main purpose of this approach 

is to increase the horizontal resolution of the meteorological fields, which is necessary if there 

are important terrain or land-use features at the higher resolution. The procedure is far less 

computationally demanding than running a prognostic meteorological model (with or without 

data assimilation) at sub-km resolutions (Holton, 2004). 

Spatially and temporally representative wind flow statistics and upper air data are not widely 

available for South Africa (Zunckel, 2007). Additionally, South Africa lacks an adequate 

network of representative surface and upper air meteorological stations. Thus, due to the 

scarcity of representative surface and upper air data, hourly meteorological data from the 

South African Weather Services meteorological stations were combined with the mesoscale 

prognostic TAPM meteorological model to generate hourly meteorological data for 2013 to 

2015, for each study area.  

The TAPM model solves the fundamental fluid dynamics and scalar transport equations to 

predict meteorology. The meteorological component of TAPM is an incompressible, optionally 

non-hydrostatic, primitive equation model with a terrain-following vertical coordinate for three-
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dimensional simulations. It includes parameterisations for cloud/rain micro-physical 

processes, turbulence closure, urban/vegetative canopy and soil, and radiative fluxes. The 

model predicts the flows important to local scale air pollution, such as sea breezes and terrain-

induced flows, against a background of larger-scale meteorology provided by synoptic 

analyses (Luhar, 2004). 

The meteorological component of the model is nested within synoptic-scale analyses/ 

forecasts that drive the model at the boundaries of the outer grid. The coupled approach taken 

in the model, whereby mean meteorological and turbulence fields are passed to the air 

pollution module every 5 min, allows pollution modelling to be done accurately during rapidly 

changing conditions such as occurring in sea breeze or frontal situations (Luhar, 2004).  

TAPM was run for the period 1 January 2013 to 31 December 2015 with an extra spin-up day 

at the start in each run. The model was run with multiple nested horizontal domains. The upper 

air data was run for the lowest 5 km of the troposphere which was divided into 30 vertical 

layers (10, 25, 50, 75, 100, 150, 200, 250, 300, 400, 500, 600, 750, 1000, 1250,1500, 1750, 

2000, 2250, 2500, 3000, 3500, 4000, 5000, 6000, 7000 and 8000 m). TAPM provided the 

'first-guess field' gridded surface meteorological data fields required for the CALPUFF 

modelling system. See the detailed Figures in Addendum A that shows examples of the TAPM 

layer 1 wind vector plots from the TAPM simulations. The spatial variations in the wind field 

are due to the effects of terrain. 

3.2 DISPERSION MODELLING 

The Regulations Regarding Air Dispersion Modelling (DEA, 2014a) recommends a number of 

dispersion models to be used in regulatory applications in South Africa. The suitability for a 

model for an air quality assessment will vary depending on the scope of the study; the 

objectives of the modelling effort; technical factors and the level of risk associated with the 

project. A tiered approach in the selection of an air dispersion model is recommended, where 

simple screening models (Level 1) are utilised first before the application of more advanced 

models (Level 2 & 3). 

Level 1 screening techniques provides an estimate of the worst-case air quality impacts for 

worst-case meteorological conditions. Level 2 assessment are used for air quality impact 

assessment that assume steady state Gaussian plume dispersion in the near field kilometres 

(less than 50 km). Level 3 assessments require more sophisticated models that can account 

for causality effects, calms, non-linear plume trajectories, spatial variations in turbulent mixing, 

multiple source types and chemical transformation (DEA, 2014a).  
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A level 3 assessment was conducted for this study. The study required a detailed 

understanding of the air quality impacts (time and space variation of the concentrations) as 

well as the ability to account for causality effects, calms, non-linear plume trajectories, spatial 

variations in turbulent mixing, multiple source types and chemical transformations.  

The modelling was done using the DEA (2014a) recommended US-EPA approved CALPUFF 

model for Level 3 modelling assessments. The modelling system is a multi-layer, multi-species 

non-steady-state Lagrangian puff dispersion model that simulates the effects of time- and 

space-varying meteorological conditions on pollutant transportation, transformation, and 

removal. It comprises of three main components: CALMET, CALPUFF and CALPOST and a 

large set of pre-processing programs. CALMET is the diagnostic meteorological model that 

develops hourly surface wind structures and various micrometeorological variables on a three-

dimensional gridded domain modelling (Scire, 2000). Output from the prognostic 

meteorological models such as MM5 and TAPM can be incorporated into the CALMET run, 

providing information in data-sparse regions. This combined approach is the preferred way of 

operating CALMET (Douglas and Kessler, 1998). CALPUFF advects puffs of material emitted 

from modelled sources using the meteorological fields generated by CALMET. The primary 

output files from CALPUFF contain either hourly concentration or deposition fluxes at selected 

receptor locations. CALPOST is used to process these files to extract the results for the 

simulation. 

 

Figure 3.2.1 Overview of the CALPUFF modelling system (Scire, 2000) 
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The version of the CALPUFF suite of models utilised in this assessment are outlined in Table 

3.2.2. 

Table 3.2.2 Version of the CALPUFF suite of models utilised for the study 

MODEL PROGRAM ELEMENT MODEL VERSION 

CALPUFF 

MODEL SUITE 

CALMET Meteorological Model v6.334 

CALPUFF Dispersion Model v6.42 

CALPOST Post Processing Model V6.292 

CALSUM Flux Combination Model v1.4 

 

For each of the study areas, the CALPUFF modelling suite was used to predict the dispersion 

of the following pollutants: SO2; SO4
2-; NO2; NO3 and PM10. The dispersion of the pollutants 

was simulated for the prevailing meteorological conditions for the period 1 January 2013 to 31 

December 2015 for each study area. This was done using the settings detained in the Table 

3.2.3. 
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Table 3.2.3 CALPUFF model settings  

The CALMET modelling domains were specifically defined for each of the areas to cover the 

entire area of interest. 

Vaal Triangle Airshed Priority Area (VTAPA) 

The CALMET modelling domain for the VTAPA has an extent of 120 km by 135 km with a 

uniformly spaced horizontal grid resolution of 2 km. The top of the domain was set at 5 km 

with 12 vertical levels. The CALPUFF modelling domain has an extent of 120 km (west to 

east) by 135 km (north to south), covering an area of 16 200 km2 to cover the entire VTAPA 

and most of the City of Johannesburg. A uniformly spaced grid resolution of 1 km was used, 

providing 16 200 grid cells for the model domain. The exact spatial extent of the VTAPA AQMP 

(2009) informed the boundary of this model domain. The figure illustrates the modelling 

domain. Additionally, sensitive receptors were selected in the modelling domain, their location 

is illustrated by Figure 3.2.3. 

VARIABLE MODEL OPTION UTILISED 

MAP PROJECTION WGS-84 UTM Global coverage 

CONVECTIVE MIXING HEIGHT Maul-Carson for land & water 

WIND MODEL Diagnostic wind application 

SURFACE WIND EXTRAPOLATION Similarity theory 

MINIMUM POTENTIAL TEMPERATURE 

LAPSE RATE (K/M) 
0.001 

CRITICAL FROUDE NUMBER 1 

DIVERGENCE MINIMIZATION 50 

CHEMICAL TRANSFORMATION SCHEME MESOPUFF 2 Scheme 

NIGHT-TIME CONVERSION RATES 

(PERCENT/HOUR) 

SO2 & NOx loss rate = 0.2; HNO3 formation 

rate =2.0 

WIND SPEED PROFILE ISC Rural 

PLUME RISE 
Stack-tip downwash; Transitional plume rise, 

and partial plume penetration modelled 

PLUME ELEMENT Puff 

DISPERSION OPTION 
Dispersion coefficients use turbulence 

computed from micro-meteorology 

TERRAIN EFFECTS 

Terrain adjustment method applied to 

gridded and discrete receptors - partial 

plume path adjustment 



35 | P a g e  
 

 

Figure 3.2.3 CALPUFF Modelling Grid Domain for VTAPA 

Highveld Priority Area (HPA) 

The CALMET modelling domain for the HPA has an extent of 384 km by 272 km with a 

uniformly spaced horizontal grid resolution of 4 km. The top of the domain was set at 5 km 

with 12 vertical levels. The CALPUFF modelling domain has an extent of 384 km (west to 

east) by 372 km (north to south), covering an area of 104 448 km2. A uniformly spaced grid 

resolution of 4 km was used, providing 104 448 grid cells for the model domain. The spatial 

extent of the HPA AQMP (2010) informed the boundary of this model domain and includes 

most of the City of Tshwane. Figure 3.2.4 illustrates the modelling domain.  
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Figure 3.2.4 CALPUFF Modelling Grid Domain for HPA 

Waterberg District Municipality (WDM) 

The CALMET modelling domain for the WDM has an extent of 344 km by 312 km with a 

uniformly spaced horizontal grid resolution of 4 km. The top of the domain was set at 5 km 

with 12 vertical levels. The CALPUFF modelling domain has an extent of 344 km (west to 

east) by 312 km (north to south), covering an area of 107 328 km2. A uniformly spaced grid 

resolution of 4 km was used, providing 107 328 grid cells for the model domain. The density 

of the sources in the area informed the boundary of this model domain. Figure 3.2.5 illustrates 

the modelling domain.  



37 | P a g e  
 

 

Figure 3.2.5 CALPUFF Modelling Grid Domain for WDM  

City of Cape Town (CPT) 

The CALMET modelling domain for CPT has an extent of 76 km by 114 km with a uniformly 

spaced horizontal grid resolution of 2 km. The top of the domain was set at 5 km with 12 

vertical levels. The CALPUFF modelling domain has an extent of 76 km (west to east) by 114 

km (north to south), covering an area of 8 664 km2. A uniformly spaced grid resolution of 1 km 

was used, providing 8 664 grid cells for the model domain. The density of the sources in the 

area informed the boundary of model domain. Figure 3.2.6 illustrates the modelling domain. 

 

Figure 3.2.6 CALPUFF Modelling Grid Domain for CPT  
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eThekwini (ETK) 

The CALMET modelling domain for ETK has an extent of 75 km by 100 km with a uniformly 

spaced horizontal grid resolution of 1 km. The top of the domain was set at 5 km with 12 

vertical levels. The CALPUFF modelling domain has an extent of 75 km (west to east) by 100 

km (north to south), covering an area of 7 500 km2. A uniformly spaced grid resolution of 1 km 

was used, providing 7500 grid cells for the model domain. The density of the sources in the 

area informed the boundary of this model domain. Figure 3.2.7 illustrates the modelling 

domain. Additionally, sensitive receptors were selected in the modelling domain, their location 

is illustrated by Figure 3.2.7. 

 

Figure 3.2.7 CALPUFF Modelling Grid Domain for eThekwini (ETK) 

ZF Mgcawu District Municipality (ZDM) 

The CALMET modelling domain for the ZDM has an extent of 640 km by 630 km with a 

uniformly spaced horizontal grid resolution of 10 km. The top of the domain was set at 5 km 

with 12 vertical levels. The CALPUFF modelling domain has an extent of 640 km (west to 

east) by 630 km (north to south), covering an area of 403 200 km2. A uniformly spaced grid 

resolution of 10 km was used, providing 403 200 grid cells for the model domain. The density 

of the sources in the area informed the boundary of this model domain. Figure 3.2.8 illustrates 

the modelling domain.  
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Figure 3.2.8 CALPUFF Modelling Grid Domain for ZDM 

3.3 AIR QUALITY MODEL RESULTS 

For the Baseline scenario:  the model predicted 99th percentile hourly, daily and annual 

ambient SO2 concentrations as a result of all SO2 emissions sources. The ambient 

concentrations are in compliance with the NAAQS at all discrete receptors, except for the 

following receptors: Kriel in the HPA which is due to industrial and power generation activities; 

Clairwood and Isipingo in ETK, which are due to industrial emissions from listed activities and 

Khayelitsha in CPT due to domestic fuel burning. 

The model simulated 99th percentile hourly and annual average ambient NO2 concentrations 

as a result of all NO2 emissions sources, which are in compliance with the NAAQS in WDM, 

VTAPA and in ZDM. However, HPA and ETK are generally in non-compliance with the 

NAAQS, while in CPT they were in non-compliance at Mitchells Plain; Gordons Bay; 

Khayelitsha; Bellville; Cape Farms and Philadelphia.  

The model calculated 99th percentile daily ambient PM10 concentrations as a result of all PM10 

emissions sources are generally in compliance with the NAAQS in the following areas: ETK; 

ZDM; WDM (except for Thabazimbi; Northam and Singapore which are due to mining 

activities) and CPT (except for Khayelitsha which is due to residential fuel burning). The model 

predicted 99th percentile daily ambient PM10 concentrations as a result of all PM10 emissions 

sources and all are in non-compliance with the NAAQS in the HPA airshed. Based on the 
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emissions inventory for this study, mining emissions are a significant contributor to ambient 

PM10 concentrations in the HPA airshed. 

For the Future scenario:  the model predicted 99th percentile hourly, daily and annual 

ambient SO2 concentrations as a result of all SO2 emissions sources and these are in 

compliance with the NAAQS at all discrete receptors for: WDM; HPA; VTAPA; ETK; ZDM and 

CPT (excluding Khayelitsha in CPT which is due to residential fuel burning activities). Similarly, 

the model calculated hourly and annual average ambient NO2 concentrations that are 

generally in compliance with the NAAQS at all discrete receptors for: WDM; VTAPA; ETK; 

ZDM and CPT except for the HPA. Industrial; vehicles and biomass burning emissions are 

responsible for elevated NO2 concentrations in the HPA that exceed the NAAQS. The model 

simulated 99th percentile daily ambient PM10 concentrations as a result of all PM10 emissions 

sources are generally in compliance with the NAAQS in the following areas: ETK; CPT; ZDM 

and WDM (except for: Thabazimbi; Northam and Singapore, which are due to mining 

activities). Conversely both the VTAPA and HPA show significant non-compliance with the 

NAAQS for PM10. Emissions from industrial; mining activities as well as biomass burning are 

significant source contributors to ambient PM10 concentrations for the VTAPA and HPA 

airsheds. 

The study demonstrated the results for the Future scenario which assumes full compliance to 

2020 MES and the other strategies to address reduction of emissions from Domestic Fuel 

Burning; mines and vehicles, results in a significant improvement in ambient air quality for all 

six air sheds namely WDM; HPA; VTAPA; ETK; CPT and ZDM. However, the study has shown 

that even with full compliance, exceedances of the NAAQS persist. This implies that the MES 

alone, is not an adequate tool for compliance to NAAQS in areas with many other emission 

sources. 

The results presented in this section are the results used for the health impact assessment 

and subsequent valuation of the benefits. These include the daily ambient SO2 concentrations 

as well as daily ambient and annual average PM10 concentrations. The rest of the results are 

included in the Dispersion Modelling Report, attached as Addendum A.   

3.3.1 VTAPA MODEL RESULTS  

The model predicted 99th percentile baseline scenario daily ambient SO2 concentrations, as a 

result of all SO2 emissions sources are generally in compliance with the NAAQS in the VTAPA. 

Ambient air quality concentrations of SO2 for each source category are illustrated in Figure 

3.3.1 (a). It is evident from the figures herein, that industrial emissions are a significant 

contributor to ambient SO2 concentrations.   
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Figure 3.3.1 (b) shows a significant improvement in the model predicted 99th percentile Future 

scenario daily ambient SO2 concentrations, as a result of all SO2 emissions sources (note 

scale change from previous figure). The plot indicates a drop in the industrial emissions to a 

level close to those of vehicular emissions for Soweto, Johannesburg and Benoni. Industrial 

emissions continue to have the largest contribution in Sasolburg, an area with significant 

industrial activities. 

 

Figure 3.3.1 (a) Model predicted daily SO2 concentrations at the sensitive receptors 

for the VTAPA Baseline scenario 

 

Figure 3.3.1 (b): Model predicted daily SO2 concentrations at the sensitive receptors 

for the VTAPA Future scenario 

The model predicted 99th percentile Baseline scenario daily ambient and annual average PM10 

concentrations as a result of all PM10 emissions sources, showing significant non-compliance 
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with the NAAQS in the VTAPA. Ambient air quality concentrations of PM10 for the different 

source categories are illustrated by Figure 3.3.1 (c). Industrial activities (power generation, 

iron and steel processes, petrochemical processes) are a significant contributor to ambient 

PM10 concentrations at Sasolburg; Vanderbijlpark and Meyerton. The Figure shows that 

mining activities are a significant contributor to ambient PM10 concentrations at Soweto and 

Sasolburg whilst the PM10 impact of vehicular activities are localised to Johannesburg; Benoni 

and Soweto. 

No improvement in the model predicted 99th percentile future scenario daily ambient PM10 

concentrations due to industrial emissions. The plot indicates a significant decrease in the 

ambient PM10 concentrations from vehicles and mining activities. Industrial emissions continue 

to have the largest contribution in most of the areas except for in Lenasia, Soweto, 

Randfontein and Benoni. 

 

Figure 3.3.1 (c) Model predicted daily PM10 concentrations at the sensitive receptors 

for the VTAPA Baseline scenario 
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Figure 3.3.1 (d) Model predicted annual average PM10 concentrations at the sensitive 

receptors for the VTAPA Baseline scenario 

 

Figure 3.3.1 (e) Model predicted daily PM10 concentrations at the sensitive receptors 

for the VTAPA Future scenario 
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Figure 3.3.1 (f) Model predicted annual average PM10 concentrations at the sensitive 

receptors for the VTAPA Future scenario 

 

The following isopleths depict the concentrations of three pollutants from all sources namely 

annual PM10, daily PM10, and daily SO2. For each Baseline scenario isopleth, the figure is 

followed by the Future scenario isopleth in the following graphs. For the detail result isopleths 

for each emission source category individually, please refer to Addendum A in the detailed 

Atmospheric Dispersion Modelling expert report. A comparison of the Baseline and the Future 

scenario isopleth illustrates the reduced footprint obtained with reduced emissions due to 

interventions. 
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Figure 3.3.1 (g) Model predicted 99th percentile daily SO2 ambient air quality 

concentration in µg/m3 for All Sources: VTAPA Baseline scenario 

 

Figure 3.3.1 (h) Model predicted 99th percentile daily SO2 ambient air quality 

concentration in µg/m3 for All Sources: VTAPA Future scenario 
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Figure 3.3.1.(i) Model predicted 99th percentile daily PM10 ambient air quality 

concentration in µg/m3 for All Sources: VTAPA Baseline scenario 

 

 

Figure3.3.1 (j) Model predicted 99th percentile daily PM10 ambient air quality 

concentration in µg/m3 for All Sources: VTAPA Future scenario 
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Figure 3.3.1 (k) Model predicted annual average PM10 ambient air quality 

concentration in µg/m3 for All Sources: VTAPA Baseline scenario 

 

Figure 3.3.1 (l): Model predicted annual average PM10 ambient air quality concentration 

in µg/m3 for All Sources: VTAPA Future scenario 
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3.3.2 HPA MODEL RESULTS  

The model predicted 99th percentile baseline scenario daily ambient SO2 concentrations as a 

result of all SO2 emissions sources are generally in compliance with the NAAQS in the HPA 

except for Kriel. Ambient air quality concentrations of SO2 for each source category are 

illustrated by Figure. It is evident from the figure that industrial emissions are a significant 

contributor to ambient SO2 concentrations with daily exceedances at Kriel due to fire 

prevention measures resulting in high biomass emissions implemented around the area. 

Additionally, it must be noted that other industrial activities such as: primary metallurgical and 

non-ferroalloy industries; clay brick manufacturing and vast number of small industrial sources 

contribute & impact significantly to the ambient SO2 load for the HPA airshed (HPA, 2010). 

Figure 3.3.2 (a) shows a significant improvement in the model predicted 99th percentile future 

scenario daily ambient SO2 concentrations, as a result of all SO2 emissions sources except for 

biomass burning. The plot indicates biomass burning continue to be a challenge for Kriel as it 

is the largest contributor in this area.
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Figure 3.3.2 (a) Model predicted daily SO2 concentrations at the sensitive receptors 

for the HPA baseline scenario

 

Figure 3.3.2 (b) Model predicted daily SO2 concentrations at the sensitive receptors 

for the HPA future scenario 

The model predicted 99th percentile daily baseline scenario ambient PM10 concentrations as a 

result of all PM10 emissions sources are in non-compliance with the NAAQS in the HPA 

airshed. Ambient air quality concentrations of PM10 for each source category are illustrated by 

Figure. It is evident from the figure herein, that mining emissions are the most significant 

contributor to ambient PM10 concentrations resulting in exceedances of the NAAQS PM10 

standard. Similarly, the predicted annual average PM10 concentrations resulting from all 

sources are in compliance with the annual NAAQS PM10 standard of 50 µg/m3 except for: 
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Greylingstad; Heidelberg; Kempton Park; Boksburg; Springs; Secunda and Leandra which are 

due to mining activities. This PM10 exceedance of the ambient annual air quality standard 

indicates a potential adverse impact on human health.Figure 3.3.2 (f) Model predicted annual 

average PM10 concentrations at the sensitive receptors for HPA future scenario 

A comparison between Figure 3.3.2 (c) and (d) shows a slight improvement in the model 

predicted 99th percentile future scenario daily ambient PM10 concentrations due to mining 

activities. This slight improvement was not enough to achieve compliance with the NAAQS. 

The plot indicates all other source remain low, with biomass burning emission high in Kriel.  

 

Figure 3.3.2 (c) Model predicted daily PM10 concentrations at the sensitive receptors 

for the HPA baseline scenario 
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Figure 3.3.2 (d) Model predicted annual average PM10 concentrations at the sensitive 

receptors for the HPA baseline scenario 

 

Figure 3.3.2 (e) Model predicted daily PM10 concentrations at the sensitive receptors 

for the HPA future scenario 

 

Figure 3.3.2 (f) Model predicted annual average PM10 concentrations at the sensitive 

receptors for HPA future scenario 

The following isopleths (from Figure 3.3.2 (g) onwards) depict the concentrations of three 

pollutants from all sources namely annual PM10, daily PM10, and daily SO2. For each 

Baseline scenario isopleth, the figure is followed by the Future scenario isopleth in the 

following figure, for comparison.  
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For the detail result isopleths for each emission source category individually, please refer to 

Addendum A in the detailed atmospheric dispersion modelling expert report. A comparison 

of the Baseline and the Future scenario isopleth illustrates the reduced footprint obtained 

with reduced emissions due to interventions. 

 

Figure 3.3.2 (g) Model predicted 99th percentile daily SO2 ambient air quality 

concentration in µg/m3 for All Sources: HPA Baseline scenario 
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Figure 3.3.2 (h) Model predicted 99th percentile daily SO2 ambient air quality 

concentration in µg/m3 for All Sources: HPA Future scenario 

 

Figure 3.3.3 (i) Model predicted 99th percentile daily PM10 ambient air quality 

concentration in µg/m3 for All Sources: HPA Baseline scenario 

 

 

Figure 3.3.2 (j) Model predicted 99th percentile daily PM10 ambient air quality 

concentration in µg/m3 for All Sources: HPA Future scenario 
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Figure 3.3.2 (k) Model predicted annual average PM10 ambient air quality concentration 

in µg/m3 for All Sources: HPA Baseline scenario 

 

3.3.3 WDM MODEL RESULTS  

The model predicted 99th percentile baseline scenario daily ambient SO2 concentrations as a 

result of all SO2 emissions sources are in compliance with the NAAQS at all discrete receptors 

in the WDM. Ambient air quality concentrations of SO2 for each source category are illustrated 

by Figure 3.3.3 (a) and Figure 3.3.3 (b). It is evident from the figure that emissions from 

industrial sources are the most significant contributor to ambient SO2 concentrations. Hence 

the highest predicted ambient concentrations of SO2 occur around Lephalale and Marapong, 

due to the close proximity of power generation sources to these areas.  

The model predicted 99th percentile future scenario daily ambient SO2 concentrations as a 

result of all SO2 emissions sources are in compliance with the NAAQS at all discrete receptors 

in the WDM. Figure  shows a significant improvement in the ambient SO2 concentrations for 

all discrete receptors except for in Modimolle. 
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Figure 3.3.3 (a) Model predicted daily SO2 concentrations at the sensitive receptors 

for the WDM baseline scenario 

 

Figure 3.3.3 (b) Model predicted daily SO2 concentrations at the sensitive receptors 

for the WDM future scenario 

The model predicted 99th percentile baseline scenario daily ambient PM10 concentrations as a 

result of all PM10 emissions sources are generally in compliance with the NAAQS in the WDM 

except for: Thabazimbi; Northam and Singapore. Ambient air quality concentrations of PM10 

for each source category are illustrated. It is evident from Figure 3.3.3 (c) and (d), that mining 

emissions reduce (note scale change) but remain the most significant contributor to ambient 

PM10 concentrations with exceedances at Thabazimbi; Northam and Singapore due to mining 

activities. The PM10 exceedance of the ambient annual air quality standard at Northam 

indicates a potential adverse impact on human health for the area. 
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The model predicted 99th percentile future scenario daily ambient PM10 concentrations as a 

result of all PM10 emissions sources showed a slight improvement in the ambient 

concentrations however exceedances persists for Thabazimbi; Northam and Singapore due 

to mining activities. 

