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Introduction

Environmental legislation has become more
stringent in compelling metallurgical organi-
zations to take responsibility for the impacts of
their activities on the environment. This
responsibility is erected from a cradle-to-grave

perspective, i.e. over the entire-life cycle of
their operations1. It has further been suggested
that if a proposed project may cause environ-
mental harm, the total cost of damages needs
to be included in the economic appraisal of the
project2. Therefore, economic analyses carried
out to ascertain the viability of projects in the
metallurgical sector should also take into
account all the costs and benefits generated by
the projects, including positive or negative
environmental impacts, from commissioning,
through the operational life cycle phases, to
decommissioning2. Other researchers have
argued that in the past the environmental
impacts of projects were not considered as part
of economic assessment practices, making
projects appear artificially more attractive than
they were. Some of the reasons for not
incorporating externality costs in the economic
assessments of projects included a lack of
appropriate methodologies to set a value on
either the effects3 or the environmental issues
viewed as a constraint on business4. 

Published research relevant to the South
African metallurgical industry that deals with
environmental monetary valuation is limited.
Most studies dealing with environmental
valuation issues have been conducted in
developed countries for other sectors, e.g. the
energy sector in the European Union5. The
study summarized in this paper6 set out to