 

Figure 3.3.3 (c) Model predicted daily PM10 concentrations at the sensitive receptors 

for the WDM baseline scenario 

 

Figure 3.3.3 (d) Model predicted annual average PM10 concentrations at the sensitive 

receptors for the WDM baseline scenario 
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Figure 3.3.3 (e) Model predicted daily PM10 concentrations at the sensitive receptors 

for the WDM future scenario 

 

Figure 3.3.3 (f) Model predicted annual average PM10 concentrations at the sensitive 

receptors for the WDM future scenario 
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The following isopleths (from Figure 3.3.3 (g) onwards) depict the concentrations of three 

pollutants from all sources namely annual PM10, daily PM10, and daily SO2. For each 

Baseline scenario isopleth, the figure is followed by the Future scenario isopleth in the 

following figure, for comparison.  

For the detail result isopleths for each emission source category individually, please refer to 

Addendum A in the detailed atmospheric dispersion modelling expert report. A comparison 

of the Baseline and the Future scenario isopleth illustrates the reduced footprint obtained 

with reduced emissions due to interventions. 

 

Figure 3.3.3 (g) Model predicted 99th percentile hourly SO2 ambient air quality 

concentration in µg/m3 for All Sources: WDM Baseline scenario 
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Figure 3.3.3 (h) Model predicted 99th percentile hourly SO2 ambient air quality 

concentration in µg/m3 for All Sources: WDM Future scenario 

 

Figure 3.3.3 (i) Model predicted 99th percentile daily PM10 ambient air quality 

concentration in µg/m3 for All Sources: WDM Baseline scenario 
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Figure 3.3.3 (j) Model predicted 99th percentile daily PM10 ambient air quality 

concentration in µg/m3 for All Sources: WDM Future scenario 

 

Figure 3.3.3 (k) Model predicted annual average PM10 ambient air quality concentration 

in µg/m3 for All Sources: WDM Baseline scenario 

 



61 | P a g e  
 

 

Figure 3.3.3 (l) Model predicted annual average PM10 ambient air quality concentration 

in µg/m3 for All Sources: WDM Future scenario 

 

3.3.4 ETK MODEL RESULTS  

The model predicted 99th percentile hourly and daily ambient SO2 concentrations as a result 

of all SO2 emissions sources are generally in compliance with the NAAQS in ETK except for: 

Clairwood and Isipingo. Ambient air quality concentrations of SO2 for the different source 

categories are illustrated by the figures. It is evident from Figure 3.3.4 onwards, that industrial 

emissions are the most significant contributor to ambient SO2 concentrations with short term 

exceedances at Clairwood and Isipingo due to listed activities. The model predicted annual 

average ambient SO2 concentrations as a result of all SO2 emissions sources are in 

compliance with the NAAQS at all discrete receptors in ETK. The daily and annual ambient 

air quality concentrations of SO2 for the different source categories are illustrated by Figure 

3.3.4 (a) and (b). 
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Figure 3.3.4 (a) Model predicted daily SO2 concentrations at the sensitive receptors 

for the ETK baseline scenario 

 

Figure 3.3.4 (b) Model predicted daily SO2 concentrations at the sensitive receptors for 

the ETK future scenario 

The model predicted 99th percentile daily ambient PM10 concentrations as a result of all PM10 

emissions sources are in compliance with the NAAQS for ETK. Ambient air quality 

concentrations of PM10 for the different source categories are illustrated. It is evident from the 

figures herein, that industrial emissions are a significant contributor to ambient PM10 

concentrations at Clairwood and Isipingo whilst vehicular activity contributes to ambient PM10 
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concentrations at Pinetown and Berea West in Addendum A indicates that the predicted 

annual average PM10 concentrations resulting from all sources are well below the annual 

NAAQS PM10 air quality standard of 50 µg/m3. 

 

Figure 3.3.4 (c) Model predicted daily PM10 concentrations at the sensitive receptors 

for the ETK baseline scenario 

 

Figure 3.3.4 (d) Model predicted annual average PM10 concentrations at the sensitive 

receptors for the ETK future scenario 
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Figure 3.3.4 (e) Model predicted daily PM10 concentrations at the ETK sensitive 

receptors for the different source categories 

 

The following isopleths (from Figure 3.3.4 (g) onwards) depict the concentrations of three 

pollutants from all sources namely annual PM10, daily PM10, and daily SO2. For each 

Baseline scenario isopleth, the figure is followed by the Future scenario isopleth in the 

following figure, for comparison.  

For the detail result isopleths for each emission source category individually, please refer to 

Addendum A in the detailed atmospheric dispersion modelling expert report. A comparison 

of the Baseline and the Future scenario isopleth illustrates the reduced footprint obtained 

with reduced emissions due to interventions. 
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Figure 3.3.4 (f) Model predicted 99th percentile daily SO2 ambient air quality 

concentration in µg/m3 for All Sources: ETK Baseline scenario 

 

Figure 3.3.4 (g) Model predicted 99th percentile daily SO2 ambient air quality 

concentration in µg/m3 for All Sources: ETK Future scenario 
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Figure 3.3.4 (h) Model predicted 99th percentile daily PM10 ambient air quality 

concentration in µg/m3 for All Sources: ETK Baseline scenario 

 

Figure 3.3.4 (i) Model predicted 99th percentile daily PM10 ambient air quality 

concentration in µg/m3 for All Sources: ETK Future scenario 
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Figure 3.3.4 (j) Model predicted annual average PM10 ambient air quality concentration 

in µg/m3 for All Sources: ETK Baseline scenario 

 

Figure 3.3.4 (k) Model predicted annual average PM10 ambient air quality concentration 

in µg/m3 for All Sources: ETK Future scenario 
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3.3.5 CPT MODEL RESULTS  

The model predicted 99th percentile baseline scenario daily ambient SO2 concentrations as a 

result of all SO2 emissions sources are generally in compliance with the NAAQS in CPT except 

at Khayelitsha. Ambient air quality concentrations of SO2 for the different source category, 

excluding domestic fuel burning in Khayelitsha, are illustrated by Figure 3.3.5 (a) and (b). 

Khayelitsha domestic fuel burning values were excluded due the high values for the figures to 

give a clear indication of the trends. It’s evident from the figure that industrial emissions impact 

ambient SO2 concentrations at: Cape Town; Bellville; Durbanville and Avondale whilst 

residential fuel burning is the dominant contributor to ambient SO2 concentrations at: Mitchells 

Plain; Cape Farms and Khayelitsha. 

 

Figure 3.3.5 (a) Model predicted daily SO2 concentrations at the sensitive receptors 

for the CPT baseline scenario 
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Figure 3.3.5 (b) Model predicted daily SO2 concentrations at the sensitive receptors for 

the CPT future scenario 

The model predicted 99th percentile baseline scenario daily ambient PM10 concentrations as a 

result of all PM10 emissions sources are generally in compliance with the NAAQS in CPT 

except for Khayelitsha. Khayelitsha domestic fuel burning values were excluded in the 

baseline scenario as the values were high values, so as to allow for the figures to give a clear 

indication of the trends. Ambient air quality concentrations of PM10 for the different source 

categories are illustrated by Figure and Figure . It’s evident from the figures that both 

residential fuel burning, and mining activities are the most significant contributors to ambient 

PM10 concentrations.  

The model predicted 99th percentile future scenario daily ambient PM10 concentrations as a 

result of all PM10 emissions sources showed a significant improvement in the ambient 

concentrations (Figure  and Figure ). The Khayelitsha domestic fuel values have been included 

in the plots as these reduced to levels that could be depicted.   
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Figure 3.3.5 (d) Model predicted annual average PM10 concentrations at the sensitive 

receptors for the CPT baseline scenario 

 

Figure 3.3.6 (e) Model predicted daily PM10 concentrations at the sensitive receptors 

for the CPT future scenario 
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Figure 3.3.5 (f) Model predicted annual average PM10 concentrations at the sensitive 

receptors for the CPT future scenario 

 

The following isopleths (from Figure 3.3.5 (g) onwards) depict the concentrations of three 

pollutants from all sources namely annual PM10, daily PM10, and daily SO2. For each 

Baseline scenario isopleth, the figure is followed by the Future scenario isopleth in the 

following figure, for comparison.  

For the detail result isopleths for each emission source category individually, please refer to 

Addendum A in the detailed atmospheric dispersion modelling expert report. A comparison 

of the Baseline and the Future scenario isopleth illustrates the reduced footprint obtained 

with reduced emissions due to interventions. 
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Figure 3.3.6 (g) Model predicted 99th percentile daily SO2 ambient air quality 

concentration in µg/m3 for All Sources: CPT Baseline scenario 

 

Figure 3.3.5 (h) Model predicted 99th percentile daily SO2 ambient air quality 

concentration in µg/m3 for All Sources: CPT Future scenario 
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Figure 3.3.5 (i) Model predicted 99th percentile daily PM10 ambient air quality 

concentration in µg/m3 for All Sources: CPT Baseline scenario 

 

Figure 3.3.5 (j) Model predicted 99th percentile daily PM10 ambient air quality 

concentration in µg/m3 for All Sources: CPT Future scenario 
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Figure 3.3.5 (k) Model predicted annual average PM10 ambient air quality 

concentration in µg/m3 for All Sources: CPT Baseline scenario 

 

Figure 3.3.5 (l) Model predicted annual average PM10 ambient air quality concentration 

in µg/m3 for All Sources: CPT Future scenario 
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3.3.6 ZDM MODEL RESULTS  

The model predicted 99th percentile baseline scenario daily ambient SO2 concentrations as a 

result of all SO2 emissions sources are in compliance with the NAAQS at all discrete receptors 

in the ZDM. Figure 3.3.7 (a) indicates that the predicted annual average SO2 concentrations 

resulting from all sources are below the annual NAAQS SO2 standard of 50 µg/m3, the lowest 

ambient concentration in all the areas of interest. The plot depicts the ambient air quality 

concentrations of SO2 for the different source categories. The Figure shows a marginal 

improvement in the model predicted 99th percentile future scenario daily ambient SO2 

concentrations, which was expected as the ambient concentrations were already low.  

 

Figure 3.3.6 (a) Model predicted daily SO2 concentrations at the sensitive receptors for 

the ZDM baseline scenario 
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Figure 3.3.6 (b) Model predicted daily SO2 concentrations at the sensitive receptors 

for the ZDM future scenario 

The model predicted 99th percentile daily baseline scenario ambient PM10 concentrations as a 

result of all PM10 emissions sources are also very low for ZDM and are in non-compliance with 

the NAAQS. Ambient air quality concentrations of PM10 for each source category are illustrated 

by Figure 3.3.6 (c). The plot show that mining activities are the largest contributor to ambient 

PM10 concentrations in ZDM. This might be due to the crude method used in determining the 

mining emissions. 

Figure  3.3.6 (d) shows a significant improvement in the model predicted 99th percentile future 

scenario daily ambient PM10 concentrations due to mining activities. ZDM remains compliant 

with the NAAQS. The plot indicates all other source remain low, ambient concentrations of 

close to zero. 
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Figure 3.3.6 (c) Model predicted daily PM10 concentrations at the sensitive receptors 

for the ZDM baseline scenario 

 

Figure 3.3.6 (d) Model predicted annual average PM10 concentrations at the sensitive 

receptors for the ZDM baseline scenario 
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Figure 3.3.6 (e) Model predicted daily PM10 concentrations at the ZDM sensitive 

receptors for the different source categories 

 

Figure 3.3.6 (f) Model predicted annual average PM10 concentrations at the ZDM 

sensitive receptors for the different source categories 
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The following isopleths (from Figure 3.3.6 (g) onwards) depict the concentrations of three 

pollutants from all sources namely annual PM10, daily PM10, and daily SO2. For each 

Baseline scenario isopleth, the figure is followed by the Future scenario isopleth in the 

following figure, for comparison.  

For the detail result isopleths for each emission source category individually, please refer to 

Addendum A in the detailed atmospheric dispersion modelling expert report. A comparison 

of the Baseline and the Future scenario isopleth illustrates the reduced footprint obtained 

with reduced emissions due to interventions. 

 

 

Figure 3.3.6 (g) Model predicted 99th percentile daily SO2 ambient air quality 

concentration in µg/m3 for All Sources: ZDM Baseline scenario 



80 | P a g e  
 

Figure 3.3.6 (h) Model predicted 99th percentile daily SO2 ambient air quality 

concentration in µg/m3 for All Sources: ZDM Future scenario 

 

Figure 3.3.6 (i) Model predicted 99th percentile daily PM10 ambient air quality 

concentration in µg/m3 for All Sources: ZDM Baseline scenario 
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Figure 3.3.6 (j) Future Model predicted 99th percentile daily PM10 ambient air quality 

concentration in µg/m3 for All Sources: ZDM Future scenario 

 

Figure 3.3.6 (k) Model predicted annual average PM10 ambient air quality 

concentration in µg/m3 for All Sources: ZDM Baseline scenario 
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Figure 3.3.6 (l) Model predicted annual average PM10 ambient air quality concentration 

in µg/m3 for All Sources: ZDM Future scenario 

 

3.4 DISPERSION MODELLING, LIMITATIONS AND HEALTH IMPACT ASSESSMENT 

(HIA) 

The simulated delta between the Baseline scenario and Future scenario presented as 

isopleths will be combined with exposure response functions in Chapter 4 (human health 

effects) to derive differences in impacts on public health. The delta between the two scenarios 

is necessary to connect air quality modelling results - presented as concentration isopleths 

superimposed on maps of areas - with the number of people affected in a given area. As such, 

this report presents the delta isopleths derived from the two scenarios i.e. the change in 

modelled concentrations between the Baseline and Future scenarios. Thereafter, morbidity 

and mortality Benefit cases will be assigned to that change in concentration and compared to 

Cost incurred to effect reduced cases by reducing emissions. However, it should be noted that 

the Health Impact Assessment will take into consideration the annual (for mortality 

calculations) and 24-Hour modelled PM10 concentrations whereas only 24-hour modelled 

concentration will be considered for SO2 (for morbidity calculations).  

 

As indicated in the Background section of Chapter 1, benchmarking with other CBA studies 

seldom include ozone and other secondary pollutants, lead and mercury. Due to a lack of 
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photochemical modelling and secondary pollutant data, lead and mercury data in the areas 

studied in South Africa, these pollutants were excluded from the present CBA. Recent health 

impact studies start to consider the impact of PM on cancer which was excluded from this 

study. Although the CBA used a conservative approach for the pollutants that were included 

to determine the impact of air pollution on health in South Africa; the total numbers probably 

remain an underestimation of health impacts due to air pollution.  
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CHAPTER FOUR 

4 HEALTH IMPACT ASSESSMENT  

4.1 HEALTH RISK ASSESSMENT APPROACH 

The air quality modelling report (Addendum A) presented the difference between the existing 

(baseline) and future scenario ambient air concentrations of the criteria pollutants particulate 

matter (PM2.5) and sulphur dioxide (SO2). It is important to note that it is common to observe 

increases in mortality or hospitalisation rates even when the prevalent air concentrations do 

not exceed the environmental air quality guidelines or standards. For example, health effects 

from exposure to PM2.5 concentrations below particulate matter air quality guidelines are well 

documented (WHO 2000 and 2005). Simplistic comparisons between exposure 

concentrations and ambient air quality guidelines are inadequate to quantify health outcomes, 

mainly because ambient air quality guidelines are used for management of air quality and are 

not intended for risk quantification. Furthermore, researchers have not been able to establish 

a safe threshold below which there are no health risks (WHO 2000 and 2005). Assessment of 

impacts of air pollutants on health may not be restricted to areas in which the guideline 

concentrations are exceeded but should also include areas in which air concentrations are 

within the limits. 

Mortality or hospitalisation rates for respiratory or cardiovascular causes are the measures of 

associated illness that are mostly applied in epidemiological studies of community health risks 

associated with exposure to criteria pollutants. The international scientific literature is not static 

and major regulatory agencies such as the US Environmental Protection Agency (USEPA) 

and the UK Committee on the Medical Effects of Air Pollutants (COMEAP) regularly review 

their risk models. 

 

In general, predicted (modelled) or measured (monitored) impacts of industrial emissions on 

air concentrations are used as a basis to quantify impacts on health. This is achieved by 

calculating the potential increase in or contribution to hospital admissions or mortality due to 

specific causes, associated with air concentrations of specific pollutants. These calculations 

are based on results of epidemiological studies reported in the international scientific literature 

in which statistical methods were used to compare changes in hospitalisation or mortality rates 

with changes in air quality. Current statistical methods use the concept of relative risk (RR) to 

derive the potential percentage increase in or contribution to effects. These calculations are 

based on results of studies reported in the international scientific literature in which statistical 

methods were used to compare changes in hospitalisation or mortality rates with changes in 

air quality. 
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The potential number of deaths or hospital admissions associated with the concentration of a 

pollutant contributed by a specific source is calculated using the following equations and 

methods of the World Health Organization (WHO 2005 and Ostro 2004). 

𝐸 = 𝐴𝐹 × 𝑃 × 𝐵/1000 

Where: 

E Potential mortalities or morbidities per day or per year due to exposure to the pollutant 

AF The attributable fraction of mortalities or morbidities due to exposure to the pollutant 

B The population incidence of mortality or morbidity (e.g., deaths or hospitalisation rates 

per 1 000 people) 

P Size of the exposed population (number) 

 

The AF may be considered as the fraction of the health effect incidence in the exposed 

population that could be prevented if exposure to the pollutant was eliminated (Last et al. 

2000) and is calculated as follows: 

𝐴𝐹 =
(𝑅𝑅 − 1)

𝑅𝑅
 

Where: 

RR The relative risk of mortality or morbidity due to exposure to the pollutant 

 

In cases where incremental contributions in pollutant concentrations are estimated, the 

relative risk of mortality or morbidity (RR) in the exposed population may be calculated as 

follows: 

𝑅𝑅 = 𝑒(∆ 𝑑𝑒𝑎𝑡ℎ𝑠 × ∆𝑝) 

Where: 

Δ deaths Potential proportion change in mortality associated with a change in the 

pollutant concentration of 1 µg/m3 

Δ p  The modelled change in the pollutant concentration in µg/m3 
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The above changes can be calculated per day or per year. If the averaging time of the pollutant 

was reported as daily (the daily mean concentration) in the literature, the daily population 

incidence of the health effect must be estimated (per 1 000 people) and the modelled daily 

mean concentration is used to calculate the potential daily increase in the particular health 

effect incidence. These health risks may also be expressed as a personal risk of experiencing 

key health effects associated with exposure to a criteria air pollutant. 

4.2 POPULATION DATA  

Population data are needed to interpret the results of the health risk assessment. Population 

estimates are provided annually by Statistics South Africa (Stats SA), and population survey 

data were recently updated with the results of the 2016 Community Survey (Stats SA 2016a). 

Community surveys are not conducted annually, due to considerable expenditures in terms of 

costs and manpower. However, updated population estimates are vital for government and 

private sector planning functions and are made available each year. The population survey 

results are viewed as more dependable (more certain) than the annual population estimates. 

The Stats SA annual population estimate reports (e.g., Stats SA 2016b) do not differentiate 

population numbers to more than provincial detail but do differentiate age groups in 5-year 

groups; these are, 0 to 4 years, 5 to 9 years, and so forth. Provincial and municipal level 

population data are published in the survey reports (e.g., Stats SA 2016c), but the reports do 

not differentiate 5-year age groups. 

Sub-municipal level data relevant to specific wards are sometimes needed, which may be 

sourced directly from the Municipal Demarcation Board, or from other websites presenting the 

wards in a visually accessible geographical manner. This is needed to connect air quality 

modelling, presented as concentration isopleths superimposed on maps of areas, with the 

number of people affected in each area. The website used to differentiate wards is Wazimap 

(online), generated by the non-profit organisation Media Monitoring Africa (MMA). Wazimaps 

presents 2016 demarcations with 2011 population census data. The 2011 Stats SA population 

census data was differentiated to ward detail in Microsoft Office Excel format. Ward 

populations in 2016 may be derived from 2011 ward populations by a population growth rate 

calculation (Equation 2.3.1) involving the 2011 to 2016 inter-census growth rate for the 

relevant municipality, published in the Stats SA 2016 provincial survey report (Stats SA 

2016b). 
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𝑃2 = 𝑃1 × 𝑒𝑘𝑡 

Where: 

P2 Population number at end of period t 

P1 Population number at beginning of period t 

k Growth rate (per annum) 

t Growth period (years) 

 

Table 4.2 Population Demographics across the Six Study Areas of the CBA 

Areas All ages Children 

< 15 years 

Older adults 

> 65 years 

Vaal Triangle Priority Area (VTAPA)* 5 158 941 1 320 572 278 111 

Gauteng (HPA)* 6 766 728 1 721 445 363 783 

Mpumalanga (HPA) 1 576 873 478 762 68 671 

Waterberg District Municipality (WDM) 745 758 242 330 36 632 

City of Cape Town (CPT) 4 004 793 994 017 252 878 

eThekwini (ETK) 3 661 911 1 276 666 169 136 

ZF Mgcawu District Municipality (ZDM) 252 692 70 508 16 551 

TOTAL  22 167 696 6 104 300 1 185 762 

* VTAPA includes most of City of Johannesburg; and HPA includes most of City of Tshwane 

 

Table 4.2 presents the population demographics for each area studied in the CBA. The total 

population for all ages is 22.2 million which represents about 44% of the South African 

population in 2016; and these areas also included the most densely populated and most 

polluted areas of South Africa. A percentage of 27.5% of the population in the studied areas 

were children under 15 and 5% of the population were elderly (above 65 years old); vulnerable 

groups that were assessed differently in the health impact assessment.    
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4.3 HEALTH DATA 

Environmental health risk assessment involves quantification of risks in terms of population 

numbers and this requires population rates of causes of death and prevalence and 

hospitalisation rates of certain diseases. The estimated mortality numbers were calculated for 

each area (See Addendums B to G for details per study area). The most recent release of 

cause-of-death data by Stats SA is the 2017 report of the causes of death in 2015 (Stats SA 

2017). The release of mortality statistics for 2016 is planned for November 2017 (Stats SA 

2017). We assumed that the mortality rates (number of deaths per 1 000 population) for 

various causes would remain stable from 2015 to 2016 and estimated the numbers of deaths 

for the population in 2016. Mortality numbers are conservative, because decimal numbers are 

rounded to the greater integer. The causes of death grouped in Stats SA (2017) and included 

in the cardiovascular (with stroke) mortality group are: 

 Ischaemic heart diseases (codes I20 to I25) 

 Cerebrovascular diseases (codes I60 to I69) 

 Other forms of heart disease (codes I30 to I52) 

For the purpose of this report, cerebrovascular diseases are equated to stroke. The codes in 

brackets are the Stats SA (2017) grouping according to the 10th Revision of the ICD-10 codes, 

the disease classification codes of the International Statistical Classification of Diseases and 

Related Health Problems, maintained by the World Health Organization (WHO online). The 

mortality numbers in the study areas are summarised in Table 4.3 (a). 
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Table 4.3 (a) Summarised Mortality Cases Across the Six Study Areas (annual) 

Areas All natural 

(disease-related) 

causes 

Cardiovascular 

mortality including 

stroke 

Vaal Triangle Priority Area (VTAPA) 35 079 4 684 

Gauteng (HPA) 44 652 5 961 

Mpumalanga (HPA) 11 249 1 459 

Waterberg District Municipality (WDM) 5 589 657 

City of Cape Town (CPT) 27 649 4 641 

eThekwini (ETK) 24 234 3 841 

ZF Mgcawu District Municipality (ZDM) 2 621 327 

 

Hospital admissions data were obtained from the Econex (2015) report on private hospital 

utilisation. The data were limited to private hospitals, which serve mostly medical aid 

beneficiaries and did not include public hospital admissions (data not available). However, 

the study used the medical aid beneficiary numbers (private hospital utilisers) and the 

availability of beds in public and private hospitals to estimate the number of admissions in 

public hospitals, based on the assumption that the case-mix for cardiovascular and 

respiratory diseases would be comparable between public and private hospitals. This is not 

necessarily the case but was the only available approach in view of the lack of hospitalisation 

data for the public sector. Data processing was necessary to estimate numbers hospitalised 

in various local municipalities, since cardiovascular and respiratory disease admissions were 

not reported as population rates, but as absolute numbers in various age bands (Econex 

2015). 

 

The use of this data source has a potential of significantly underestimating and thus affecting 

the trued reflection of the outcomes of the study. The approach excludes the vulnerable 

populations living in low-income dense settlements, who are at high risk of exposure to air 

pollution, which is worsened by indoor pollution (which was not the purpose of this study- 

the study focussed on ambient air quality only). A disjuncture is therefore presented as this 

presents a challenge in exposure-effect evaluation, although the study did extrapolate the 

cost of treatment of low-income inhabitant areas as described above. 
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The number of children hospitalised with asthma was derived based on asthma admission 

rates reported for all ages by Econex (2015), which did not differentiate asthma admissions 

in age bands. The apportionment of all ages asthma admissions between children and adults 

in South Africa was based on the conclusion by Green (2011), citing the Global Burden of 

Asthma Report (Beasley 2004), that the prevalence of childhood asthma in South Africa was 

similar to the global average. Therefore, major differences between the burden of childhood 

asthma in South Africa and the western world are not as likely as might previously have been 

thought. Thus, it is assumed that the finding by Merrill et al. (2008) that rates of asthma 

hospitalisation in the USA were about 1.5 times higher in children compared to adults, would 

also be applicable in South Africa. Therefore, the study apportioned 67 per cent of the 

hospitalisations reported by Econex (2015) to children and 33 per cent to adults. The 

hospitalisation numbers derived are summarised in Table 4.3 (b). For more details refer to 

Addendums B-G. 

 

Table 4.3 (b) Hospitalisation statistics for various health endpoints within the Six Study 

Areas  

Areas 
Cardiovascular 

(all ages) 

Respiratory 

(all ages) 

Asthma 

(all ages) 

Respiratory 

(65+ years) 

Asthma 

(0 - 14 years) 

Vaal Triangle Priority Area (VTAPA) 37 402 57 530 5 032 11 322 3 019 

Gauteng (HPA) 49 058 75 459 6 600 14 850 3 960 

Mpumalanga (HPA) 11 432 17 584 1 538 3 461 923 

Waterberg District Municipality (WDM) 5 407 8 316 727 1 637 436 

City of Cape Town (CPT) 29 034 44 659 3 906 8 789 2 344 

eThekwini (ETK) 26 548 40 836 3 572 8 036 2 143 

ZF Mgcawu District Municipality (ZDM) 1 832 2 818 246 555 148 

 

4.4 HEALTH OUTCOMES ASSESSED IN THIS STUDY FOR PARTICULATE 

MATTER AND SULPHUR  

The concentrations to which receptors might be exposed refer to results of mathematical air 

dispersion modelling described in Chapter 3 (for details see Addendum A). Ground-level 

ambient air concentration isopleths of the criteria pollutants PM2.5 and SO2 were provided for 

4 different source categories, namely industry, domestic fuel burning, mines, and vehicles. 

Concentration isopleths are contour lines and, in the maps, provided, areas in different colours 

between contour lines represented areas with similar concentrations. A set of concentration 

isopleths should not be interpreted as discrete lines, but rather as a continuum of 
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concentrations from high to low with increasing distance from the pollutant source. Therefore, 

concentrations were extrapolated between isopleths in cases where a ward was covered by 

more than one isopleth. 

In this project, final health cost calculations were done on the number of cases or lives saved 

by specific source interventions. Therefore, it was necessary to provide as accurate an 

account of the numbers of people exposed to specific concentrations as possible. The difficulty 

is that population density is very rarely homogenously distributed over large geographical 

areas and the compilation of accurate population numbers exposed to similar concentrations 

might require time-consuming effort. This is particularly difficult when concentration isopleths 

do not coincide with municipality or ward borders, as is mostly the case. 

Short-term concentration isopleths were provided for the 75th percentiles. The short-term 75th 

percentiles serve as conservative estimates (compared to the median of 50th percentile used 

in some other CBA studies) of representative daily exposure over the long term and were used 

to estimate the health risk in terms of additional cumulative cases over a period of 1 year. This 

is conservative since the 75th percentile represents the maximum value below which the 

concentrations of approximately 274 days (75 per cent of the days) of a year were predicted 

by the air dispersion model. The HHRA approach is to calculate the additional cumulative 

cases over a period of 1 year; therefore, multiplying the additional number of daily cases 

associated with the 75th percentile with 365 days is a significantly conservative assessment. 

Long-term (annual average) concentration isopleths are used to estimate the personal risk of 

mortality and hospitalisation associated with long-term exposure. 

 

Particulate matter (PM) is the term used to describe a complex group of air pollutants that vary 

in size, mass and composition, depending on locality and source (USEPA 2009). PM includes 

a mixture of solid particles and liquid droplets. PM may be classified by size as “total 

suspended particulates” (TSP), “coarse” particles less than 10 µm aerodynamic diameter 

(PM10), “fine” particles less than 2.5 µm diameter (PM2.5) and “ultrafine” particles less than 0.1 

µm diameter (PM0.1). Thoracic is a term frequently used in reference to PM (10-2.5), which 

does not include the fine particle range (USEPA 2009). PM10 is comprised of both fine (PM2.5) 

and thoracic coarse particles (PM10-2.5). 

 

The USEPA (2009) published an Integrated Science Assessment (ISA) on health effects 

associated with exposure to airborne particulates. The agency had previously concluded that 

PM2.5 was the indicator of choice for PM health risk assessment, and this is supported by other 

international authorities. COMEAP (2007) concluded that strong evidence of an association 
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between long-term exposure to particulate air pollution and effects on mortality exists, and that 

PM2.5 was the most satisfactory index of particulate air pollution for quantitative assessments. 

The World Health Organization (WHO 2005) based the particulate matter guidelines on 

epidemiological studies of PM2.5, and then extrapolated the resulting PM2.5 guideline to a PM10 

guideline. This was done because “at present the majority of monitoring data is based on 

measurement of PM10 as opposed to other particulate matter metrics”. The most recent WHO 

reports (2013a and b) provided evidence for the causality of health effects associated with 

exposure to PM and also concluded that quantification of risks based on PM2.5 was more 

reliable than quantification based on PM10. 

4.5 PARTICULATE MATTER RELATIVE RISK RATIOS FOR HEALTH RISK 

CALCULATIONS 

Relative risk ratios (the RRs) that are used in the risk assessment for PM2.5 are listed in Tables 

4 and 5. Relative risks were determined for short- and long-term exposure to PM2.5. RRs for 

short-term exposure developed by the USEPA (2009) and the WHO (2013b) are both used, 

and risks are reported as a range of results based on the USEPA and WHO RRs. Regarding 

long-term exposure, the WHO considered the age group of thirty years and older, while the 

USEPA considered the all-ages group. INFOTOX used the USEPA estimates for the all-ages 

group, since detailed demographic data are not always available for local communities. 

 

Table 4.5.2 (a) Short-term PM2.5 RRs used by the USEPA and WHO 

 

Identified outcome 

RR per 10 μg/m3 PM2.5 increase or contribution 

USEPA WHO 

All-cause (natural) mortality 1.0101 1.0123 

Cardiovascular admissions 1.0100 1.0091 

Respiratory admissions 1.0111 1.0190 
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Table 4.5.2 (b) Long-term PM2.5 RRs used by the USEPA 

 

Identified outcome 

RR per 10 μg/m3 PM2.5 increase or contribution 

USEPA 

All-cause (natural) mortality 1.0109 

Cardiovascular mortality 

(including stroke) 

1.0130 

Bronchitis (children) hospital 

admissions* 

1.0130 

 

The health risk assessment results are presented in Tables 6 to Table 23; which were used 

as the basis to calculate the health costs.  

Table 4.5.2 (c) Cumulative annual natural mortality, CV Admissions and Respiratory 

Admissions based on short-term PM2.5 within VTAPA 

Cumulative annual cases in the VTAPA based on short-term PM2.5 exposure 

Exposure source Natural Mortality Cardiovascular 

Hospital Admissions 

Respiratory HA 

Domestic fuel burning  1.1  1.0 2.9 

Mines  137.9 119.6 348.7 

Industrial  1.0 0.9 2.6 

Vehicles  148.8 129.0 376.2  
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Table 4.5.2 (d) Cumulative annual natural mortality, CV Admissions and Respiratory 

Admissions based on short-term PM2.5 within HPA 

Cumulative annual cases in the HPA based on short-term PM2.5 exposure 

Exposure source Natural Mortality Cardiovascular 

Hospital Admissions 

Respiratory HA 

Domestic fuel burning 7.9 7.1 20.2 

Mines 1 376.1 1 216.5 3 493.8 

Industrial 317.5 276.5 799.4 

Vehicles 151.6 134.2 391.6 

 

Table 4.5.2 (e) Cumulative annual natural mortality, CV Admissions and Respiratory 

Admissions based on short-term PM2.5 within WDM 

Cumulative annual cases in the WDM based on short-term PM2.5 exposure 

Exposure source Natural 

Mortality 

Cardiovascular Hospital 

Admissions 

Respiratory HA 

Domestic fuel burning 0.05 0.04 0.11 

Mines 1.31 1.03 3.00 

Industrial Contribution not significantly different from background 

Vehicles 0.53 0.42 1.22 
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Table 4.5.2. (f) Cumulative annual natural mortality, CV Admissions and Respiratory 

Admissions based on short-term PM2.5 within CPT 

Cumulative annual cases in the CPT based on short-term PM2.5 exposure 

Exposure source Natural 

Mortality 

Cardiovascular Hospital 

Admissions 

Respiratory HA 

Domestic fuel burning 24.6  20.7  60.4 

Mines 8.5 7.1 20.9 

Industrial 1.2 1.0 3.0 

Vehicles 14.4 12.1 35.4  

 

Table 4.5.2 (g) Cumulative annual natural mortality, CV Admissions and Respiratory 

Admissions based on short-term PM2.5 within ETK 

Cumulative annual cases in ETK based on short-term PM2.5 exposure 

Exposure source Natural 

Mortality 

Cardiovascular Hospital 

Admissions 

Respiratory HA 

Domestic fuel burning 1.23 1.09 3.19 

Mines 1.31 1.17 3.41 

Industrial 4.30 3.83 11.19 

Vehicles 10.5 9.3 27.2 
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Table 4.5.2 (h) Cumulative annual natural mortality, CV Admissions and Respiratory 

Admissions based on short-term PM2.5 within ZDM 

Cumulative annual cases in ZDM based on short-term PM2.5 exposure 

Exposure source Natural 

Mortality 

Cardiovascular Hospital 

Admissions 

Respiratory HA 

Domestic fuel burning 0.0042 - 0.0051 0.0029 0.0050 - 0.0085 

Mines 0.010 - 0.012 0.0071 0.012 - 0.021 

Industrial 0.0019 - 0.0024 0.0013 0.0023 - 0.0039 

Vehicles 0.051 - 0.061 0.035 0.06 - 0.10 

 

Table 4.5.2 (i) Annual cases in VTAPA based on average annual PM2.5 exposure  

Cumulative annual cases in the VTAPA based on annual PM2.5 exposure 

Exposure source Natural Mortality Cardiovascular 

Hospital Admissions 

Respiratory HA 

Domestic fuel burning  1. 0.2 0.003 

Mines  97.9 15.6 0.195 

Industrial  0.3 0.004 0.003 

Vehicles 100.6 16.0 0.260  

 

Table 4.5.2 (j) Annual cases in HPA based on average annual PM2.5 exposure 

Cumulative annual cases in the HPA based on annual PM2.5. exposure  

Exposure source Natural Mortality Cardiovascular 

Hospital Admissions 

Respiratory HA 

Domestic fuel burning  9.3 1.5 0.006 

Mines  1146.8 181 0.970 

Industrial 207.72 32.85 0.454 

Vehicles 103.3 16.4  0.292  
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Table 4.5.2 (k) Annual cases in WDM based on average annual PM2.5 exposure 

Cumulative annual cases in the WDM based on annual PM2.5 exposure  

Exposure source Natural Mortality Cardiovascular 

Hospital Admissions 

Respiratory HA 

Domestic fuel burning  0.041 0.006 0.001 

Mines  1.07 0.15 0.013 

Industrial Contribution not significantly different from background 

Vehicles 0.3499 0.05 0.003 

 

Table 4.5.2 (l) Annual cases in CPT based on average annual PM2.5 exposure 

Cumulative annual cases in the CPT based on annual PM2.5. exposure 

Exposure source Natural Mortality Cardiovascular 

Hospital Admissions 

Respiratory HA 

Domestic fuel burning  19.3 3.9 0.040 

Mines 6.0 1.2 0.024 

Industrial 0.8 0.2 0.004 

Vehicles 10.9 2.2  0.028 

 

Table 4.5.2 (m) Annual cases in ETK based on average annual PM2.5 exposure 

Cumulative annual cases in the ETK based on annual PM2.5 exposure 

Exposure source Natural Mortality Cardiovascular 

Hospital Admissions 

Respiratory HA 

Domestic fuel burning 1.00 0.19 0.006 

Mines 0.84 0.16 0.001 

Industrial 3.25 0.61 0.013 

Vehicles 7.83 1.48 0.036 
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Table 4.5.2 (n) Annual cases in ZDM based on average annual PM2.5 exposure 

Cumulative annual cases in the ZDM based on annual PM2.5 exposure 

Exposure source Natural Mortality Cardiovascular 

Hospital Admissions 

Respiratory HA 

Domestic fuel burning 0.0036 0.00053 0.00069 

Mines 0.011 0.0017 0.0036 

Industrial 0.0022 0.00032 0.00081 

Vehicles 0.044 0.0066 0.01 

 

4.6 HEALTH RISK ASSESSMENT RESULTS: SO2 

Conversion of SO2 to other sulphur compounds in the atmosphere has been disregarded in 

the exposure and risk calculations in this document. Any conversions and associated health 

effects are implicitly included in the epidemiological studies in which health effects of SO2 were 

quantified. 

4.7 SHORT-TERM EXPOSURE TO SO2 

Evaluation of the health evidence led to the conclusion that there is a causal relationship 

between respiratory morbidity and short-term exposure to SO2. This conclusion is supported 

by the consistency, coherence, and plausibility of findings observed in human clinical studies 

with 5 to 10-minute exposures, epidemiological studies using largely 24-hour average 

exposures, and animal toxicological studies using exposures of minutes to hours. Associations 

are indicated between short-term (more than one hour, generally 24-hour average) exposure 

to SO2 and several measures of respiratory health, including respiratory symptoms, 

inflammation, airway hyper-responsiveness, and emergency department visits and 

hospitalisations for respiratory causes (USEPA 2008). 

Epidemiological studies provide consistent evidence of an association between ambient SO2 

and respiratory symptoms in children, particularly those with asthma or chronic respiratory 

symptoms, while evidence of the association with respiratory symptoms in adults is 

inconsistent. SO2-related respiratory effects are more pronounced in asthmatic children and 

older adults (65+ years). The estimates for emergency department visits and hospitalisations 

for all respiratory causes, including asthma, ranged from negligible to a 20 per cent excess 

risk per 10-ppb increase in 24-hour averaged SO2, particularly among children and older 
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adults (65+ years). The observed effects of SO2 on respiratory endpoints appear to be 

independent of other ambient air pollutants (USEPA 2008). Epidemiological studies reported 

associations between mortality and SO2, often at mean 24-hour averaged levels less than 10 

ppb, and the evidence was suggestive of a causal relationship. 

Table 4.5.4 (a) Cumulative annual hospital admissions based on the 75th percentile 

short-term SO2 within VTAPA 

 

Health effect 

Admissions per exposure source 

Domestic Fuel 

Burning 

Industrial Vehicles 

Asthma admissions: children 0.9 0.7 1.1 

Asthma admissions: all ages 1.2 1.0 1.5 

Respiratory admissions including 

asthma: all ages 

14.2 11.4 17.2 

Respiratory admissions older 

people (65+ years) all causes 

including asthma 

2.8 2.2 3.4 

 

Table 4.5.4 (b) Cumulative annual hospital admissions based on the 75th percentile 

short-term SO2 within HPA 

 

Health effect 

Admissions per exposure source 

Domestic Fuel 

Burning 

Industrial Vehicles 

Asthma admissions: children 2.6 21.5 2.2 

Asthma admissions: all ages 3.5 28.7 2.9 

Respiratory admissions including 

asthma: all ages 

39.6 328.6 33.7 

Respiratory admissions older 

people (65+ years) all causes 

including asthma 

7.8 64.7 6.6 
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Table 4.5.4 (c) Cumulative annual hospital admissions based on the 75th percentile 

short-term SO2 within WDM 

 

Health effect 

Admissions per exposure source 

Domestic fuel 

burning 

Industrial Vehicles 

Asthma admissions: children 0.0003 0.65 0.01 

Asthma admissions: all ages 0.0004 0.86 0.01 

Respiratory admissions including 

asthma: all ages 

0.0043 9.85 0.08 

Respiratory admissions older 

people (65+ years) all causes 

including asthma 

0.0008 1.94 0.02 

 

Table 4.5.4 (d) Cumulative annual hospital admissions based on the 75th percentile 

short-term SO2 within CPT 

 

Health effect 

Admissions per exposure source 

Domestic fuel 

burning 

Industrial Vehicles 

Asthma admissions: children 16.4 3.8 15.6 

Asthma admissions: all ages 21.9 5.1 20.8 

Respiratory admissions including 

asthma: all ages 

250.9 58.6 237.3 

Respiratory admissions older 

people (65+ years) all causes 

including asthma 

49.4 11.5 46.7 
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Table 4.5.4 (e) Cumulative annual hospital admissions based on the 75th percentile 

short-term SO2 within eThekwini 

 

Health effect 

Admissions per exposure source 

Domestic fuel 

burning 

Industrial Vehicles 

Asthma admissions: children 1.37 6.63 1.6 

Asthma admissions: all ages 1.83 8.85 2.1 

Respiratory admissions including 

asthma: all ages 

20.95 101.14 24.2 

Respiratory admissions older 

people (65+ years) all causes 

including asthma 

4.12 19.90 4.8 

 

Table 4.5.4 (f) Cumulative annual hospital admissions based on the 75th percentile 

short-term SO2 within ZDM 

 

Health effect 

Admissions per exposure source 

Domestic fuel 

burning 

Industrial Vehicles 

Asthma admissions: children 2.06E-03 2.25E-04 1.01E-03 

Asthma admissions: all ages 2.75E-03 3.00E-04 1.35E-03 

Respiratory admissions including 

asthma: all ages 

3.15E-02 3.43E-03 1.54E-02 

Respiratory admissions older 

people (65+ years) all causes 

including asthma 

6.19E-03 6.75E-04 3.03E-03 
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4.8 LONG-TERM EXPOSURE TO SO2 

RRs for chronic exposures are not given in this report (See Addendums B-G). The USEPA 

(2008) reviewed the literature with regards to mortality and concluded that the lack of 

consistency and of strong and significant associations precluded the inference of a causal 

relationship. The USEPA also reviewed several epidemiological studies that examined the 

effects of long-term exposure to SO2 on asthma, bronchitis, and respiratory symptoms. 

Although positive associations were observed in children, it was concluded that the variety of 

outcomes examined and the inconsistencies in the observed results made it difficult to assess 

the direct impact of long-term exposure of SO2 on respiratory symptoms. It was also concluded 

that epidemiological and animal toxicological evidence was inadequate to infer that long-term 

exposure to SO2 has a detrimental effect on lung function. Similar conclusions were reached 

with regard to potential detrimental effects on birth outcomes. 

4.9 PM/SO2 EXPOSURE ESTIMATES USING THE 75TH PERCENTILE 

Short-term concentration isopleths were provided for the 75th and 90th percentiles. The short-

term 75th percentiles serve as conservative estimates (compared to some studies using 

median and 50th percentiles- see below) of representative daily exposure over the long term 

and were used to estimate the health risk in terms of additional cumulative cases over a period 

of 1 year. This is conservative since the 75th percentile represents the maximum value below 

which the concentrations of approximately 274 days (75 per cent of the days) of a year were 

predicted by the air dispersion model. The HHRA approach is to calculate the additional 

cumulative cases over a period of 1 year; therefore, multiplying the additional number of daily 

cases associated with the 75th percentile with 365 days is a significantly conservative 

assessment, compared to other approaches used in literature which uses the median (50th 

percentile) value. 

The use of specific percentile decisions depends on the purpose of the study, for example,  

- The 99th percentile of 24-hour average is used for Ambient Air Quality Standards 

to calculate number of exceedances (for example for ozone 11 exceedances p.a. 

the 99th percentile granularity is needed to measure the number) 

- The 99th percentile of all pollutants for each source category was also used to do 

the atmospheric dispersion modelling in this study. 

However, if the 99th percentile is used for HIA, almost all (361.35) days will show the highest 

concentration imposed on it; while chronic health effects are targeted and will show inflated 

health results and over estimation of health impacts and costs.  

Conversely, if the 50th percentile (median) is used for HIA then the data is less affected by 

outliers than using the averages if the data is normally normal distributed. But the median 
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imposed on all 365 days p.a. is not valid where data is not normally distributed and 

underestimates the cases as a result. 

Therefore, the 75th percentile for Health Impact Assessments was used since it correlates best 

with calculating daily admissions and deaths. Health data are in ‘cases reported per year’; and 

also, the CBA is annual costs acceptable to use the interquartile ranges middle 50%; lower 

25th; and higher 75th percentile results in a conservative estimate 

With better quality data and normal distribution, the WHO report (2016) Ambient Air Pollution: 

a global assessment of exposure and burden of disease for PM2.5 used the annual mean 

levels; while in a South African study Norman et al. (2007) used the population weighted 

annual mean levels of PM2.5. The use of 75th percentile is therefore a conservative approach 

from a Health Impact Assessment perspective.  

A detailed report is available (INFOTOX use of the 75th percentile of daily concentrations for 

the calculation of the burden of disease, 2018) to explain the use of the 75th percentile for HIAs 

(Addendum I).  

 

4.10 UNCERTAINTY IN HEALTH EFFECTS OF OTHER POLLUTANTS 

Information on population statistics, mortality and morbidity outcomes available for this study 

did not have data on uncertainty estimates. However, information on relative risk factors 

applied for PM2.5 and SO2 outcomes did present data on uncertainty estimates. The limited 

uncertainty data for other parameters limited the possibility of performing a simple error 

propagation methodology for uncertainty analysis. In addition, due to photochemical modelling 

challenges, secondary pollutant formation such as ozone (O3) was not included in this CBA.  
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CHAPTER FIVE 

5 ECONOMIC VALUATION OF HUMAN HEALTH EFFECTS 

5.1 QUANTIFICATION OF THE STATISTICAL VALUE OF LIFE 

The purpose of this chapter is to detail the approach taken in determining the statistical value 

of life (VSL) and calculate cost of health effects related to mortality. For health costs 

attributable to morbidity refer to section 5.3 below. The approach controls for factors that may 

result in biases, such as gender, age group and education. It determines the present 

discounted value of income streams, controlling for gender and age. The methodology assigns 

a value of life to an individual, given what we expect the individual to earn during their lifetime. 

It follows Max et al. (2004) methodology in computing the statistical value of life. In addition to 

gender, education and age group, Max et al. (2004) also controls for the percent of people in 

the labour force, imputed value of household production and the discount rate. The equation 

below outlines the method of calculating the present value of lifetime earnings from Max et al. 

(2004): 

 

- 𝑃𝑉𝐿𝐸𝑦,𝑔 = ∑ 𝑃𝑦,𝑔(𝑛)[𝑌𝑔(𝑛)𝐸𝑔(𝑛) + 𝑌𝑔
ℎ(𝑛)𝐸𝑔

ℎ(𝑛)] × (1 + 𝑝)𝑛−𝑦/(1 + 𝑟)𝑛−𝑦85+
𝑛=𝑦         (5.1) 

 

Where 𝑃𝑉𝐿𝐸𝑦,𝑔 is the present discounted value of lifetime earnings for an individual of age 𝑦 

and gender 𝑔. The probability of individual of age 𝑦 and gender 𝑔 surviving to age 𝑛 is captured 

by 𝑃𝑦,𝑔(𝑛). While, 𝑌𝑔(𝑛) captures the mean annual earnings of an employed individual of 

gender 𝑔 and age 𝑛. The proportion of gender 𝑔 and age 𝑛 that are employed in the labour 

market is captured by 𝐸𝑔(𝑛), this indicates the importance of unemployment in the valuation 

process. 𝑌𝑔
ℎ(𝑛) defines the mean imputed value of household production for an individual of 

gender 𝑔 and age 𝑛, and 𝐸𝑔
ℎ(𝑛) is the proportion of the population of gender 𝑔 and age 𝑛 that 

are bread winners, and 𝑝 is the rate of increase of productivity. Finally, the real discount rate 

is captured by 𝑟.  

The Max et al. (2004) methodology was applied to the South African context by van Rensburg, 

with a slight innovation of incorporating levels of education by age as opposed to labour force 

participation. The application of the methodology resulted in the computation of present 

discounted streams of income per year controlling for the level of education over different age 

groups, the paper also provided average streams of income per education level per year which 

works out to R 241 876, R 357 809 and R 926 321 and R 2 138 729 for no schooling, primary, 

secondary and post-secondary schooling, respectively. To apply the results of their study, we 
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started off by using the Department of Education statistics on the percentage of the population 

with no schooling, primary, secondary and post-secondary schooling.  

 

The study classified the number of mortality cases per year from the health impact analysis 

section of this study in terms of the level of schooling per priority area. We then applied the 

average yearly presented discounted value of income to the number of cases in each 

schooling level category to compute the amount of income lost per year due to mortality 

resulting from different source categories (domestic fuel burning, mines, industries and 

vehicles) that we considered in this study.  

5.1.1 HEALTH COSTS ATTRIBUTABLE TO 

MORTALITY 

We calculate the mortality benefit of having ambient air quality by quantifying the cost of 

mortality cases that have been identified in the health impact assessment section of this study. 

The health impact assessment section of this study identifies the number of mortality cases 

because of air pollution per year because of PM2.5 and SO2 generated by domestic fuel 

burning, mining, industries and vehicles that cause cardiovascular and respiratory diseases. 

This section presents the number of cases and cost to society, for each area. 

5.2 VTAPA MORTALITY BENEFIT DUE TO EMISSION ABATEMENT 

Table 5.2.1 presents the number of mortality cases due to emissions from industry, domestic 

fuel burning, mining and vehicle emissions. The Table (a) presents the numbers of cases 

using the percentage of the population with no schooling, primary, secondary and post-

secondary schooling from Stats SA. The second Table (b) below presents the mortality 

benefits in monetary terms that could be realised if there were ambient air quality of the CBA 

period of ten years for the VTAPA priority area. The largest number of cases in the VTAPA 

area out of the four pollution source categories is from vehicles and mines. They account for 

99% of the mortality cases for the source categories that we consider in this study, where 

mines account for 49% and vehicles account for 50%. This translates to a benefit of just over 

R92.3 million per year from cases because of pollution from mines, and just over R 95.1 million 

from pollution from vehicles. The total monetary benefit for the 10-year CBA period of having 

ambient air quality for the VTAPA priority area is close to R2.2 billion.      
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Table 5.2.1 (a) Number of Annual Mortality Cases for VTAPA due to PM emissions 

VTAPA 

SOURCES 

Number 

Cases 
No Schooling Primary Secondary 

Post-

Secondary 

Domestic Fuel 

Burning 
1 0,06 0,14 0,68 0,12 

Mines 97 5,82 13,58 65,96 11,64 

Industrial 0,3 0,02 0,04 0,20 0,04 

Vehicles 100 6,00 14,00 68,00 12,00 

TOTAL 198,3 11,9 27,76 134,84 23,8 

 

Table 5.2.1 (b) Present Discounted Value of Mortality Cases in VTAPA due to PM 

emissions 

VTAPA 

SOURCES 

No 

Schooling 

Primary Secondary Post-Secondary Total 

Domestic 

Fuel 

Burning 

R 14 512,56 R 50 093,26 R 629 898,28 R 256 647,48 R 951 151,58 

Mines R 1 407 718,32 R 4 859 046,22 R 61 100 133,16 R 24 894 805,56 R 92 261 703,26 

Industrial  R 4 353,77 R 15 027,98 R 188 969,48 R 76 994,24 R 285 345,47 

Vehicles R 1 451 256,00 R 5 009 326,00 R 62 989 828,00 R 25 664 748,00 R 95 115 158,00 

TOTAL R 2 877 840,65 R    9 933 493,46 R 124 908 828,92 R 50 893 195,28 R 188 613 358,31 

  
   

Grand Total (10 yrs.) R 1 886 133 583,14 

The value of almost Rand 2 billion represents the mortality benefit that can be gained over a 

period of 10 years from reducing PM emissions in VTAPA; which equates to 1 983 less 

mortalities over 10 years. 

5.2.2 HPA MORTALITY BENEFIT DUE TO EMISSION ABATEMENT 

The largest number of cases in the HPA area out of the four pollution source categories is 

from mines, followed by industries and then vehicle emissions. The three account for over 

99% of the mortality cases for the source categories that we consider in this study, where 

mines account for 78%, industries account for 14%, and vehicles account for 7%. This 

translates to the most benefit in terms of mortality cases of over R1 billion per year from cases 

because of pollution from mines, with the benefit from industries being over R197 million and 

just over R98 million for pollution from vehicles. The total monetary benefit for the 10-year 
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CBA period of having ambient air quality for the HPA priority area is R14.7 billion. This is an 

economic benefit that will be realised if the mortality cases recorded in the HPA priority area 

are avoided through interventions that results in ambient air quality in relation to the four 

source categories that we consider in this study.      

Table 5.2.2 (a) Number of Annual Mortality Cases for HPA due to PM emissions 

HPA sources Number 

Cases 

No 

Schooling 

Primary Secondary Post-Secondary 

Domestic 

Fuel Burning 

9,30 0,56 1,30 6,32 1,12 

Mines 1146,80 68,81 160,55 779,82 137,62 

Industrial  207,72 12,46 29,08 141,25 24,93 

Vehicles 103,30 6,20 14,46 70,24 12,40 

TOTAL 1467,12 88,03 205,39 997,63 176,07 

 

Table 5.2.2 (b) Present Discounted Value of Mortality Cases in HPA due to PM 

emissions 

HPA 

sources 

No Schooling Primary Secondary Post-Secondary Total 

Domestic 

Fuel 

Burning 

R 134 966,81 R 465 867,32 R 5 858 054,00 R 2 386 821,56 R 8 845 709,69 

Mines R 16 643 003,81 R 57 446 950,57 R 722 367 347,50 R 294 323 330,06 R 1 090 780 631,94 

Industrial  R 3 014 548,96 R 10 405 371,97 R 130 842 470,72 R 53 310 814,55 R 197 573 206,20 

Vehicles R 1 499 147,45 R 5 174 633,76 R 65 068 492,32 R 26 511 684,68 R 98 253 958,21 

Total R21 291 667,03 R 73 492 823,61 R 924 136 364,55 R 376 532 650,86 R 1 395 453 506,05 

  
   

Grand Total (10 yrs) R 13 954 535 060,50 

Almost R14.7 billion mortality savings can be materialised if the emissions are reduced by 

2030 from reducing emissions in HPA; also saving 14 671 lives. 

5.2.3 WDM MORTALITY BENEFIT DUE TO EMISSION ABATEMENT 

The Waterberg area exhibits a low number of mortality cases because of emissions from the 

four source categories. This results in even lower numbers when categorising the numbers in 

terms of levels of education. It should be kept in mind that these results relate to source 

categories in relation to ambient air quality. The economic benefit for Waterberg amounts to a 

low R13.5 million over the 10-year CBA period. This is simply due to the low number of 
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mortality cases emanating from industry, domestic fuel burning, mines and vehicles. This 

simply means that emissions from the four source categories do not pose a great threat to the 

population of Waterberg due to the relatively low number of cases.  

Table 5.2.3 (a) Number of Annual Mortality Cases for WDM due to PM emissions 

WDM 

sources 

Number 

Cases 

No Schooling Primary Secondary Post-Secondary 

Domestic 

Fuel 

Burning 

0,0041 0,000246 0,000574 0,002788 0,000492 

Mines 1,07 0,0642 0,1498 0,7276 0,1284 

Industrial  0 0 0 0 0 

Vehicles 0,34 0,0204 0,0476 0,2312 0,0408 

TOTAL 1,41  0,08   0,20   0,96   0,17  

 

Table 5.2.3 (b) Present Discounted Value of Mortality Cases in WDM due to PM 

emissions 

WDM sources No 

Schooling 

Primary Secondary Post-Secondary Total 

Domestic 

Fuel Burning 

R59,50 R205,38 R2 582,58 R1 052,25 R3 899,72 

Mines R15 528,44 R53 599,79 R673 991,16 R274 612,80 R1 017 732,19 

Industrial  R0,00 R0,00 R0,00 R0,00 R0,00 

Vehicles R4 934,27 R17 031,71 R214 165,42 R87 260,14 R323 391,54 

TOTAL R20 522,21 R70 836,88 R890 739,16 R362 925,20 R1 345 023,45 

        Grand Total (10 yrs) R13 450 234,49 

R 14 million savings from mortality from PM exposure in the coming 10 years are foreseen in 

the WDM; affecting 14 lives in the area.  

5.2.4 ETK MORTALITY BENEFIT DUE TO EMISSION ABATEMENT 

The eThekwini area exhibits a low number of mortality cases because of emissions from the 

four source categories, over ten cases accounted for by mortality from pollution generated by 

industrial activity and vehicles. The economic benefit for eThekwini amounts to almost R 123 

million over the 10-year CBA period. This is simply due to the low number of 13 mortality cases 

emanating over 10 years from the four source categories that we consider in this study.  
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Table 5.2.4 (a) Number of Annual Mortality Cases for ETK due to PM emissions 

ETK 

sources 

Number  

Cases 

No Schooling Primary Secondary Post-

Secondary 

Domestic 

Fuel Burning 

1 0,06 0,14 0,68 0,12 

Mines 0,84 0,0504 0,1176 0,5712 0,1008 

Industrial  3,25 0,195 0,455 2,21 0,39 

Vehicles 7,83 0,4698 1,0962 5,3244 0,9396 

TOTAL  12,92   1,81   8,79   1,55   0,78  

 

Table 5.2.4 (b) Present Discounted Value of Mortality Cases in ETK due to PM 

emissions 

ETK 

sources 

No 

Schooling 

Primary Secondary Post-Secondary Total 

Domestic 

Fuel 

burning 

R14 512,56 R50 093,26 R629 898,28 R256 647,48 R9 511 515,80 

Mines R12 190,55 R42 078,34 R529 114,56 R215 583,88 R7 989 673,27 

Industrial  R47 165,82 R162 803,10 R2 047 169,41 R834 104,31 R30 912 426,35 

Vehicles R113 633,34 R392 230,23 R4 932 103,53 R2 009 549,77 R74 475 168,71 

TOTAL R187 502,28 R647 204,92 R8 138 285,78 R3 315 885,44   

        Grand Total (10 yrs) R122 888 784,14 

 

5.2.5 CITY OF CAPE TOWN (CPT) MORTALITY BENEFIT DUE TO 

EMISSION ABATEMENT 

The CPT area exhibits a low number of mortality cases because of emissions from the four 

source categories. This results in even lower numbers when categorising the numbers in terms 

of levels of education. It should be kept in mind that these results relate to source categories 

in relation to ambient air quality. The economic benefit for Cape Town amounts to about R71 

million over the CBA 10-year period. This is simply due to the low number of 8 mortality cases 

emanating from domestic fuel burning, mines, industry and vehicles emissions.  
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Table 5.2.5 (a) Number of Annual Mortality Cases for CPT arising from major sources 

CPT 

sources  

Number 

Cases 

No 

Schooling 

Primary Secondary Post-

Secondary 

Domestic 

Fuel 

Burning 

3,9 0,234 0,546 2,652 0,468 

Mines 1,2 0,072 0,168 0,816 0,144 

Industrial  0,2 0,012 0,028 0,136 0,024 

Vehicles 2,2 0,132 0,308 1,496 0,264 

TOTAL 7,5 0,45 1,05 5,1 0,9 

 

Table 5.2.5 (b) Present Discounted Value of Mortality Cases in CPT arising from major 

sources 

Cape 

Town  

No 

Schooling 

Primary Secondary Post-

Secondary 

Totals 

Domestic 

Fuel 

Burning 

R56 598,98 R195 363,71 R2 456 603,29 R1 000 925,17 R37 094 911,62 

Mines R17 415,07 R60 111,91 R755 877,94 R307 976,98 R11 413 818,96 

Industrial  R2 902,51 R10 018,65 R125 979,66 R51 329,50 R1 902 303,16 

Vehicles R31 927,63 R110 205,17 R1 385 776,22 R564 624,46 R20 925 334,76 

 TOTAL R108 844,20 R375 699,45 R4 724 237,10 R1 924 856,10   

      Grand Total R71 336 368,50 

The CPT mortality benefits are about R71 million by 2030; preventing 8 fatalities due to air 

pollution. 

5.2.6 ZDM MORTALITY BENEFIT DUE TO EMISSION ABATEMENT 

The ZF-Mgcawu area exhibits a low number of mortality cases because of emissions from the 

four source categories. None of the source categories result in a single complete case of 

mortality. It should be kept in mind that these results relate to source categories in relation to 

ambient air quality; yet indoor air pollution can remain a concern. This results in even lower 

numbers when categorising the numbers in terms of levels of education. The economic benefit 

for ZF-Mgcawu amounts to a low R23 000 over the 10-year CBA period. This is simply due to 

the very low number of mortality cases emanating from domestic fuel burning, mines, industry 
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and vehicles. These results are expected given the low population levels coupled with lower 

pollutions levels.        

Table 5.2.6 (a) Number of Annual Mortality Cases for ZDM from PM emissions 

ZDM sources Number 

Cases 

No 

Schooling 

Primary Secondary Post-

Secondary 

Domestic Fuel 

Burning 

0,000095 0,0000057 0,0000133 0,0000646 0,0000114 

Mines 0,00073 0,0000438 0,0001022 0,0004964 0,0000876 

Industrial  0,00024 0,0000144 0,0000336 0,0001632 0,0000288 

Vehicles 0,0014 0,000084 0,000196 0,000952 0,000168 

TOTAL 0,0025 0,0001 0,0003 0,0017 0,0003 

 

Table 5.2.6 (b) Present Discounted Value of Mortality Cases in ZDM arising from PM 

emissions 

ZDM sources No 

Schooling 

Primary Secondary Post-

secondary 

Totals 

Domestic Fuel 

Burning 

R1,38 R4,76 R59,84 R24,38 R90,36 

Mines R10,59 R36,57 R459,83 R187,35 R694,34 

Industrial  R3,48 R12,02 R151,18 R61,60 R228,28 

Vehicles R20,32 R70,13 R881,86 R359,31 R1 331,61 

TOTAL R35,77 R123,48 R1 552,70 R632,64   

      Grand Total R23 445,89 

Due to almost no health impacts in ZDM the mortality cost saved is negligible.  

5.2.7 HEALTH COSTS ATTRIBUTABLE TO MORBIDITY 

We calculate the morbidity benefit of having ambient air quality by quantifying the cost of 

treating hospitalisation cases that have been identified in the health impact assessment 

section of this study. The health impact assessment section of this study identifies the number 

of hospitalisation cases because of air pollution per year because of PM2.5 and SO2 generated 

by domestic fuel burning, mining, industries and vehicles that cause cardiovascular and 

respiratory diseases. This section presents the number of cases and cost of treating 

cardiovascular diseases and respiratory diseases using the World Health Organisation costs, 

for each area.  
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5.3 VTAPA MORBIDITY BENEFIT DUE TO EMISSION ABATEMENT 

The highest morbidity benefits in the VTAPA priority area could be realised if pollution from 

mining activities and vehicles which accounts for over 98% of the benefit is addressed (Table 

5.3.1. This finding is consistent with the mortality benefits that could be realised if emissions 

from the same sources could be eradicated. The total number of people that will benefit from 

not requiring hospitalization due to PM2.5 and SO2 pollution improvements are 1 023 (combined 

cardiovascular and respiratory cases) per annum from Table 5.3.1.    

Table 5.3.1 Morbidity Benefits from PM2.5 and SO2 ambient pollution reduction for 

VTAPA 

VTAPA 

sources 

Cardiovascular 

Admissions 

(PM2.5) 

Cardiovascular 

Cost 

(C1) 

Respiratory 

Admissions 

 (PM2.5) 

Respiratory 

Admissions 

(SO2) 

Respiratory 

Cost 

(C2) 

Total  

10yr 

(C1+C2)x10yr 

Domestic Fuel 

Burning 

1 R 84 362,35 2,9 14,2 R 131 345,96   R 2 157 083,01  

Mines 119,6 R 10 089 736,56 348,7 
 

R 2 678 382,14   R 127 681 186,96  

Industrial  0,9 R 75 926,11 2,6 11,4 R 107 534,70   R 1 834 608,11  

Vehicles 129 R 10 882 742,61 376,2 17,2 R 3 021 725,07   R 139 044 676,82  

TOTAL 250,5 R 21 132 767,63  730,4 42,8 R 5 938 987,86    

          Grand Total  R 270 717 554,90  

5.3.2 HPA MORBIDITY BENEFIT DUE TO EMISSION ABATEMENT 

The highest morbidity benefits in the HPA priority area could be realised if pollution from 

mining, industries and vehicles are addressed, which accounts for over 99% of the benefit. 

Mining activities in the HPA priority area emerge as the main source of morbidity cases related 

to both cardiovascular and respiratory yearly hospital admissions, accounting for 73% of the 

total morbidity benefit that could be realised if mine pollution could addressed. The total benefit 

of complete eradication of hospitalisation cases over the 10-year CBA period in the HPA 

priority area stands at R1 770 997 360, 35. The total number of people that will benefit from 

not requiring hospitalization due to PM2.5 and SO2 pollution improvements are 82 083 

(combined cardiovascular and respiratory cases) over 10 years from Table 5.3.2.          
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Table 5.3.2 Morbidity Benefits from PM2.5 and SO2 ambient pollution reduction for HPA 

HPA 

sources 

Cardiovascular 

Admissions 

(PM2.5) 

Cardiovascular 

Cost 

(C1) 

Respiratory 

Admissions 

(PM2.5) 

Respiratory 

Admissions 

(SO2) 

Respiratory 

Cost 

(C2) 

Total 10yr 

 

(C1+C2)x10yr 

Domestic 

Fuel Burning 

7,1  R 598 972,66  20,2 39,6  R 459 326,79   R 10 582 994,45  

Mines 1216,5  R 102 626 793,70  3493,8 
 

 R 26836 052,49   R 1 294 628 461,92  

Industrial  276,5  R 23 326 188,62  799,4 328,6  R 8 664 224,40   R 319 904 130,22  

Vehicles 134,2  R 11 321 426,81  391,6 33,7  R 3 266 750,57   R 145 881 773,75  

TOTAL 1634,3  R 137 873 381,79  4705 401,9  R 39226354,25    

          Grand Total  R 1 770 997 360,35  

 

5.3.3 WDM MORBIDITY BENEFIT DUE TO EMISSION ABATEMENT 

The Waterberg area also has low morbidity benefits over the CBA period. This is as in the 

case of mortality, is due to low morbidity cases caused by emissions from the four source 

categories that we consider in this study, this result is consistent with the low number of 

mortality cases in this area. This translates to low economic benefits given the cost of treating 

cardiovascular and respiratory diseases from PM2.5 and S02 from domestic fuel burning, 

mining, industries and vehicles. The benefit over the CBA period for the Waterberg stands at 

R2 352 646, 97. The total number of people that will benefit from not requiring hospitalization 

due to PM2.5 and SO2 pollution improvements are 17.2 (combined cardiovascular and 

respiratory cases) from Table 5.3.3. 

Table 5.3.3 Morbidity Benefits from PM2.5 and SO2 ambient pollution reduction for 

WDM 

WDM 

sources 

Cardiovascular 

Admissions 

(PM2.5) 

Cardiovascular 

Cost 

(C1) 

Respiratory 

Admissions 

(PM2.5) 

Respiratory 

Admissions 

(SO2) 

Respiratory 

Cost 

(C2) 

Total 10yr 

 

(C1+C2)x10yr 

Domestic 

Fuel 

Burning 

0,04 R3 374,49 0,11 0 R877,94 R42 524,38 

Mines 1,03 R86 893,22 3 0 R23 043,15 R1 099 363,66 

Industrial  0 R0,00 0 9,85 R75 658,34 R756 583,43 

Vehicles 0,42 R35 432,19 1,22 0,08 R9 985,37 R454 175,50 

TOTAL 1,49 R125 699,90 4,33 9,93 R109 564,80   

        Grand Total R2 352 646,97 
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5.3.4 CPT MORBIDITY BENEFIT DUE TO EMISSION ABATEMENT 

The CPT area also shows low morbidity benefits over the CBA period. This is as in the case 

of mortality, due to low morbidity cases caused by emissions from the four source categories 

that we consider in this study. This translates to low economic benefits given the cost of 

treating cardiovascular and respiratory diseases from PM2.5 and S02 from domestic fuel 

burning, mining, industries and vehicles. Domestic fuel burning and vehicles account for over 

80% of the yearly cardiovascular diseases hospital admission cases for Cape Town. The 

benefit over the 10-year CBA period for Cape Town stands at R 43.7 million. The total number 

of people that will benefit from not requiring hospitalization due to PM2.5 and SO2 pollution 

improvements are 1614 (combined cardiovascular and respiratory cases) over 10 years from 

Table 5.3.4. 

Table 5.3.4 Morbidity Benefits from PM2.5 and SO2 ambient pollution reduction for CPT 

CPT 

sources 

Cardiovascular 

Admissions 

(PM2.5) 

Cardiovascular 

Cost 

(C1) 

Respiratory 

Admissions 

(PM2.5) 

Respiratory 

Admissions 

(SO2) 

Respiratory 

Cost 

(C2) 

Domestic 

Fuel 

Burning 

20,7 R1 746 300,56 60,40 0,00 R463 935,42 

Mines 7,1 R598 972,66 20,90 0,00 R160 533,95 

Industrial  1 R84 362,35 3,00 0,00 R23 043,15 

Vehicles 12,1 R1 020 784,38 35,40 0,00 R271 909,17 

TOTAL 40,9 R3 450 419,94 119,70 R0,00 R919 421,69 

        Grand Total R43 698 416,29 

 

5.3.5 ETK MORBIDITY BENEFIT DUE TO EMISSION ABATEMENT 

The eThekwini area experiences high respiratory yearly hospital admissions compared to 

cardiovascular admissions from the four source categories that we consider. Industrial activity 

emerges as an important contributor to the deterioration of the respiratory wellbeing of the 

eThekwini area. It accounts for nearly half of the morbidity economic benefits that could be 

realised.  The benefit over the CBA period for the ETK stands at R 24 million. The total number 

of people that will benefit from not requiring hospitalization due to PM2.5 and SO2 pollution 

improvements are 163 (combined cardiovascular and respiratory cases) per annum from 

Table 5.3.5.    
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Table 5.3.5 Morbidity Benefits from PM2.5 and SO2 ambient pollution reduction for ETK 

ETK 

sources 

Cardiovascular 

Admissions 

(PM2.5) 

Cardiovascular 

Cost 

(C1) 

Respiratory 

Admissions 

(PM2.5) 

Respiratory 

Admissions 

(SO2) 

Respiratory 

Cost 

(C2) 

Total 10yr 

 

(C1+C2)x10yr 

Domestic Fuel 

Burning 

1,09 R91 954,96 0,01 20,95 R160 964,08 R2 529 190,41 

Mines 1,17 R98 703,94 0 0 R7,68 R987 116,26 

Industrial  3,83 R323 107,78 0,01 101,14 R776 961,25 R11 000 690,35 

Vehicles 9,3 R784 569,82 0,04 24,20 R186 157,93 R9 707 277,44 

TOTALS 15,39 R1 298 336,50 0,06 146,29 R1124090,94   

        Grand Total R24 224 274,46 

5.3.6 ZDM MORBIDITY BENEFIT DUE TO EMISSION ABATEMENT 

The ZF-Mgcawu area also shows low morbidity benefits over the CBA period. This is as in the 

case of mortality, due to low morbidity cases caused by emissions from the four source 

categories that we consider in this study. This translates to low economic benefits given the 

cost of treating cardiovascular and respiratory diseases from PM2.5 and S02 from domestic 

fuel burning, mining, industries and vehicles. The benefit over the CBA period from the ZF-

Mgcawu stands at a mere R 75 000. The total number of people that will benefit from not 

requiring hospitalization due to PM2.5 and SO2 pollution improvements are negligible at 0.25 

(combined cardiovascular and respiratory cases) from Table 5.3.6.         

Table 5.3.6 Morbidity Benefits from PM2.5 and SO2 ambient pollution reduction for ZDM 

ZDM 

sources 

Cardiovascular 

Admissions 

(PM2.5) 

Cardiovascular 

Cost 

(C1) 

Respiratory 

Admissions 

(PM2.5) 

Respiratory 

Admissions 

(SO2) 

Respiratory 

Cost 

(C2) 

Total 10yr 

 

(C1+C2)x10yr 

Domestic 

Fuel Burning 

0,029 R2 446,51 0,01 0,03 R307,24 R2 7537,50 

Mines 0,0071 R598,97 0,02 0,00 R161,30 R7602,70 

Industrial  0,0013 R109,67 0,00 0,00 R56,30 R1659,70 

Vehicles 0,035 R2 952,68 0,10 0,02 R886,39 R3 8390,80 

TOTAL 0,0724 R6 107,83 0,13 0,05 R1 411,24   

        Grand Total R75 190,73 

 

5.4 UNCERTAINTY IN VALUATION  

Uncertainty in valuation requires data and information on uncertainty from two data sources, 

namely health outcomes (mortality and morbidity) attributable to air pollutions as well as socio-

economic parameters described in equation 5.1 above.  Generally, in both cases, information 
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on uncertainty is often not collected. This makes it impossible to quantify uncertainty estimates 

of the outcomes even with a simple error propagation method.  Another alternative would have 

been to apply Monte-Carlo simulation to quantify uncertainty and applying probability-

distribution functions to the input data.  This however requires prior knowledge data distribution 

behaviour for each input data set. This information is unfortunately not available.  

 

In summary, the total number of people in all areas that will benefit from emission reduction 

and not requiring hospitalization (morbidity) adds up to 81 032 people over ten years; while 

the associated cost that could be saved by reducing these health-related impacts adds up to 

over R2.11 billion. Combined morbidity with mortality, results in 97 902 people affected, 

costing these study areas approximately R 18.2 billion if emission reduction is not 

implemented. The following chapter consider the Cost required to achieve the health Benefits. 
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CHAPTER SIX 

6. ABATEMENT COSTS (AIR QUALITY INTERVENTION COSTS) 

6.1 Domestic Fuel Burning 

The cost of compliance in the domestic fuel burning category is broken down into four main 

options. Though this study is about ambient air quality, indoor air quality remains a concern. 

The four options are sensitive to this concern and the cooking solutions selected reduce 

inhouse pollution for indigent households significantly.  

The abatement options are different permutations that relate to reducing fuel burning 

emissions for household lighting, cooking and water heating. Option 1 comprises of a 

combination of LPG stove cooking (a known supplier provides purchase cost of R400 per unit 

at a monthly usage cost of R180), solar water heating (same supplier provides purchase cost 

of R4 995.92) and solar lantern (purchase cost R500) for lighting. Option 2 comprises of a 

combination of solar water heating, solar cooking (This supplier gives a purchase cost of R2 

500)3 for a solar lantern for lighting. Option 3 comprises of a combination of provision of free 

electricity (30KWh) for cooking and lighting, LPG space heating and solar water heating. 

Finally, Option 4 comprises of a combination of solar cooking and free electricity for water 

heating and lighting. The calculation of the total cost is over the number of indigent households 

from the respective priority areas that we considered in this study.  

The solar lantern lighting solution that we have selected as a benchmark for costs of this type 

of lighting solution for this study is designed for low cost housing solutions.  

For the solar cooking solution, we chose a cooking solution that could cook for a family of at 

least four people. This solution is also designed for indigent households. Indigent households 

that have electricity, have been found to also use alternative sources for cooking such as 

paraffin, coal, biomass, wood etc. The solar cooking solution could play an important role in 

reducing domestic fuel burning emissions that emanate from alternative source of cooking that 

are used by indigent households. 

For comparison, costs are provided for cooking solutions that did not form part of the 

permutations that constitute the four options that we recommend for consideration in this study 

in mitigating against domestic fuel burning emissions. The study computes cooking cost for 

the following solutions that do not form part of options that the study recommends for coal 

(supplier provides purchase cost of R499 at monthly usage cost of R40 given the efficiency of 

                                                

3 Source: http://www.sunfire.co.za/wp/product/sunfire-18-parabolic-solar-cooker/ 

http://www.sunfire.co.za/wp/product/sunfire-18-parabolic-solar-cooker/
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the stove)4, paraffin (supplier provides purchase cost R600 at a cost of R200 per month)5, 

wood (supplier provides purchase cost R499), biomass (supplier provides, purchase costs of 

R599) and gel cooking (supplier provides purchase cost of R200) stoves. 

For the calculation of the health benefits, the Option 3 was used, while the other options 

provide a sensitivity analyses of other possible combinations of solutions to reduce domestic 

fuel burning by 75%. 

6.2 MINING ACTIVTIES 

Dust is the main source of pollution that has been identified in this study. The study focuses 

on mining road dust as the main source of dust generated during mining. The size of mining 

activity is also important in calculating the cost of treating dust for mine roads. The size of the 

mine is proxied by the raw material tonnage a mine produces a year. The Table below presents 

our assumptions regarding the width of mine roads given mine size using Thompson (2007) 

as a guide. 

Table 6.2 (a) Mine Size and Mine Road Width 

 
Mine Size Raw material tonnage/p.a. Width (m) 

0                                10 000  13 

1                              100 000  13 

2                           1 000 000  13 

3                        10 000 000  23 

4                      100 000 000  23 

5                   1 000 000 000  23 

6                10 000 000 000  26 

7              100 000 000 000  26 

8           1 000 000 000 000  26 

9        10 000 000 000 000  26 

 

The study then combines the work of Thompson and Visser (2003), Thompson mining roads 

training manual and Thompson and Visser (2000) to calculate the cost of dust suppression for 

mine roads. Their work was used for the purposes of determining the length of mine roads in 

South Africa, which they estimate to be between 10 Km to 40 Km. This study then utilised the 

                                                

4 Source: http://www.rocketworks.org/store/  
5 Source: https://www.techxlab.org/solutions/arivi-pty-eva-stove 

 

http://www.rocketworks.org/store/
https://www.techxlab.org/solutions/arivi-pty-eva-stove
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Thompson mining roads training manual to estimate the width of mine roads, then combine 

this information with the size of mines presented in Table 6.2.1 above in the respective areas. 

Finally, the study utilises Thompson and Visser (2000) work to establish the frequency and 

cost of mine road dust suppression, expressed per 𝑚2. The following table outlines the 

average palliative mine road treatment costs estimated in Thompson and Visser (2000). 

Table 6.2 (b) Cost and Frequency of Palliative Application 

Product Cost (R/litre) R1.60 

Establishment litres/sq meter R3.00 

Re-application litres/sq meter R0.125 

Re-application Frequency (1 per n days) 15 

Re-application Frequency (1 per n years) 11 

 

Thompson and Visser (2007) found that “The re-establishment frequency accommodates the 

longer-term performance by allowing a road to be re-established after a certain period. For 

example, where water-soluble products wash out in the wet season, re-establishment would 

be necessary the following dry season”. They chose a ten-year modeling period specifically in 

coal mining to establish the costs of dust suppression using palliatives. This time range is the 

same as the 10-year range, which was used in this CBA.  

6.3 INDUSTRIAL SECTOR 

Abatement techniques tend to involve controls on emissions of pollutants which can take 

various forms. Policies often involve quantitative or qualitative restrictions on the amount of 

emissions permitted from various sources (Minimum Emission Standards in the case of South 

Africa) but could also involve land use planning or restrictions on the time that pollutants might 

be released. However, environmental degradation and health impacts caused by pollution is 

attributable to ambient air pollution concentrations rather than to the amount of emissions. 

Consequently, many difficulties emerge in trying to compare the impact of different levels and 

types of emissions controls with the corresponding effects on concentrations. These affect all 

methodologies for assessing not only pollution abatement policies, but the technology used 

which necessitates a standard approach of evaluation as various industries with different 

emission profiles with different applicable standards are often analysed. Given the 

complexities in comparing the impact of emission controls with the corresponding effects of 

concentrations, this study seeks to focus on abatement technologies that are aimed at the 

three main pollutants emitted by industry in South Africa i.e. Sulphur Dioxide (SO2); Oxides of 

Nitrogen (expressed as NO2) and Suspended Particulate Matter (PM10) which are often 
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controlled through Flue Gas Desulphurisation Units (FGD); or Dry Sorbent Injection (DSI), Low 

NOx Burners and Fabric Filters respectively. Each are described in greater detail below. 

6.3.1 SULPHUR DIOXIDE ABATEMENT TECHNOLOGIES 

Cost Information for Flue Gas Desulfurisation (FGD) 

Capital costs for SO2 scrubbers have decreased by over 30% since the beginning of the 

1990's. Capital and operating costs for SO2 scrubbers applied to electric utilities are reported 

to be approximately $100/kW (Smith, 2001). Retrofit of scrubbers on existing units can 

increase the capital cost up to 30%. Retrofit costs vary significantly between sites and depend 

on space limitations, major modifications to existing equipment (e.g., ductwork and stack) and 

the operating condition of the units (e.g., temperature, flowrate). 

Operating and Maintenance (O&M) costs increase with increasing sulfur content since more 

reagent is required to treat the same volume of gas. Typical reagents such as lime and 

limestone are often utilized with the specific reagent being used significantly influencing O&M 

costs. Internationally, limestone is generally available for 10 to 20 $/ton and lime is available 

for 60 to 80 $/ton (Smith, 2001). Waste product disposal costs vary from $10/ton to $30/ton 

and byproduct saleable prices vary from 0 to 15 $/ton (Smith, 2001).  

It cannot be ignored that the cost of procurement and operation of such emissions control 

systems are major drivers in the eventual decision making of the system selected. At the same 

time Operating and Maintenance (O&M) costs increase with increasing sulfur content since 

more reagent is required to treat the same volume of gas.  

Cost estimate for both Wet and (Semi) Dry FGD systems will be compared as these are the 

most likely emissions controls systems to be utilized by industry. DSI FGD’s are thought to be 

comparable to Semi-Dry FGD’s as the only major difference is the reagent being used. 
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Table 6.3.1 (a) Factors considered when installing an FGD system 

Factors Supporting Dry and Semi-Dry 

FGD  

Factors Supporting Wet FGD  

Small-Medium Size plant  Large size plant  

Small -Medium flue gas flow (300 MW 

electricity generation)  

Large flue gas flow (typically over 300 MW 

electricity generation)  

Large Size plants (700 MW electricity 

generation) with low Sulphur fuel  

 

Low-Medium Sulphur fuel High Sulphur fuel  

Low -Medium annual operating hours  Medium-High annual operating hours  

Short-Medium cost evaluation period  Medium-Long cost evaluations period  

Shorter system lifespan  Longer system lifespan  

Typically easier to retrofit  New Build often required  

Very Low PM 2.5 missions (With Fabric 

Filter)  

Low PM 2.5 Emissions 

No wastewater treatment required  Wastewater treatment required  

Dry Landfill  By product disposal as Wet Stack  

 

Costing of such large infrastructure projects across various industries each with their own 

emission profiles with different applicable standards is a complex task more so when 

undertaken at a national scale. As far as FGD’s are concerned, this necessitates a standard 

approach of evaluation which often presents itself in the form of cost ranges (both CAPEX & 

OPEX) which can be easily applied on industrial operations of varying sizes with unit capacity 

i.e. Mega Watts playing a crucial role in the overall costs. There are various FGD costs ranges 

presented in literature from different points in time which has an effect on (a) the level of 

commercial viability of a certain technology at a certain point and (b) the state of inflation from 

which these costs are sourced from.  
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The tables below aim to illustrate this point as costs ranges from different time periods are 

presented and discussed. A cost comparison of two FGD systems developed by Srivastava 

(2001) and is presented in Table 6.3.1 (b) where clear variations are evident. Importantly, the 

systems are thought to be more economically viable as the unit taking on the technology 

increase in capacity (MW) and less viable on smaller units.  

Table 6.3.1 (b) Summary of Cost Information in $/MW (2001 USD) 

Scrubber 

Type  

Unit Size 

(MW) 

Capital 

Costs 

($/kW)  

O&M Costs 

($/kW) 

Annual 

Costs 

($/kW) 

Cost per 

Ton of 

Pollutant 

Removed 

($/ton) 

Wet  >400 100 - 250 2 - 8 20 - 50 200 - 500 

<400 250 - 1,500 8 - 20 50 - 200 500 - 5,000 

Spray Dry  >200 40 - 150 4 - 10 20 -50 150 - 300 

<200 150 - 1,500 10 - 300 50 - 500 500 - 4,000 

 

FGD cost comparisons were considered based on the Integrated Planning Model (IPM) and 

the assumptions underlying the base case (designated EPA Base Case v.4.10, 2010) that was 

developed by the U.S. Environmental Protection Agency (EPA) with technical support from 

ICF Consulting, Inc. IPM is a multi-regional, dynamic, deterministic linear programming model 

of the U.S. electric power sector. This EPA study provided forecasts of least cost capacity 

expansion, electricity dispatch, and emission control strategies while meeting energy demand 

and environmental, transmission, dispatch, and reliability constraints. The IPM is used to 

evaluate the cost and emissions impacts of proposed policies to limit emissions of sulphur 

dioxide (SO2), nitrogen oxides  (NOx), carbon dioxide (CO2), and mercury (Hg) from the electric 

power sector. As such illustrative costs for two FGD technologies are considered i.e. 

Limestone Forced Oxidation System which is considered a “Wet” technology and a Lime Spray 

Dryer (Dry) which is considered a semi-dry technology. The illustrative costs considered 

included Fixed Operational Maintenance costs (O&M) i.e. OPEX as well as CAPEX costs 
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broken down across varying electricity generation ranges i.e. 100 – 1000 MW. The heat rate 

i.e. the amount of energy used by an electrical generator or power plant to produce one 

kilowatt-hour (kWh) of electricity often expressed in British thermal units (Btu) per kWh was 

capped at 9 000 Btu/kWh for the cost considerations in this study. However, the units 

presented in the EPA Base Case are presented in 2007 US Dollars values and needed to be 

converted to 2017 Rand values for practicality. This was done by correcting the $ 2007-dollar 

values to include inflation until 2017 U.S dollar amounts i.e. 18.1% and converted to South 

African Rand (ZAR) based on 2017 ZAR/ US $ average exchange rate i.e. R14.07/$ 1. CAPEX 

and OPEX costs per Kw in both U.S dollars and ZAR. Results are presented in Table 6.3.1 

(c). 
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Table 6.3.1 (c) Illustrative FGD Costs (2007 USD) for Representative Sizes and Heat Rates 

Limestone Forced Oxidation (Wet FGD) 

100 MW 300 MW 500 MW 1000 MW 

Heat 

Rate  

CAPEX 

($2007) 

CAPEX 

(R2007) 

 OPEX 

($2007) 

OPEX 

(R2007) 

CAPEX 

($2007) 

CAPEX 

(R2007) 

 OPEX 

($2007) 

OPEX 

(R2007) 

CAPEX 

($2007) 

CAPEX 

(R2007) 

 OPEX 

($2007) 

OPEX 

(R2007) 

CAPEX 

($2007) 

CAPEX 

(R2007) 

 OPEX 

($2007) 

OPEX 

(R2007) 

9000 747  12 412 22.5   374 547  9 089 10.5  174 473  7 860 7.8 130 388  6 447 5.9  98 

Lime Spray Dryer FGD (Semi Dry FGD) 

 100 MW 300 MW 500 MW 1000 MW 

Heat 

Rate  

CAPEX 

($2007) 

CAPEX 

(R2007) 

 OPEX 

($2007) 

OPEX 

(R2007) 

CAPEX 

($2007) 

CAPEX 

(R2007) 

 OPEX 

($2007) 

OPEX 

(R2007) 

CAPEX 

($2007) 

CAPEX 

(R2007) 

 OPEX 

($2007) 

OPEX 

(R2007) 

CAPEX 

($2007) 

CAPEX 

(R2007) 

 OPEX 

($2007) 

OPEX 

(R2007) 

9000 641  10 651 16.4  273 469  7 793 8.1  135 406 6 746 6.1  101 385  6 397 4.9  81 
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Similar to the costs estimates provided by Srivastava (2001), the EPA’s Base Case v4.10 

costs estimate as far as CAPEX and OPEX reduce, as the size of the unit increases which 

again implies that larger units are more economically viable on larger units. It is important to 

note however; Srivastava costs estimates are caped at units of 400 MW or more or 400 MW 

or less which is limiting. On the other hand, the U.S EPA Base Case v4.10 provides cost 

estimates for units as small as 100 MW up to 1000 MW thus making the estimates applicable 

across various unit sizes and by inference, more operations.  

In a South African context, a study was conducted by the Eskom power generation group in 

conjunction with two independent engineering firms (Medupi FGD Retrofit Technology 

Selection Study Report, 2014). The study assesses the capital and operating, and 

maintenance costs associated with a single fuel, reagent quality, and generating load case for 

the three FGD technologies.  The FGD Technology Selection Study Design Basis as it is 

known serves as the basis for all calculations, cost estimates, and economic evaluations 

(capital and operating), including but not limited to: fuel/reagent consumption, auxiliary power 

requirements, and waste disposal including unit capacity factors, flue gas flow rates, air 

emission rates, SO2 reduction requirements, flue gas temperature, ash and/or by-product 

production rates, reagent utilisation, and other operating parameters that affect the design of 

the emissions control equipment. Importantly, the study was based on a coal fired steam 

electric generating unit of 4800 MW i.e. 4 800 000 Kw and the CAPEX and OPEX costs were 

estimated per kilowatt.  

The study considered three FGD configurations which included: Wet limestone-based FGD; 

Wet limestone FGD with Inlet Gas Cooler and a Dry FGD with spray dryer absorber (SDA) as 

well as a Circulating Fluid Bed (CFB). 

Capital cost estimates included allowance for auxiliary electric, control system upgrades, and 

other Balance-of-Plant (BOP) system upgrades. On the other hand, annual operational costs 

were based considered increase in auxiliary power requirements, additional labour, water 

costs and additional cost consumables. This allowed for the determination of CAPEX and 

OPEX estimates for such major abatement equipment based on in-house design and cost 

data as to inspire sufficient confidence in the selection of a certain type of FDG technology. 

As such, Wet FGD CAPEX and OPEX figures were derived from the coal fired steam electric 

generating unit of 4800 MW i.e. 4 800 000 Kw. The total capital costs of the units (determined 

by the independent engineering firm) was divided by the number of kilowatts of the unit taking 

on the system as to determine the expected capital expenditure per kilowatt and a ratio was 

derived with the kilowatts of a unit was the main determinant.  
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Similarly, the total operational expenditure of the abatement unit was divided by the number 

of kilowatts of the power generating unit as to derive an OPEX ratio per kilowatt. These ratios 

are presented for varying power generating units in Table 6.3.1 (d).  

Although it is conceded that the Wet FGD’s is widely accepted by industry as the most efficient 

sulphur control abatement technology with removal efficiencies greater than 98% being 

achieved, costing of Dry Sorbent Injection (DSI) system for sulphur control has been 

conducted. This was done to allow cost comparisons of sulphur abatement technologies, 

which sit on opposing sides of the cost scale with Wet FGD’s on the higher end and DSI on 

the lower end. The costing of DSI FGD’s used formulas developed by Sargent & Lundy LLC 

on behalf of the USEPA for their Integrated Planning Model  (IPM) which took into 

consideration the size of the unit taken on the abatement control; retrofit factor; sulphur 

removal rate; type of coal used etc. Unlike the correction done for the EPA Base Case Study 

the $ 2012-dollar values presented by Sargent & Lundy allowed for escalation of cost which 

were simply converted to South African Rand (ZAR) based on 2017 ZAR/ US $ average 

exchange rate i.e. R14.07/$ 1. The calculated CAPEX and OPEX for the installation of DSI 

FGD’s at various power generating units is presented in Table 6.3.1 (e) below.  

Table 6.3.1 (d) Cost Ratios for Wet FGD Installations at Various Power Stations in South 

Africa  

Wet FGD  System Cost by Sargent & Lundy USEPA  

Station  MW  FGD Cost 
System (R) 

Capital 
Cost 
per Kw 
(R ) 

OPEX Cost p.a 
(R) 

OPEX Cost 
per Kw (R) 

10 Yrs  
OPEX plus 
CAPEX 

Medupi 4800 16 660 400 000  3471 3 649 211 000 760,3 36 492 110 000  

Matimba  3990 13 848 957 500  3471 3 033 406 643 760,3 30 334 066 437 

Kendal  4116 14 286 293 000  3471 3 129 198 432  760,3 31 291 984 325  

Kusile  4800 16 660 400 000  3471 3 649 211 000 760,3 36 492 110 000  

Total 61 456 050 500    13 461 027 076 
 

196 066 321 262 
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Table 6.3.1 (e) Cost Ratios for DSI Installations at Various Power Stations in South 

Africa 

DSI System Cost by Sargent & Lundy USEPA DSI System Cost 

Station  MW  
DSI Cost System 
(ZAR 2017) 

Capital 
Cost 
per Kw 
(R) 

OPEX Cost p.a 
(R) 

OPEX Cost 
per Kw (R) 

10 Yrs  
CAPEX plus 
OPEX (R) 

Medupi 4800 420 284 149,42 87,56 1 154 893 998 240,60 11 548 939 988,50 

Matimba  3990 398 792 334,96 99,95 967 434 942 201,55 9 674 349 429,57 

Kendal  4116 402 329 153,90 97,75 996 622 629 207,63 9 966 226 293,41 

Kusile  4800 420 284 149,42 87,56 1 154 893 998 240,60 11 548 939 988,50 

Total 1 641 689 787,70   4 273 845 570,00    44 380 145 488 

The costs estimates derived from the Table 6.3.1 (e) above are considerably less than the 

expected Wet FGD costs presented in Table 6.3.1 (d) at identical power generating units. This 

is evidenced by the CAPEX and OPEX figures per Kw for Wet FGD’s which are over three 

times more than the comparable costs per Kw at an identical power generating unit.  However, 

the US EPA figures are expected to be in line with this study’s cost ratios if electricity 

generating units greater than 4000 MW were considered and compared since costs generally 

decrease with increasing MW output capacity. Importantly, the significantly lower CAPEX and 

OPEX costs for DSI units are thought to be a consequence of key system functions, which 

drive costs down, these, include:  

 Low installation costs  

 Low retrofit factor  

 Small equipment footprint 

 Simpler mechanical system  

FGD units are not only installed on electricity generating units but utility boilers as well which 

often use solid fuels i.e. coal as the primary combustion source which also result in SO2 

emissions. As such, the MES apply to all solid fuel combustion installations with a design 

capacity equal or greater than 50 MW heat input (based on lower calorific value) and will often 

require FGD’S to be installed as to achieve the stipulated MES. In the context of this study, 

the heat inputs for various combustion installations at a national level could not be readily 

verified thus an assumption of 100 MW heat input was presumed across all combustion 

installations. For consistency, the CAPEX/ Kw (R 3 470.92) and OPEX (R 760.25) remain 

unchanged and are subsequently applied to boilers of 100 MW consistent with the above-

mentioned assumption.  
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6.3.2 OXIDE OF NITROGEN ABATEMENT TECHNOLOGIES 

Cost Information for Low NOx Burners (LNB)  

The EPA Base Case v.4.10 representation of combustion controls uses equations that are 

tailored to the boiler type, coal type, and combustion controls already in place and allow 

appropriate additional combustion controls to be exogenously applied to generating units 

based on the NOx emission limits they face. As previously mentioned, it is expected that the 

majority of the boiler installations in South Africa will be Wall-Fired and as such, these specific 

cost estimations will apply. In addition, the Wall-Fired installation proves to be costlier than the 

other two configurations i.e. Tangential and Vertical thus becoming a more conservative 

approach.  

Table 6.3.2 (a) Cost (2007$) of NOx Combustion Controls for Coal Boilers  

 

Boiler Type 

 

Technology 

 

CAPEX  

($/kW) 

 

OPEX 

 ($/kW- yr) 

 

Dry Bottom Wall- 

Fired 

Low NOx Burner without Overfire Air 

(LNB without OFA) 
45 (R748) 0.3 (R5) 

Low NOx Burner with Overfire Air (LNB 

with OFA) 
61 (R1 014) 0.4 (R7) 

Tangentially- Fired 

Low NOx Coal-and-Air Nozzles with 

Close-Coupled Overfire Air (LNC1) 

24 (R399) 0.2 (R3) 

Low NOx Coal-and-Air Nozzles with 

Separated Overfire Air (LNC2) 
33 (R548) 0.2 (R3) 

Low NOx Coal-and-Air Nozzles with 

Close-Coupled and Separated Overfire 

Air (LNC3) 

38 (R631) 0.3 (R5) 

Vertically-Fired NOx Combustion Control 29 (482) 0.2 (R3) 
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Scaling Factor 

The following scaling factor was used to obtain the capital and fixed operating and maintenance 

costs applicable to the capacity (in MW) of the unit taking on combustion controls. No scaling 

factor is applied in calculating the variable operating and maintenance cost. 

LNB without OFA & LNB with OFA = ($ for X MW Unit) = ($ for 300 MW Unit) x (300/X)0.359 LNC1, 

LNC2 and LNC3 = ($ for X MW Unit) = ($ for 300 MW Unit) x (300/X)0.359 Vertically-Fired = ($ for 

X MW Unit) = ($ for 300 MW Unit) x (300/X)0.553 

where 

($ for 300 MW Unit) is the value obtained using the factors shown in the above table and 

X is the capacity (in MW) of the unit taking on combustion controls. 

 

For the purpose of this study, the Dry Bottom Wall fired LNB without Overfire Air (OFA) costs 

will be used which are the median costs between the three LNB technology costs presented 

as to have a more balanced cost estimation.The scaling factor above will be utilised i.e. LNB 

without OFA. Once the CAPEX and OPEX costs have been determined in 2007 USD, the 

costs are corrected to include inflation until 2017 U.S.D amounts i.e. 18.1% and converted to 

South African Rand (ZAR) based on 2017 ZAR/ USD average exchange rate of R14.07/ USD.  

6.3.3 PARTICULATE MATTER ABATEMENT TECHNOLOGIES 

Cost Information for Fabric Filters (FF)  

Baghouse equipment costs consist of two components: the baghouse unit and the bags. Both 

costs are functions of the gross cloth area, “Ac”. The baghouse unit cost is' in turn' comprised 

of the basic baghouse cost and the costs of "add-ons" for stainless-steel and insulation. The 

prices for the basic unit or add-ons are linear functions of the gross cloth area (Vatavuk 1990), 

where: 
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𝐸𝐶 = 𝑎 + 𝑏𝐴𝑐 

Where  

EC Equipment Costs  

a Regression Constants (See Table Below) 

b Regression Constants (See Table Below) 

Ac Gross Cloth Area (See Table Below) 

 

Ac derived by dividing the Gas Stream of the particulate matter (m3/s) by the Gas -to Cloth 

ratio; or 

𝐴𝑐 =  
𝐺𝑎𝑠 𝑆𝑡𝑟𝑒𝑎𝑚 

𝐺𝑎𝑠 𝑡𝑜 𝐶𝑙𝑜𝑡ℎ 𝑅𝑎𝑡𝑖𝑜
 

Once the fabric required is determined (Ac) this is then multiplied by regression constant “b” 

i.e. bAc. The value is summed with regression constant “a” to obtain expected equipment 

costs in 1987 U.S dollars (JAPCA, 1987). The costs were correct to 2017 US dollar rates by 

applying inflation and converting to ZAR by using the 2017 Rand/US Dollar exchange rate i.e. 

R14.07/USD.   

Table 6.3.3 (a) Example of Gas-to-Cloth ratio to be utilised 

Dust  System: Reverse Air/Woven  Pulse-Jet/Felt  

Coal  1.27 4.07 

Fly ash 1.02 2.54 

Iron Ore  1.52 5.59 

 

  



132 | P a g e  
 

Table 6.3.3 (b) Regression Constants used Fabric Filter Cost Estimation 

BAGHOUSE TYPE  AREA (M2) COMPONENT  A B 

Pulse Jet Common 

Housing  

370-1500 Basic Unit 11,280 69,8 

 Stainless Steel  12,700 59,1 

 Insulation  1,670 11,7 

     

Pulse Jet Modular  

370-1500 Basic Unit 55,140 92,0 

 Stainless Steel  29,300 87,7 

 Insulation  3,500 26,1 

     

Reverse Air  

930-7,500 Basic Unit 34,200 88,0 

 Stainless Steel  16,500 68,5 

 Insulation  1,320 10 

     

Custom Built-All Types  9,300-37, 200 Basic Unit 263,000 69.3 

  Stainless Steel  108,400 28.7 

  Insulation  70,200 8.0 

     

 

6.3.4 ABATEMENT COSTING RESULTS (INTERVENTION STRATEGIES FOR STUDY 

AREAS) 

6.4 VTAPA COSTS TO REDUCE POLLUTION 

Households 

The following tables 6.4.1 (a) to (c) present the costs associated with options to meet energy 

needs considered for each municipality in VTAPA. The Option 3 was used as a middle-of-the-

road cost to reduce household emissions, while significantly improving ambient air quality.  

The Table below presents the cost of the solar lighting lantern for VTAPA. This is followed by 

a Table that presents the cost of providing solar water heating to indigent households. The 

last Table presents costing for household heating for three winter months of the year for the 

10-year CBA period using an LPG heater estimated to cost R1 500 to purchase and a full 9kg 

refilling cost of R180 per month (for 4 winter months) for indigent households. 
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Table 6.4.1 (a) Cost of the Solar Lantern for VTAPA 

Local Municipality No. Indigent Households   G1 Lantern Supplier 

Metsimaholo 6030  R          3 015 000,00  

Emfuleni 16414  R          8 207 000,00  

Midvaal 5977  R          2 988 500,00  

     R       14 210 500,00  

 

Table 6.4.1 (b) Cost of Solar Water Heating for VTAPA 

Local Municipality No. Ind. Households  Solar Geyser Cost 

Metsimaholo 8496  R          42 445 336,32  

Emfuleni 21673  R       108 276 574,16  

Midvaal 7952  R          39 727 555,84  

     R       190 449 466,32  

 

Table 6.4.1 (c): LPG Home Heating for VTAPA 

 

Local 

Municipality 

No. Ind. 

Households  LPG Heater Cost LPG Heater Cost/month 

Metsimaholo 8496  R     12 744 000,00   R                   1 529 280,00  

Emfuleni 21673  R     32 509 500,00   R                   3 901 140,00  

Midvaal 7952  R     11 928 000,00   R                   1 431 360,00  

     R    57 181 500,00   R                  6 861 780,00  

    Grand Total  R             263 034 900,00  

 

The Table below 6.4.1. (d) presents a comprehensive set of the cost of cooking options that 

could be considered for indigent households. 
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Table 6.4.1 (d) Cooking options Costs for VTAPA 

Local 

Municipality 

No. Ind. 

Households  Gel stove cost LPG Stove Cost Gel Stove/month 

LPG 

Stove/month 

Metsimaholo 7530 R1 506 000,00 R3 012 000,00 R1 694 250,00 R1 355 400,00 

Emfuleni 20540 R4 108 000,00 R8 216 000,00 R4 621 500,00 R3 697 200,00 

Midvaal 8300 R1 660 000,00 R3 320 000,00 R1 867 500,00 R1 494 000,00 

  36370 R7 274 000,00 R14 548 000,00 R8 183 250,00 R6 546 600,00 

Local 

Municipality 

No. Ind. 

Households  Wood Stove Cost 

Wood 

Stove/month Coal stove Cost 

Coal 

stove/month 

Metsimaholo 7530 R3 765 000,00 R2 334 300,00 R3 757 470,00 R301 200,00 

Emfuleni 20540 R10 270 000,00 R6 367 400,00 R10 249 460,00 R821 600,00 

Midvaal 8300 R4 150 000,00 R2 573 000,00 R4 141 700,00 R332 000,00 

  36370 R18 185 000,00 R11 274 700,00 R18 148 630,00 R1 454 800,00 

Local 

Municipality 

No. Ind. 

Households  

Paraffin Stove 

Cost 

Paraffin 

Stove/month 

Bio Mass Stove 

Cost Solar Stove Cost 

Metsimaholo 7530 R4 518 000,00 R1 506 000,00 R4 510 470,00   R11 295 000,00 

Emfuleni 20540 R12 324 000,00 R4 108 000,00 R12 303 460,00 R30 810 000,00 

Midvaal 8300 R4 980 000,00 R1 660 000,00 R4 971 700,00 R12 450 000,00 

  36370 R21 822 000,00 R7 274 000,00 R21 785 630,00 R54 555 000,00 

 

Table 6.4.1 (e) presents the four Options that we chose keeping in mind the minimisation of 

in-house emissions for indigent households in the six priority areas. Option 3 below was used 

for the Cost calculations while the other options provide sensitivity analyses cases. 
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Table 6.4.1 (e) Domestic Fuel Burning Intervention Costs for VTAPA 

Option 1 

LPG Cooking  R      800 140 000,00  

Solar Water Heating  R      190 449 466,32  

Solar lantern  R        14 210 500,00  

LPG Home Heating  R      263 034 900,00  

Total  R  1 267 834 866,32  

      

Option 2 

Solar Cooking  R        54 555 000,00  

Solar Water Heating  R      190 449 466,32  

Solar lantern  R        14 210 500,00  

LPG Home Heating  R      263 034 900,00  

Total  R      522 249 866,32  

   

Option 3 

Electricity Cooking and Lighting  R      144 025 200,00  

Solar Water Heating   R      190 449 466,32  

LPG Home Heating  R      263 034 900,00  

Total  R      597 509 566,32  

   

Option 4 

Solar Cooking  R        54 555 000,00  

Electricity Water Heating and Lighting  R      150 959 160,00  

LPG Home Heating  R      263 034 900,00  

Total  R      468 549 060,00  

 

Mines  

The Table below presents the cost of treating mine roads in the VTAPA priority area for the 

mining road network for the ranges 10KM for the 10-year CBA period which is the sum of the 

establishment cost and maintenance of the road which totals R20 816 250, and R83 265 000 

for the 40KM strength mining road network.  

The VTAPA’s priority area mining road network range is 10KM for the 10-year CBA period 

which is the sum of the establishment cost and maintenance of the road which totals 

R150 491 250, 00, and R601 965 000,00 for the 40KM strength mining road network. For the 

purposes of the CBA calculations, the 10KM option was used. 
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Table 6.4.1 (g) Cost of Treating Mine Roads in VTAPA 

  
Mine 

Size Raw material tonnage/p.a 

No. 

Mines Width (m) Est. (10 km)@R3 

Re-appl. 

(10km)@R0.125 Est. (40 km)@R3 

Re-appl. 

(40km)@R0.125 

0                                10 000  19 13 R 7 410 000,00  R 4 631 250,00  R 29 640 000,00  R 18 525 000,00  

1                              100 000  1 13 R 390 000,00  R 243 750,00  R 1 560 000,00  R 975 000,00  

2                           1 000 000  4 13 R 1 560 000,00  R 975 000,00  R 6 240 000,00  R 3 900 000,00  

3                        10 000 000  4 23 R 2 760 000,00  R 1 725 000,00  R 11 040 000,00  R 6 900 000,00  

4                      100 000 000  0 23 R           -    R          -    R           -    R          -    

5                   1 000 000 000  1 23 R 690 000,00  R 431 250,00  R 2 760 000,00  R 1 725 000,00  

7              100 000 000 000  0 26 R            -    R          -    R           -    R          -    

8           1 000 000 000 000  0 26 R            -    R          -    R           -    R          -    

9        10 000 000 000 000  0 26 R            -    R          -    R           -    R          -    

    29   R 12 810 000,00  R 8 006 250,00  R 51 240 000,00  R 32 025 000,00  

        

   

Total Cost 

(10 yrs.) R 20 816 250 R 83 265 000 

 

In summary Table 6.4.1 (g) indicates that for mines with larger raw material tonnage, the width 

of the mine roads increases with a concomitant increase in cost to treat these larger roads for 

dust suppression. Subsequent re-application of dust suppressants is lower than the original 

treatment cost.  For purposes of the cost calculation, the conservative 10KM road length option 

was used; while the higher value is available for a sensitivity analyses as required. 

Industry 

The following tables present the costs associated with emission reduction from industry, using 

Flue Gas Desulphurization (FGD) or Dry Sorbent Injection (DSI), Low NOx Burners (LNB) and 

Fabric Filters (FF) for the major sources in the area. 
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Table 6.4.1 (h) (1) VTAPA Wet FGD Costs  

EMISSION SOURCE  UNIT SIZE 

(KW) 

FGD COST SYSTEM  

(ZAR 2017 ) 

OPEX 

COST 

PER KW 

(R ) 

OPEX COST P.A (ZAR 

2017) 

TOTAL COST OF FGD 

UNIT (CAPEX + OPEX) 

POWER STATION N/A   N/A   N/A 

UTILITY BOILER A 

(SASOL) 

  800 000           2 776 733 333,33  760,25  608 201 833,33  8 858 751 666,67  

UTILITY BOILER B 

(NATREF) 

 100 000              347 091 666,67  760,25   76 025 229,17  1 107 343 958,33  

UTILITY BOILER C 

(MITTAL VANDERBIJL) 

 100 000              347 091 666,67  760,25   76 025 229,17   1 107 343 958,33  

TOTAL           3 470 916 666,67    760 252 291,67   11 073 439 583,33  

 

Table 6.4.1 (h) (2) VTAPA DSI Costs 

EMISSION SOURCE  UNIT 

SIZE 

(KW) 

DSI COST SYSTEM 

(ZAR 2017)  

OPEX COST P.A 

(ZAR 2017) 

OPEX 

COST PER 

KW (ZAR 

2017) 

TOTAL COST OF DSI UNIT 2030 

(CAPEX + OPEX) IN 2017 ZAR 

POWER STATION N/A       
 

UTILITY BOILER A 

(CHEMICALS) 

800 000        252 666 727,94  220 474 062,94  275,59  2 457 407 357,36  

UTILITY BOILER B 

(REFINERY) 

100 000     139 981 453,90    45 161 555,24  451,62    591 597 006,26  

UTILITY BOILER C 

(STEEL) 

100 000     139 981 453,90    45 161 555,24  451,62   591 597 006,26  

TOTAL    R 532 629 635,74 R 310 797 173,42   R 3 640 601 369,89  
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Table 6.4.1 (i) VTAPA LNB Costs  

Emission 

Source  

Unit Size 

(Kw) 

CAPEX per 

Kw  

(R ) 

Capital 

Required 

 (R ) 

OPEX 

Cost per 

Kw (R ) 

Operational Cost 

Expected (till 2030) 

Total Cost of LNB Unit 

(CAPEX + OPEX) 

Power Station  3 700 000 45 2 667 063 

037,04  

0,3 166 691 439,81  2 667 063 037,04  

Utility Boiler  N/A N/A N/A N/A N/A N/A 

Total      

 

Table 6.4.1 (j) VTAPA Fabric Filter (FF) Costs 

Emission Source  Total Cost (R Corrected to 2017) of FF Unit  

(A)  Steel 105 253 037,72 

(B)  Refinery 1 189 556 926,64 

(C) Chemicals 15 518 683,10 

(D) Power 2 341 220 278,30 

Total 3 651 548 925,76 

  

6.4.2 HPA COSTS TO REDUCE POLLUTION 

The following tables present the costs associated with emission reduction from industry, using 

Flue Gas Desulphurization (FGD), Low NOx Burners (LNB) and Fabric Filters (FF) for the 

major sources in the area. 
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Industry in HPA 

Table 6.4.2 (a) HPA Wet FGD Costs  

Emission 

Source  

Unit Size 

(Kw) 

CAPEX per 

Kw (R ) 

Capital Required 

(R ) 

OPEX Cost 

per Kw (R ) 

Operational 

Cost Expected 

(till 2030) 

Total Cost of 

FGD Unit 

(CAPEX + 

OPEX) 

Power Station 4800000 3 470,92  16 660 400 000,00  760,2 36 489 600 000,00           53 150 000 000,00  

Power Station 4116000 3 470,92  14 286 293 000,00  760,2 31 289 832 000,00           45 576 125 000,00  

Utility Boiler  600 

000,00  

 3 470,92   2 082 550 000,00  760,2  4 561 200 000,00   6 643 750 000,00  

       

Total  30 946 693 000,00    67 779 432 000,00  105 369 875 000,00 

 

Table 6.4.2 (a) HPA DSI Costs 10 years 

SARGENT & LUNDY   

EMISSION 

SOURCE  

Unit Size 

(Kw) 

 DSI Cost System 

(ZAR 2017)  

Capital Cost 

per Kw 

(ZAR 2017) 

OPEX Cost p.a  

(ZAR 2017) 

OPEX Cost Till 2030  

(ZAR 2017) 

Total Cost of DSI 

Unit 2030 (CAPEX + 

OPEX) in 2017 ZAR 

POWER 

STATION 

(KUSILE) 

4 800 000   469 188 517,66  97,74760785  996 622 629,34   9 966 226 293,41  20 401 641 104,48  

POWER 

STATION 

(KENDAL) 

4 116 000   420 284 149,42  87,5591978 1 154 893 998,85  11 548 939 988,50  11 969 224 137,92  

UTILITY 

BOILER 

600 000   232 844 216,43  48,50921176  172 134 804,42   1 721 348 044,23    1 954 192 260,66  

TOTAL    R653 128 365,85   R1 327 028 803,27 13 270 288 032,73  34 325 057 503,06  
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Table 6.4.2 (b) HPA LNB Costs  

Emission 

Source  

Unit Size 

(Kw) 

CAPEX per 

Kw (U.S $ 

2007) 

Capital Required 

(U.S $ 2007) 

OPEX 

Cost per 

Kw (U.S $ 

2007) 

Operational 

Cost (U.S $ 

2007) Expected 

(till 2030) 

Total Cost (R Corrected 

to 2017) of LNB Unit 

(CAPEX + OPEX) 

Power Station A 4116000 45 72 339 874, 98 0,3 4 822 658, 33 1 282 184 352,46 

Power Station B 4800000 45 79 831 571,28  0,3   5 322 104,75  1 414 970 534,07  

Utility Boiler 

(Refinery) 

100000 

 

45 6 675 734,32 0,3 445 048, 95  118 323 705,78  

 

Power Station C 600000 45 21 052 030,75  

 

0,3  1 403 468,72  

 

  373 135 624,33  

 

Total     3 188 614 216,64 

 

 

Table 6.4.2 (c) HPA Fabric Filter (FF) Costs 

Emission Source  Total Cost (R Corrected to 2017) of FF Unit 

(A)    Power 162 459 396,05 

(B)    Power 285 261 709,59 

(C)   Refinery  6 588 699 134,44 

(D)   Steel  14 350 146,97 

(E) Charcoal 5 603 905,13 

Total 7 056 374 292,18 

 

Households in HPA  

The following tables present the costs associated with options to meet energy needs 

considered for each municipality in HPA. The Option 3 was used as a middle-of-the-road cost 

to reduce emissions, while significantly improving ambient air quality.  
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Table 6.4.2 (d) Cooking options Costs for HPA 

Local Municipality 

No. Ind. 

Households   Gel stove cost  LPG Stove Cost Gel Stove/month LPG Stove/month 

Ekurhuleni 204447 R40 889 400,00 R81 778 800,00 R46 000 575,00 R36 800 460,00 

MP302: Msukaligwa 20708 R4 141 600,00 R8 283 200,00 R4 659 300,00 R3 727 440,00 

MP304: Pixley Ka Seme 9358 R1 871 600,00 R3 743 200,00 R2 105 550,00 R1 684 440,00 

MP307: Govan Mbeki 15786 R3 157 200,00 R6 314 400,00 R3 551 850,00 R2 841 480,00 

MP311: Victor Khanye 7377 R1 475 400,00 R2 950 800,00 R1 659 825,00 R1 327 860,00 

MP312: Emalahleni 34569 R6 913 800,00 R13 827 600,00 R7 778 025,00 R6 222 420,00 

MP313: Steve Tshwete 11493 R2 298 600,00 R4 597 200,00 R2 585 925,00 R2 068 740,00 

  303738 R60 747 600,00 R121 495 200,00 R68 341 050,00 R54 672 840,00 

Local Municipality 

No. Ind. 

Households  Wood Stove Cost Wood Stove/month Coal stove Cost Coal stove/month 

Ekurhuleni 204447 R102 223 500,00 R63 378 570,00 R102 019 053,00 R8 177 880,00 

MP302: Msukaligwa 20708 R10 354 000,00 R6 419 480,00 R10 333 292,00 R828 320,00 

MP304: Pixley Ka Seme 9358 R4 679 000,00 R2 900 980,00 R4 669 642,00 R374 320,00 

MP307: Govan Mbeki 15786 R7 893 000,00 R4 893 660,00 R7 877 214,00 R631 440,00 

MP311: Victor Khanye 7377 R3 688 500,00 R2 286 870,00 R3 681 123,00 R295 080,00 

MP312: Emalahleni 34569 R17 284 500,00 R10 716 390,00 R17 249 931,00 R1 382 760,00 

MP313: Steve Tshwete 11493 R5 746 500,00 R3 562 830,00 R5 735 007,00 R459 720,00 

  303738 R151 869 000,00 R94 158 780,00 R151 565 262,00 R12 149 520,00 

Local Municipality 

No. Ind. 

Households  

Paraffin Stove 

Cost 

Paraffin 

Stove/month 

Bio Mass Stove 

Cost Solar Stove Cost 

Ekurhuleni 204447 R122 668 200,00 R40 889 400,00 R122 463 753,00 R306 670 500,00 

MP302: Msukaligwa 20708 R12 424 800,00 R4 141 600,00 R12 404 092,00 R31 062 000,00 

MP304: Pixley Ka Seme 9358 R5 614 800,00 R1 871 600,00 R5 605 442,00 R14 037 000,00 

MP307: Govan Mbeki 15786 R9 471 600,00 R3 157 200,00 R9 455 814,00 R23 679 000,00 

MP311: Victor Khanye 7377 R4 426 200,00 R1 475 400,00 R4 418 823,00 R11 065 500,00 

MP312: Emalahleni 34569 R20 741 400,00 R6 913 800,00 R20 706 831,00 R51 853 500,00 

MP313: Steve Tshwete 11493 R6 895 800,00 R2 298 600,00 R6 884 307,00 R17 239 500,00 

  303738 R182 242 800,00 R60 747 600,00 R181 939 062,00 R455 607 000,00 
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Table 6.4.2 (e) Domestic Fuel Burning Intervention Costs for HPA 

Option 1 

LPG Cooking R6 682 236 000,00 

Solar Water Heating R1 716 093 524,08 

Solar lantern R118 445 500,00 

LPG Home Heating R2 370 143 100,00 

Total R10 886 918 124,08 

      

Option 2 

Solar Cooking R455 607 000,00 

Solar Water Heating R1 716 093 524,08 

Solar lantern R118 445 500,00 

LPG Home Heating R2 370 143 100,00 

Total R4 660 289 124,08 

   

Option 3 

Electricity Cooking and Lighting R1 202 802 480,00 

Solar Water Heating  R1 716 093 524,08 

LPG Home Heating R2 370 143 100,00 

Total R5 289 039 104,08 

   

Option 4 

Solar Cooking R455 607 000,00 

Electricity Water Heating and Lighting R1 360 256 040,00 

LPG Home Heating R2 370 143 100,00 

Total R4 186 006 140,00 

Mines in HPA 

The HPA area is well represented in terms of the size of mining activities taking place in the 

area, with the bulk of the mining activities being concentrated in the small scale and medium 

sized mining operations. There is however a noticeable number of large mining activities that 

generated raw material of at least 100 million tons per year. 

  



143 | P a g e  
 

Table 6.4.2 (f) Cost of Treating Mine Roads in HPA 

Mine 

Size Raw material tonnage/p.a 

No. 

Mines Width (m) Est. (10 km)@R3 

Re-appl. 

(10km)@R0.125 Est. (40 km)@R3 

Re-appl. 

(40km)@R0.125 

0                                10 000  74 13 R28 860 000,00 R18 037 500,00 R115 440 000,00 R72 150 000,00 

1                              100 000  22 13 R8 580 000,00 R5 362 500,00 R34 320 000,00 R21 450 000,00 

2                           1 000 000  37 13 R14 430 000,00 R9 018 750,00 R57 720 000,00 R36 075 000,00 

3                        10 000 000  32 23 R22 080 000,00 R13 800 000,00 R88 320 000,00 R55 200 000,00 

4                      100 000 000  18 23 R12 420 000,00 R7 762 500,00 R49 680 000,00 R31 050 000,00 

7              100 000 000 000  5 26 R3 900 000,00 R2 437 500,00 R15 600 000,00 R9 750 000,00 

8           1 000 000 000 000  2 26 R1 560 000,00 R975 000,00 R6 240 000,00 R3 900 000,00 

9        10 000 000 000 000  1 26 R780 000,00 R487 500,00 R3 120 000,00 R1 950 000,00 

    191   R92 610 000,00 R57 881 250,00 R370 440 000,00 R231 525 000,00 

      

Total Cost 

(10 yrs) R150 491 250,00 R601 965 000,00 

 

6.4.3 WDM COSTS TO REDUCE POLLUTION 

Households in WDM 

The following tables present the costs associated with options to meet energy needs 

considered for each municipality in WDM. The Option 3 was used as a middle-of-the-road cost 

to reduce emissions, while significantly improving ambient air quality.  
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Table 6.4.3 (a) Cooking options Costs for WDM 

Local Municipality 

No. Ind. 

Households  Gel stove cost LPG Stove Cost Gel Stove/month LPG Stove/month 

LIM361: Thabazimbi 6660 R1 332 000,00 R2 664 000,00 R1 498 500,00 R1 198 800,00 

LIM362: Lephalale 11758 R2 351 600,00 R4 703 200,00 R2 645 550,00 R2 116 440,00 

LIM364: Mookgopong 2347 R469 400,00 R938 800,00 R528 075,00 R422 460,00 

LIM365: Modimolle 4399 R879 800,00 R1 759 600,00 R989 775,00 R791 820,00 

LIM366: Bela-Bela 4343 R868 600,00 R1 737 200,00 R977 175,00 R781 740,00 

LIM367: Mogalakwena 32004 R6 400 800,00 R12 801 600,00 R7 200 900,00 R5 760 720,00 

  61511 R12 302 200,00 R24 604 400,00 R13 839 975,00 R11 071 980,00 

Local Municipality 

No. Ind. 

Households  Wood Stove Cost 

Wood 

Stove/month Coal stove Cost Coal stove/month 

LIM361: Thabazimbi 6660 R3 330 000,00 R2 064 600,00 R3 323 340,00 R266 400,00 

LIM362: Lephalale 11758 R5 879 000,00 R3 644 980,00 R5 867 242,00 R470 320,00 

LIM364: Mookgopong 2347 R1 173 500,00 R727 570,00 R1 171 153,00 R93 880,00 

LIM365: Modimolle 4399 R2 199 500,00 R1 363 690,00 R2 195 101,00 R175 960,00 

LIM366: Bela-Bela 4343 R2 171 500,00 R1 346 330,00 R2 167 157,00 R173 720,00 

LIM367: 

Mogalakwena 32004 R16 002 000,00 R9 921 240,00 R15 969 996,00 R1 280 160,00 

  61511 R30 755 500,00 R19 068 410,00 R30 693 989,00 R2 460 440,00 

Local Municipality 

No. Ind. 

Households  

Paraffin Stove 

Cost 

Paraffin 

Stove/month 

Bio Mass Stove 

Cost Solar Stove Cost 

LIM361: Thabazimbi 6660 R3 996 000,00 R1 332 000,00 R3 989 340,00 R9 990 000,00 

LIM362: Lephalale 11758 R7 054 800,00 R2 351 600,00 R7 043 042,00 R17 637 000,00 

LIM364: Mookgopong 2347 R1 408 200,00 R469 400,00 R1 405 853,00 R3 520 500,00 

LIM365: Modimolle 4399 R2 639 400,00 R879 800,00 R2 635 001,00 R6 598 500,00 

LIM366: Bela-Bela 4343 R2 605 800,00 R868 600,00 R2 601 457,00 R6 514 500,00 

LIM367: Mogalakwena 32004 R19 202 400,00 R6 400 800,00 R19 170 396,00 R48 006 000,00 

  61511 R36 906 600,00 R12 302 200,00 R36 845 089,00 R92 266 500,00 
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Table 6.4.3 (b) Domestic Fuel Burning Intervention Costs for WDM 

Option 1 

LPG Cooking R1 353 242 000,00 

Solar Water Heating R249 541 208,08 

Solar lantern R11 508 500,00 

LPG Home Heating R344 648 100,00 

Total R1 958 939 808,08 

      

Option 2 

Solar Cooking R92 266 500,00 

Solar Water Heating R249 541 208,08 

Solar lantern R11 508 500,00 

LPG Home Heating R344 648 100,00 

Total R697 964 308,08 

   

Option 3 

Electricity Cooking and Lighting R243 583 560,00 

Solar Water Heating  R249 541 208,08 

LPG Home Heating R344 648 100,00 

Total R837 772 868,08 

   

Option 4 

Solar Cooking R92 266 500,00 

Electricity Water Heating and Lighting R197 798 040,00 

LPG Home Heating R344 648 100,00 

Total R634 712 640,00 

 

Mines in WDM 

The cost of treating mine roads in the Waterberg priority area for the mining road network for 

the ranges 10KM for the 10-year CBA period which is the sum of the establishment cost and 

maintenance of the road which totals R43 777 500, 00, and R175 110 000, 00 for the 40KM 

stretch of mining road network. 
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Table 6.4.3 (c) Cost of Treating Mine Roads in WDM 

 

Mine 

Size Raw material tonnage/p.a 

No. 

Mines Width (m) Est. (10 km)@R3 

Re-appl. 

(10km)@R0.125 Est. (40 km)@R3 

Re-appl. 

(40km)@R0.125 

0                                10 000  31 13 R12 090 000,00 R7 556 250,00 R48 360 000,00 R30 225 000,00 

1                              100 000  2 13 R780 000,00 R487 500,00 R3 120 000,00 R1 950 000,00 

2                           1 000 000  0 13 R0,00 R0,00 R0,00 R0,00 

3                        10 000 000  6 23 R4 140 000,00 R2 587 500,00 R16 560 000,00 R10 350 000,00 

4                      100 000 000  8 23 R5 520 000,00 R3 450 000,00 R22 080 000,00 R13 800 000,00 

5                   1 000 000 000  3 23 R2 070 000,00 R1 293 750,00 R8 280 000,00 R5 175 000,00 

6                10 000 000 000  3 26 R2 340 000,00 R1 462 500,00 R9 360 000,00 R5 850 000,00 

7              100 000 000 000  0 26 R0,00 R0,00 R0,00 R0,00 

8           1 000 000 000 000  0 26 R0,00 R0,00 R0,00 R0,00 

9        10 000 000 000 000  0 26 R0,00 R0,00 R0,00 R0,00 

    53   R26 940 000,00 R16 837 500,00 R107 760 000,00 R67 350 000,00 

      Total Cost (10 yrs) R43 777 500,00 R175 110 000,00 

 

Industry in WDM 

The following tables present the costs associated with emission reduction from industry, using 

Flue Gas Desulphurization (FGD), Low NOx Burners (LNB) and Fabric Filters (FF) for the 

major sources in the area. 

Table 6.4.3 (d) (1) WDM Wet FGD Costs 10 years 

Emission 

Source  

Unit 

Size 

(Kw) 

CAPEX 

per Kw 

(R) 

Capital Required (R ) OPEX 

Cost 

per Kw 

(R ) 

Operational Cost 

Expected (till 2030) 

Total Cost of FGD Unit 

(CAPEX + OPEX) 

Power 

Station 

3990000    3 470,92           13 848 957 500  760,2          30 331 980 000,00           44 180 937 500,00  

Power 

Station 

4800000    3 470,92           16 660 400 000  760,2          36 489 600 000,00           53 150 000 000,00  

Utility Boiler 

(Bricks) 

100000    3 470,92                347 091 667  760,2               760 200 000,00             1 107 291 666,67  

Total  30 856 449 166,67      66 821 580 000,00    98 438 229 166,67  
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TABLE 6.4.3 (D) (2) WDM DSI COSTS 10 YEARS   

EMISSION 

SOURCE  

Unit Size 

(Kw) 

 DSI Cost System 

(ZAR 2017)  

Capital Cost 

per Kw 

(ZAR 2017) 

OPEX Cost p.a 

(ZAR 2017) 

OPEX Cost Till 

2030 (ZAR 2017) 

Total Cost of DSI Unit 

2030 (CAPEX + OPEX) 

in 2017 ZAR 

POWER 

STATION 

(MATIMBA) 

 3 990 000  420 284 149,42  105,3343733                                                                   

1 154 893 998,85  

                                                  

11 548 939 988,50  

          11 969 224 137,92  

POWER 

STATION 

(MEDUPI) 

 4 800 000     479 750 177,40  99,95                                                                       

967 434 942,96  

                                                    

9 674 349 429,57  

          10 154 099 606,97  

UTILITY 

BOILER 

                                    

100 000 

    139 981 453,90  1399,81                                                                         

45 161 555,24  

                                                        

451 615 552,37  

          591 597 006,26  

TOTAL            R22 714 920 751,15 

 

Table 6.4.3 (e) WDM LNB Costs  

Emission 

Source  

Unit Size 

(Kw) 

CAPEX per 

Kw (U.S $ 

2007) 

Capital Required 

(U.S $ 2007) 

OPEX 

Cost per 

Kw (U.S $ 

2007) 

Operational Cost 

(U.S $ 2007) 

Expected (till 2030) 

Total Cost (R 

Corrected to 2017) of 

LNB Unit (CAPEX + 

OPEX) 

Utility Boiler 

(Cement W1) 

100000 45 6 675 734,32 0,3 445 048, 95 118 323 705,78  

 

Utility Boiler 

(Cement W2)  

100000 45 6 675 734,32 0,3 445 048, 95 118 323 705,78  

 

Total     236 647 411,56  

 

 

Table 6.4.3 (f) WDM Fabric Filter (FF) Costs 

Emission Source  Total Cost (R Corrected to 2017) of FF Unit 

(A)    Cement CDW1 369 635 809,58 

(B)    Cement  DW2  497 363 766,70 

Total 866  999 576,28 
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6.4.4 ETK COSTS TO REDUCE POLLUTION 

Households  

The following tables present the costs associated with options to meet energy needs 

considered in ETK. The Option 3 was used as a middle-of-the-road cost to reduce emissions, 

while significantly improving ambient air quality.  

Table 6.4.4 (a) Cooking options Costs for ETK 

  

No. Ind. 

Households  Gel stove cost LPG Stove Cost Gel Stove/month LPG Stove/month 

eThekwini 128708 R25 741 600,00 R51 483 200,00 R28 959 300,00 R23 167 440,00 

 

  

No. Ind. 

Households  Wood Stove Cost 

Wood 

Stove/month Coal stove Cost Coal stove/month 

eThekwini 128708 R64 354 000,00 R39 899 480,00 R64 225 292,00 R5 148 320,00 

 

  

No. Ind. 

Households  

Paraffin Stove 

Cost 

Paraffin 

Stove/month 

Bio Mass Stove 

Cost Solar Stove Cost 

eThekwini 128708 R77 224 800,00 R25 741 600,00 R77 096 092,00 R193 062 000,00 

 

Table 6.4.4 (b) Domestic Fuel Burning Intervention Costs for ETK 

Option 1 

LPG Cooking R2 831 576 000,00 

Solar Water Heating R379 744 875,12 

Solar lantern R44 995 000,00 

LPG Home Heating R524 475 900,00 

Total R3 780 791 775,12 

      

Option 2 

Solar Cooking R193 062 000,00 

Solar Water Heating R379 744 875,12 

Solar lantern R44 995 000,00 

LPG Home Heating R524 475 900,00 

Total R1 142 277 775,12 

   

Option 3 

Electricity Cooking and Lighting R509 683 680,00 

Solar Water Heating  R379 744 875,12 

LPG Home Heating R524 475 900,00 

Total R1 413 904 455,12 
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Option 4 

Solar Cooking R193 062 000,00 

Electricity Water Heating and Lighting R301 003 560,00 

LPG Home Heating R524 475 900,00 

Total R1 018 541 460,00 

 

Mines in ETK 

The ETK area has mining activities that produce less than the thousand tons of raw material 

per year. The Table below presents the cost of treating mine roads in the ETK area for the 

mining road network for the ranges 10KM for the 10-year CBA period which is the sum of the 

establishment cost and maintenance of the road which totals R8 872 500 and R35 490 000 

for the 40KM strength mining road network. 

Table 6.4.4 (c) Cost of Treating Mine Roads in ETK 

Mine 

Size Raw material tonnage/p.a 

No. 

Mines Width (m) 

Est. (10 

km)@R3 

Re-appl. 

(10km)@R0.125 Est. (40 km)@R3 

Re-appl. 

(40km)@R0.125 

0                                10 000  14 13 R5 460 000,00 R3 412 500,00 R21 840 000,00 R13 650 000,00 

1                              100 000  0 13 R0,00 R0,00 R0,00 R0,00 

2                           1 000 000  0 13 R0,00 R0,00 R0,00 R0,00 

3                        10 000 000  0 23 R0,00 R0,00 R0,00 R0,00 

4                      100 000 000  0 23 R0,00 R0,00 R0,00 R0,00 

5                   1 000 000 000  0 23 R0,00 R0,00 R0,00 R0,00 

7              100 000 000 000  0 26 R0,00 R0,00 R0,00 R0,00 

8           1 000 000 000 000  0 26 R0,00 R0,00 R0,00 R0,00 

9        10 000 000 000 000  0 26 R0,00 R0,00 R0,00 R0,00 

    14   R5 460 000,00 R3 412 500,00 R21 840 000,00 R13 650 000,00 

      Total Cost (10 yrs) R8 872 500,00 R35 490 000,00 

 

 

Industry in ETK 

The following tables present the costs associated with emission reduction from industry, using 

Flue Gas Desulphurization (FGD), Low NOx Burners (LNB) and Fabric Filters (FF) for the 

major sources in the area. 
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Table 6.4.4 (d) ETK Wet FGD Costs  

Emission Source  Unit Size 

(Kw) 

CAPEX per 

Kw (R ) 

Capital Required 

(R ) 

OPEX 

Cost per 

Kw (R ) 

Operational Cost 

Expected (till 2030) 

Total Cost of FGD 

Unit (CAPEX + 

OPEX) 

Utility Boiler 

(Refinery)     P2 

100000 3 470,92  347 091 666,67  760,2 760 200 000,00  1 107 291 666,67  

Utility Boiler  

(Refinery)    P4  

100000 3 470,92  347 091 666,67  760,2 760 200 000,00  1 107 291 666,67  

Utility Boiler 

(Refinery)    P7  

100000 3 470,92  347 091 666,67  760,2 760 200 000,00  1 107 291 666,67  

Total  1 041 275 000,00    2 280 600 000,00  3 321 875 000,00  

 

Table 6.4.4 (e) ETK LNB Cost  

Emission 

Source  

Unit Size 

(Kw) 

CAPEX per 

Kw (U.S $ 

2007) 

Capital Required 

(U.S $ 2007) 

OPEX 

Cost per 

Kw (U.S $ 

2007) 

Operational Cost 

(U.S $ 2007) 

Expected (till 2030) 

Total Cost (R 

Corrected to 2017) of 

LNB Unit (CAPEX + 

OPEX) 

Utility Boiler 

(Refinery) 

100000 45 6 675 734,32 0,3 445 048, 95 118 323 705,78  

 

Utility Boiler 

(Paper) 

100000 45 6 675 734,32 0,3 445 048, 95 118 323 705,78  

 

Total     236 647 411,56  

 

 

 

Table 6.4.4 (f) ETK Fabric Filter Costs 

Emission Source  Total Cost (R Corrected to 2017) of FF Unit 

Paper (Biggest Stack) 376 173 396,02 

Sugar (Refinery Boiler P1) 57 161 823,02 

Total 433 5 219,04 
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6.4.5 CPT COSTS TO REDUCE POLLUTION 

Households in CPT 

The following tables present the costs associated with options to meet energy needs 

considered for each municipality in CPT. The Option 3 was used as a middle-of-the-road cost 

to reduce emissions, while significantly improving ambient air quality.  

Table 6.4.5 (a) Cooking options Costs for CPT 

  

No. Ind. 

Households  Gel stove cost LPG Stove Cost Gel Stove/month LPG Stove/month 

City of Cape 

Town 124823 R24 964 600,00 R49 929 200,00 R28 085 175,00 R22 468 140,00 

5  

  

No. Ind. 

Households  Wood Stove Cost 

Wood 

Stove/month Coal stove Cost Coal stove/month 

City of Cape 

Town 124823 R62 411 500,00 R38 695 130,00 R62 286 677,00 R4 992 920,00 

6  

  

No. Ind. 

Households 

Paraffin Stove 

Cost 

Paraffin 

Stove/month 

Bio Mass Stove 

Cost Solar Stove Cost 

City of Cape 

Town 124823 R74 893 800,00 R24 964 600,00 R74 768 977,00 R187 234 500,00 
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Table 6.4.5 (b) Fuel Domestic Burning Intervention Costs for CPT 

Option 1 

LPG Cooking R2 746 106 000,00 

Solar Water Heating R1 095 490 349,84 

Solar lantern R29 987 000,00 

LPG Home Heating R1 513 011 300,00 

Total R5 384 594 649,84 

      

Option 2 

Solar Cooking R187 234 500,00 

Solar Water Heating R1 095 490 349,84 

Solar lantern R29 987 000,00 

LPG Home Heating R1 513 011 300,00 

Total R2 825 723 149,84 

   

Option 3 

Electricity Cooking and Lighting R494 299 080,00 

Solar Water Heating  R1 095 490 349,84 

LPG Home Heating R1 513 011 300,00 

Total R3 102 800 729,84 

   

Option 4 

Solar Cooking R187 234 500,00 

Electricity Water Heating and Lighting R868 336 920,00 

LPG Home Heating R1 513 011 300,00 

Total R2 568 582 720,00 

 

Mines 

The cost for the Cape Town area for treating the mining road network for the ranges 10KM for 

the 10-year CBA period which is the sum of the establishment cost and maintenance of the 

road which totals R27 105 000 and R108 420 000 for the 40KM strength mining road network. 
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Table 6.4.5 (C) Cost of Treating Mine Roads in CPT 

Mine 

Size Raw material tonnage/p.a 

No. 

Mines Width (m) Est. (10 km)@R3 

Re-appl. 

(10km)@R0.125 Est. (40 km)@R3 

Re-appl. 

(40km)@R0.125 

0                                10 000  41 13 R15 990 000,00 R9 993 750,00 R63 960 000,00 R39 975 000,00 

1                              100 000  0 13 R0,00 R0,00 R0,00 R0,00 

2                           1 000 000  0 13 R0,00 R0,00 R0,00 R0,00 

3                        10 000 000  0 23 R0,00 R0,00 R0,00 R0,00 

4                      100 000 000  0 23 R0,00 R0,00 R0,00 R0,00 

5                   1 000 000 000  1 23 R690 000,00 R431 250,00 R2 760 000,00 R1 725 000,00 

7              100 000 000 000  0 26 R0,00 R0,00 R0,00 R0,00 

8           1 000 000 000 000  0 26 R0,00 R0,00 R0,00 R0,00 

9        10 000 000 000 000  0 26 R0,00 R0,00 R0,00 R0,00 

    42   R16 680 000,00 R10 425 000,00 R66 720 000,00 R41 700 000,00 

      Total Cost (10 yrs) R27 105 000,00 R108 420 000,00 

 

 

Industry in CPT 

The following tables present the costs associated with emission reduction from industry, using 

Flue Gas Desulphurization (FGD), Low NOx Burners (LNB) and Fabric Filters (FF) for the 

major sources in the area. 

Table 6.4.5 (d) CPT Wet FGD Costs  

Emission 

Source  

Unit Size 

(Kw) 

CAPEX 

per Kw 

(R ) 

Capital 

Required 

(R ) 

OPEX 

Cost 

per Kw 

(R ) 

Operational 

Cost 

Expected (till 

2030) 

Total Cost of 

FGD Unit 

(CAPEX + 

OPEX) 

Power 

Station  

N/A N/A N/A N/A N/A N/A 

Utility Boiler  N/A N/A N/A N/A N/A N/A 

Total      

N/A= Not applicable 
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Table 6.4.5 (e) CPT LNB Costs  

Emission 

Source  

Unit Size 

(Kw) 

CAPEX 

per Kw 

(U.S $ 

2007) 

Capital 

Required 

(U.S $ 2007) 

OPEX 

Cost per 

Kw (U.S 

$ 2007) 

Operational 

Cost (U.S $ 

2007) Expected 

(till 2030) 

Total Cost (R 

Corrected to 

2017) of LNB Unit 

(CAPEX + OPEX) 

Utility Boiler 

(Refinery) 

100000 45 6 675 734,32 0,3 445 048, 95 118 323 705,78  

 

Utility Boiler 

(Refinery) 

100000 45 6 675 734,32 0,3 445 048, 95 118 323 705,78  

 

Power Station 171000 45 9 415 633,62  

 

0,3 627 708,91  

 

166 886 908,50  

 

Total     403 534 320,06 

 

 

Table 6.4.5 (f) CPT Fabric Filter (FF) Costs 

Emission Source  Total Cost (R Corrected to 2017) of FF Unit  

Waste incineration  17 746 667,65 

Total 17  46 667,65 

 

6.4.6 ZDM COSTS TO REDUCE POLLUTION 

Households in ZDM 

The following tables present the costs associated with options to meet energy needs 

considered for each municipality in ZDM. The Option 3 was used as a middle-of-the-road cost 

to reduce emissions, while significantly improving ambient air quality.  
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Table 6.4.6 (a) Cooking options Costs for ZDM 

Local Municipality 

No. Ind. 

Households  

Gel stove 

cost 

LPG Stove 

Cost 

Gel 

Stove/month 

LPG 

Stove/month 

Mier former LM //Khara Hais 

former 
3492 

R698 400,00 R1 396 800,00 R785 700,00 R628 560,00 

Kai !Garib LM 2808 R561 600,00 R1 123 200,00 R631 800,00 R505 440,00 

!Kheis LM 1819 R363 800,00 R727 600,00 R409 275,00 R327 420,00 

Tsantsabane LM 1711 R342 200,00 R684 400,00 R384 975,00 R307 980,00 

Kgatelopele LM 570 R114 000,00 R228 000,00 R128 250,00 R102 600,00 

  10400 R2 080 000,00 R4 160 000,00 R2 340 000,00 R1 872 000,00 

Local Municipality 

No. Ind. 

Households  Wood Stove Cost Wood Stove/month Coal stove Cost Coal stove/month 

Mier former LM 

//Khara Hais former 
3492 

R1 746 000,00 R1 082 520,00 R1 742 508,00 R139 680,00 

Kai !Garib LM 2808 R1 404 000,00 R870 480,00 R1 401 192,00 R112 320,00 

!Kheis LM 1819 R909 500,00 R563 890,00 R907 681,00 R72 760,00 

Tsantsabane LM 1711 R855 500,00 R530 410,00 R853 789,00 R68 440,00 

Kgatelopele LM 570 R285 000,00 R176 700,00 R284 430,00 R22 800,00 

  10400 R5 200 000,00 R3 224 000,00 R5 189 600,00 R416 000,00 

Local Municipality 

No. Ind. 

Households  

Paraffin Stove 

Cost 

Paraffin 

Stove/month 

Bio Mass Stove 

Cost Solar Stove Cost 

Mier former LM //Khara 

Hais former 
3492 

R2 095 200,00 R698 400,00 R2 091 708,00 R5 238 000,00 

Kai !Garib LM 2808 R1 684 800,00 R561 600,00 R1 681 992,00 R4 212 000,00 

!Kheis LM 1819 R1 091 400,00 R363 800,00 R1 089 581,00 R2 728 500,00 

Tsantsabane LM 1711 R1 026 600,00 R342 200,00 R1 024 889,00 R2 566 500,00 

Kgatelopele LM 570 R342 000,00 R114 000,00 R341 430,00 R855 000,00 

  10400 R6 240 000,00 R2 080 000,00 R6 229 600,00 R15 600 000,00 
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Table 6.4.6 (b) Domestic Fuel Burning Intervention Costs for ZDM 

Option 1 

LPG Cooking R228 800 000,00 

Solar Water Heating R58 677 080,40 

Solar lantern R315 500,00 

LPG Home Heating R81 040 500,00 

Total R368 833 080,40 

      

Option 2 

Solar Cooking R15 600 000,00 

Solar Water Heating R58 677 080,40 

Solar lantern R315 500,00 

LPG Home Heating R81 040 500,00 

Total R155 633 080,40 

   

Option 3 

Electricity Cooking and Lighting R41 184 000,00 

Solar Water Heating  R58 677 080,40 

LPG Home Heating R81 040 500,00 

Total R180 901 580,40 

   

Option 4 

Solar Cooking R15 600 000,00 

Electricity Water Heating and Lighting R46 510 200,00 

LPG Home Heating R81 040 500,00 

Total R143 150 700,00 

 

Mines in ZDM 

The ZF-Mgcawu area has a mining road network for the ranges 10KM for the 10-year CBA 

period which is the sum of the establishment cost and maintenance of the road which totals 

R6 971 259 and R27 885 000 for the 40KM strength mining road network. It should be noted 

that this area has a low number of small scale mining activities. 
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Table 6.4.6 (c) Cost of Treating Mine Roads in ZDM 

Mine 

Size Raw material tonnage/p.a 

No. 

Mines Width (m) 

Est. (10 

km)@R3 

Re-appl. 

(10km)@R0.125 Est. (40 km)@R3 

Re-appl. 

(40km)@R0.125 

0                                10 000  11 13 R4 290 000,00 R2 681 250,00 R17 160 000,00 R10 725 000,00 

1                              100 000  0 13 R0,00 R0,00 R0,00 R0,00 

2                           1 000 000  0 13 R0,00 R0,00 R0,00 R0,00 

3                        10 000 000  0 23 R0,00 R0,00 R0,00 R0,00 

4                      100 000 000  0 23 R0,00 R0,00 R0,00 R0,00 

7              100 000 000 000  0 26 R0,00 R0,00 R0,00 R0,00 

8           1 000 000 000 000  0 26 R0,00 R0,00 R0,00 R0,00 

9        10 000 000 000 000  0 26 R0,00 R0,00 R0,00 R0,00 

    11   R4 290 000,00 R2 681 250,00 R17 160 000,00 R10 725 000,00 

      Total Cost (10 yrs) R6 971 250,00 R27 885 000,00 

 

Industry  

The ZDM area does not have significant industries that were considered in the study. 

6.4.7 MAJOR SOURCES OF UNCERTAINTY 

The following major sources of uncertainty were identified for the abatement costs 

calculations: 

 Activity data on the cost of technologies across the emitting sectors; 

 Operation and capital costs; 

 Discount rate of technologies; and 

 Technology efficiencies. 
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CHAPTER SEVEN 

7 COMPARISON OF COSTS AND BENEFITS 

7.1 MONETISED COST BENEFITS OF INTERVENTIONS 

WITHIN VTAPA 

Table 7.1.1 VTAPA Future Scenario Interventions 

Interventions Total 10 yr Benefit from 
Associated Emission Source 

Total 10 yr Intervention 
Cost 

Domestic fuel burning  
(Electrical cooking and lighting, LPG 
space heating and Solar Water 
Heating- Option 3) 

R11 650 000,00 R597 509 566,32 

Mines Haul Road  
(Treatment for dust - 10Km) 

R1 050 200 000,00 R20 816 250,00 

- Industry Abatement DSI 
option  

(DSI, fabric filters and Low NOx 
Burners)  

OR 

R4 600 000,00 R9 959 213 332,69 

- Industry Abatement FGD 
option 

(Wet FGD, fabric filters and Low NOx 
Burners) 

R4 600 000,00 R17 392 051 546,13 

Vehicle emission 
R1 090 100 000,00 N/A  

TOTAL All Interventions  
(Industry DSI option) 

R2 156 550 000,00 R18 685 526 231,27 

TOTAL All Interventions  
(Industry FGD option) 

R2 156 550 000,00 R10 577 539 149,01 
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Table 7.1.2 VTAPA Emitting sectors contribution to mortality and morbidity with 

possible benefits that can be realised (10 years result) 

AREA 

EMITTING SECTORS 
 

MORTALITY BENEFITS MORBIDITY BENEFITS 

No. of 
Cases 

Potential 
Mortality 
Benefits 
Realised 
(Rand 
Millions) 

No. of 
Cases 

Potential 
Morbidity 
Benefits Realised 
(Rand Millions) 

VTAPA 

Domestic Fuel 
Burning  

10 9,55 181 2,10 

Mine roads 970 922,60 4 683 127,60 

Industry  3 2,80 149 1,80 

Vehicles 1 000 951,10 5 224 139,00 

SUB-TOTAL 1 983 1 886 10 237 271 

 

Cost/Benefit ratios for individual interventions are provided in Table 7.1.3 for VTAPA.  

Table 7.1.3 Cost/Benefit Ratios for Various Interventions within VTAPA  

AREA 
EMITTING 
SECTORS 

TOTAL 
BENEFITS (Rand 
Millions) 

TOTAL COST 
(Rand Millions) 

B/C RATIO 

VTAPA 

Domestic Fuel 
Burning  

11,65 597,51 0,02 

Mine roads 1 050,20 20,82 50,45 

Industry (DSI 
option) 

4,60 9 959 0,0001 

Vehicles 1 090,10 N/A N/A 

SUB-TOTAL 2 157 10 578 0,20 

N/A Not applicable, as vehicle technology advancements require cleaner fuels and cleaner vehicles (Euro 5 specifications) with 

no alternatives or options by 2030. Not a discretionary cost; though health benefits do arise. 

The results of the cost benefit analysis for the Future scenario shows that the benefit to society 

equates to twenty (20) cents for every Rand invested on interventions to reduce air pollution 

within VTAPA over 10 years. Cost/Benefit ratios for individual interventions are provided in 

Table 7.1.3 for VTAPA. The treatment of mine roads for dust suppression results is a large 

50-Rand benefit for every Rand invested in dust suppression. 
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Table 7.1.4 Emitting sectors contribution to mortality and morbidity with possible 

benefits that can be realised within VTAPA (10 years result) 

 

The vehicle sector is the highest contributor to both mortality and morbidity within VTAPA and 

as a result, the greatest potential benefits can be derived from interventions target at this 

source. However, for the purpose of this study no interventions targeted at the vehicle sector 

alone were considered as it was assumed that the cost of improving fuel quality and by 

inference reducing vehicle tailpipe emissions would be borne by the petroleum refining sector 

(and by new car buyers that have no choice but to buy Euro 5 specification vehicles towards 

2030, hence not costed). In essence, this means that the benefits of mortality and morbidity 

derived from vehicle emissions are realised through interventions targeted at industry which 

in itself has its own benefits for mortality and morbidity thus doubling the effectiveness of such 

measures. At the same time, industry interventions have the lowest Benefit/Cost ratio of all 

interventions considered i.e. Table 7.1.4 whilst also having the lowest contribution to mortality 

and morbidity of all emitting sources within VTAPA, whereas mine interventions have the 

highest. This implies that mine interventions would be more effective in realising of all the 

interventions considered. Figure 7.1.1 illustrates this point.  
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Figure 7.1.1 Benefit/Cost ratios for various interventions within VTAPA 

7.2 MONETISED COST BENEFITS OF INTERVENTIONS WITHIN HPA  

Table 7.2.1 HPA Future Scenario Interventions 

Interventions  

Total 10 yr Benefit from 
Associated Emission 

Source Total 10 yr Intervention Cost 

Domestic fuel burning Interventions  R11 650 000,00 R5 289 039 104,08 

Mines Haul Road Interventions R1 050 200 000,00 R150 491 250,00 

Industry Abatement Interventions 
(With DSI) R4 600 000,00 R44 570 046 011,88 

Industry Abatement Interventions 
(With FGD) R4 600 000,00 R115 614 863 508,82 

Vehicle emission Interventions R1 090 100 000,00 N/A  

All  Interventions (With DSI) R2 156 550 000,00 R50 009 576 365,96 

All  Interventions (With FGD) R2 156 550 000,00 R121 054 393 862,90 
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Table 7.2.2 Emitting sectors contribution to mortality and morbidity with possible 

benefits that can be realised within HPA (10 years result) 

AREA EMITTING SECTORS 

MORTALITY BENEFITS MORBIDITY BENEFITS 

No. of 
Cases 

Potential 
Mortality 
Benefits 
Realised 
(Rand 
Millions) 

No. of 
Cases 

Potential 
Morbidity 
Benefits 
Realised (Rand 
Millions) 

HPA 

Domestic Fuel 
Burning  

93 88,40 669 10,50 

Mine roads 
11 468 10907,00 47 103 1294,60 

Industry  
2 077 1975,00 14 045 319,90 

Vehicles 
1 033 982,50 5 595 146,00 

SUB-TOTAL 
14 671 13 953 67 412 1 771 

 

Table 7.2.3 Cost/Benefit Ratios for Various Interventions within HPA 

AREA EMITTING SECTORS 
TOTAL BENEFITS 

(Rand Millions) 
TOTAL COST 

(Rand Millions) 
B/C 

RATIO 

HPA 

Domestic Fuel Burning  98,98 5 289,04 0,02 

Mine roads 12 201,56 150,49 81,08 

Industry (DSI option) 2 294,89 44 570.00 0,05 

Vehicles 1 128,37 N/A N/A 

SUB-TOTAL 15 724 50 010 0,31 

 

The results of the cost benefit analysis for the Future scenario shows that the benefit to society 

equates to thirty-one (31) cents for every Rand invested on interventions to reduce air pollution 

within HPA. Cost/Benefit ratios for individual interventions are provided in Table 7.2.3 for HPA.  
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Table 7.2.4 Emitting sectors contribution to mortality and morbidity with possible 

benefits that can be realised within HPA (10 years result) 

 

Cost/benefit Ratios for the interventions (Basic electrification, Mine Road Dust Suppression 

and Industry abatement) is less than what was observed within VTAPA. However, Table 7.2.4 

indicates that Cost/benefit ratios for the Mine interventions is the highest with mines being the 

greatest contributor to mortality and morbidity. This suggest that mine intervention will be the 

most cost effective whilst ensuring the maximum benefits from mortality and morbidity once 

achieved.  
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Figure 7.2.1 Benefit/Cost ratios for various Interventions within HPA 

 

7.3 MONETISED COST BENEFITS OF INTERVENTIONS 

WITHIN WDM  

Table 7.3.1 WDM Future Scenario Interventions 

Interventions  
Total 10 yr Benefit from 

Associated Emission Source Total 10 yr Intervention Cost 

Domestic fuel burning Interventions  R800 000,00 R837 772 868,08 

Mines Haul Road Interventions R11 190 000,00 R43 777 500,00 

Industry Abatement Interventions 
(With DSI) R760 000,00 R22 714 920 751,15 

Industry Abatement Interventions 
(With FGD) R760 000,00 R98 438 229 166,67 

Vehicle emission Interventions R3 650 000,00 -N/A  

All  Interventions (With DSI) R16 000 000,00 R24 202 754 340,37 

All  Interventions (With FGD) R16 000 000,00 R99 926 062 755,89 
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Table 7.3.2: WDM Future Scenario - Cost benefit net result (10 years)  

AREA EMITTING 
SECTORS 

MORTALITY BENEFITS MORBIDITY BENEFITS 

No. of 
Cases 

Potential 
Mortality 
Benefits 

Realised (Rand 
Millions) 

No. of 
Cases 

Potential 
Morbidity 

Benefits Realised 
(Rand Millions) 

WDM  Domestic Fuel 
Burning  

0 0,04 2 0,04 

Mine roads 11 10,10 40 1,09 

Industry (DSI 
option) 

0 0,00 99 0,76 

Vehicles 3 3,20 17 0,45 

SUB-TOTAL 14 13 158 2 

 

The results of the cost benefit analysis for the Future scenario shows that the benefit to society 

equates to less than once cent for every Rand invested on interventions to reduce air pollution 

within the WDM. Cost/Benefit ratios for individual interventions are provided in Table 7.3.3 for 

WDM.  

Table 7.3.3: Cost/Benefit Ratios for Various Interventions within WDM 

AREA EMITTING SECTORS 
TOTAL 

BENEFITS (Rand 
Millions) 

TOTAL COST 
(Rand Millions) 

B/C RATIO 

WDM 

Domestic Fuel Burning  0,08 837,77 0,00 

Mine roads 11,19 43,78 0,26 

Industry (DSI option) 0,76 23 321 0,00 

Vehicles 3,65 N/A N/A 

SUB-TOTAL 16 24 203 0,0006 
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Table 7.3.4: Emitting sectors contribution to mortality and morbidity with possible 

benefits that can be realised within WDM (10 years result) 

 

Table 7.3.5 Indicates that the health impact reduction from vehicles provide the largest cost 

benefit; however, considering the number of cases involved, the benefit is negligible. 

 

Figure 7.3.1 Benefit/Cost ratios for various Interventions within the WDM  
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7.4 MONETISED COST BENEFITS OF INTERVENTIONS 

WITHIN CPT 

Table 7.4.1 CPT Future Scenario Interventions 

Interventions  
Total 10 yr Benefit from 

Associated Emission Source Total 10 yr Intervention Cost 

Domestic fuel burning Interventions  R41 734 265,82 R3 102 800 729,84 

Mines Haul Road Interventions R16 053 173,16 R27 105 000,00 

Industry Abatement Interventions 
(With LNB and FF Only ) R6 541 657,36 R421 280 987,71 

Vehicle emission Interventions R25 564 688,96 -N/A  

All  Interventions  R89 893 785,30 R3 551 186 717,55 
 

Table 7.4.2 CPT Future Scenario - Cost benefit net result (10 years) 

AREA   
No. of 
Cases 

Potential 
Mortality 
Benefits 
Realised 

(Rand 
Millions) 

No. of 
Cases 

Potential 
Morbidity 
Benefits 
Realised 

(Rand 
Millions) 

CPT 

Domestic Fuel 
Burning  

4 37,00 811 22 

Mine roads 1 11,40 280 8 

Industry (FF and 
LNB) 

0 1,90 40 1 

Vehicles 2 20,90 475 13 

SUB-TOTAL 8 71 1 606 44 

 

The results of the cost benefit analysis for the Future scenario shows that the benefit to society 

equates to three (3) cent for every Rand invested on interventions to reduce air pollution within 

CPT. Cost/Benefit ratios for individual interventions are provided in the Table below for CPT.  
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Table 7.4.3 Cost/Benefit Ratios for Various Interventions within CPT 

AREA EMITTING SECTORS 

TOTAL 

BENEFITS 

(Rand 

Millions) 

TOTAL COST 

(Rand Millions) 
B/C RATIO 

CPT 

Domestic Fuel 

Burning  R59 100 000,00 R3 102 800 729,84 
0,12 

Mine roads R18 990 000,00 R27 105 000,00 0,70 

Industry R2 970 000,00 R421 280 987,71 0,02 

Vehicles R33 830 000,00 N/A N/A 

SUB-TOTAL R115 000 000,00 R3 551 186 717,55 0,03 

 

Table 7.4.4 Emitting sectors contribution to mortality and morbidity with possible 

benefits that can be realised within CPT (10 years) 

 

Figure 7.4.1 Benefit/Cost Ratios for Various Interventions within CPT 
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7.5 MONETISED COST BENEFITS OF INTERVENTIONS WITHIN ETK 

The cost benefit results for the ETK area is presented in the following Tables. 

 Table 7.5.1 ETK Future Scenario Interventions 

Interventions  

Total 10 yr Benefit 
from Associated 
Emission Source 

Total 10 yr Intervention 
Cost 

Domestic fuel burning Interventions  R12 030 000,00 R1 413 904 455,12 

Mines Haul Road Interventions R8 970 000,00 R8 872 500,00 

Industry Abatement Interventions (With DSI) R41 910 000,00 R1 774 791 018,79 

Industry Abatement Interventions (With FGD) R41 910 000,00 R3 321 875 000,00 

Vehicle emission Interventions R84 180 000,00 N/A 

All  Interventions (With DSI) R147 000 000,00 R3 867 550 604,51 

All  Interventions (With FGD) R147 000 000,00 R5 414 634 585,72 
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Table 7.5.2 ETK Base-case Scenario - Cost benefit net result per annum 

AREA 

EMITTING 
SECTORS 

  

MORTALITY BENEFITS MORBIDITY BENEFITS 

 No. of 
Cases 

Potential 
Mortality 
Benefits 
Realised 
(Rand 
Millions) 

No. of Cases 

Potential 
Morbidity 
Benefits 
Realised 
(Rand 
Millions) 

ETK 

Domestic Fuel 
Burning  

1 
9,51 

22 2,52 

Mine roads 1 7,98 1 0,99 

Industry (DSI 
option) 

3 
30,91 

105 11,00 

Vehicles 8 74,47 34 9,71 

SUB-TOTAL 13 123 162 24 

 

The results of the cost benefit analysis for the Future scenario shows that the benefit to society 

equates to about three (3) cents for every Rand invested on interventions to reduce air 

pollution within ETK. Cost/Benefit ratios for individual interventions are provided in Table 7.5.3 

for ETK.  

Table 7.5.3 Cost/Benefit Ratios for Various Interventions within ETK  

AREA EMITTING SECTORS 
TOTAL BENEFITS 

(Rand Millions) 
TOTAL COST 

(Rand Millions) 
B/C 

RATIO 

ETK 

Domestic Fuel Burning  12,04 1 413,90 0,01 

Mine roads 8,97 8,87 1,01 

Industry (DSI option) 41,91 2 445 0,01 

Vehicles 84,18 N/A N/A 

SUB-TOTAL 147 3 868 0,038 
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Table 7.5.4 Emitting sectors contribution to mortality and morbidity with possible 

benefits that can be realised within ETK (10 years) 

 

 

 

Figure 7.5.1 Benefit/Cost Ratios for Various Interventions within ETK   
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7.6 MONETISED COST FOR ALL AREAS 

 

Figure 7.6.1 Cost/Benefit Ratios for All the Study Areas considered.  

The Benefit Cost ratios for VTAPA and HPA are highest, while CPT and ETK areas show the 

second highest values as expected (Fig. 7.6.1); with the biggest benefit achieved in the HPA 

region (R0.32 Benefit per Rand Cost invested).  

7.7 ALTERNATIVE SCENARIOS 

In this section, we explore various options available to reduce air pollution and the impact 

these options have on the benefit-to-cost ratio.  This then gives us an idea of the degrees of 

freedom available to maximise health benefits whilst choosing the optimum suite of air 

pollution reduction interventions.  As an example, the VTAPA was taken to demonstrate 

options that are derived for the base case scenario and the results are presented in the 

following Table.  
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Table 7.7.1 Alternative Scenarios - Cost benefit net result (VTAPA example only) 

Scenario 

name 

Key features of the scenario Overall Cost 

Implications (Rand) 

Cleaner Fuel 

Households 

(CFHs)  

- Cost structure remains the same across all 

three areas; 

- Change mostly affecting the Household fuel 

burning category; 

- Electricity cooking replaced by LPG Cooking; 

- Electricity lighting replaced by solar lantern. 

R 3 868 330 451.28 

CFHs + Fully 

Dust 

Suppressed 

Roads 

(CFHs-

DSRs) 

- Same as CFHs above; 

- Stretch dust suppression of mine roads to the 

full extent (40 kms) 

R 3 930 779 201.28 

Cleaner 

Fuels and 

Electrified 

Households 

(CFEs) 

- Solar cooking; 

- Electricity water heating and lighting 

- LPG home heating 

- Base case scenario for Mines and Industry 

R 3 069 044 644.96 

Residential 

and Mining 

Offset 

scheme 

(RMO)  

- Base case residential fuel burning 

interventions implemented through an offset 

scheme by Industry 

- Stretch dust suppression of mine roads to the 

full extent (40 kms) through an offset-scheme 

paid for by industry 

- Industry interventions substituted by Industry 

committing to an offset scheme targeting 

residential and mining emitting sectors 

R 680 774 566.32 

RMO- No 

FGD 

- Same assumptions as in RMO scenario 

above 

- Eskom led Offset scheme 

- Fabric filter intervention by other industries 

R 1 991 103 213.78 
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The results from the analysis of all these scenarios are presented in figure 7.7.1 for VTAPA.  

The RMO scenario yields the best benefit to cost ratio of R3.17 benefit for every rand invested 

in air pollution interventions. The scenario has the lowest implementation costs (R 680 million).  

As indicated before, these might well be a conservative estimate as co-benefits associated 

with indoor air quality are not analysed.        

 

Figure 7.7.1 Cost-benefit analysis results for all the VTAPA implementation scenarios 

The RMO no-FGD scenario surpasses the CBA equilibrium line at R1.08 benefit for every rand 

invested in air pollution interventions. Similarly, the RMO scenarios far surpasses the CBA 

equilibrium point with 3.16 benefit for every rand spend. All other scenarios fall below the CBA 

equilibrium line due to high industry costs for implementation of abatement technologies 

(mainly FGD and fabric filters for SO2 and PM10). Figure 7.7.1 clearly shows that close to 50% 

of mortality cases are caused by PM10 and SO2 emissions from mining activities and residential 

fuel burning.  The other half of mortality cases is caused by industrial and vehicle emissions. 

Therefore, all the scenarios presented in this study will reduce the number of mortality cases 

by 50% with the RMO no FGD scenario being the most cost-effective scenario to achieve this 

air quality burden of disease objective. 
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CHAPTER EIGHT 

8 CONCLUSIONS AND RECOMMENDATIONS 

The purpose of the Cost Benefit Analyses was to compare the cost of abatement of major 

emission sources, to the benefit that can be accrued from a societal health perspective for the 

major polluted areas in South Africa.  

The results of this cost-benefit analysis show that a net benefit is plausible in the VTAPA, HPA 

and ETK areas which are also the most polluted regions. The feasibility of the cost benefit 

differs widely by area and for each pollution source as presented in the results chapter. For all 

areas studied and for all sources included in the inventory, the highest Cost Benefit to society 

was obtained in VTAPA twenty (20) cents for every Rand invested), and HPA (31 cents); 

followed by ETK (four cents) and CPT (three cents) on interventions to reduce air pollution.  

Although the financial benefit appears modest, the societal impact of pollution is also 

important. Since the CBA methodology is a strictly economic approach to model the costs and 

benefits with resultant boundary limitations, the results were also presented to indicate the 

number of people affected by mortality and morbidity. For all areas over the 10 year study 

period, a total of 16 689 of people are affected by mortalities and 81 032 receive hospitalization 

due to air pollution if emissions are not reduced; which excludes the social knock-on effects 

to family and society.  

For most areas studied, the major pollution source categories were from vehicles and mines 

due to their proximity to human settlements. Other sources of pollution such as industries were 

typically located downwind from societies. Vehicles and mines do not have the option relocate 

due to where the resources are located and used.  

Dust is the main source of pollution that has been identified in this study with significant health 

and cost impacts. This study focuses on mining road dust as the main source of dust 

generated during mining. Treatment of mining roads for dust suppression would result in a 

49% reduction in mortality cases and 48% of morbidity cases in some areas. It is 

recommended that the dust suppression on the mining road network is prioritised as this will 

result in a significant reduction in mortality and morbidity outcomes.  

Any modelling study is highly dependent on the boundaries set for the study. For example, 

reducing domestic fuel burning will result in co-benefits associated with indoor air pollution, 

which are likely to overshadow the CBA results in significance. Hence, it is recommended that 

a supplementary study is conducted to assess the socio-economic impacts of reducing indoor 

air pollution and the extent to which the cleaner fuel interventions presented in this study helps 
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to reduce health outcomes associated with indoor air pollution. In addition, the benefit to 

extended families and wider society when reduced mortality and morbidity is achieved, can 

be studied further.       

Further scenarios were analysed to optimise the cost benefit outcome in Chapter 7. The result 

indicates the potential value of introducing an off-set scheme targeting the implementation of 

interventions in the residential and mining sectors. In addition, the extended use of FGD 

should be reconsidered, considering the capital and operational costs involved. Both such 

scenarios can result in reduction of close to 50% of mortality cases in some areas. Other 

alternative scenarios considered were not economically feasible due to high capital costs of 

abatement infrastructure needed in the industrial and residential sectors.   

The burden of disease assessment performed in this study clearly points to a number of 

limitations as follows: 

 The need to develop country-specific relative risk factors for PM2.5 and SO2 related 

health outcomes. Such an assessment must also develop relative risk factors for 

indoor air pollution; 

 Collection of uncertainty estimates as part of data collection for critical data such as 

health outcomes, population and relative risk factors; and 

 Review of the PM2.5/PM10 ratio for all areas of interest; including from Mining activities. 

This parameter has a significant impact in quantifying the exposure of populations to 

PM2.5. 
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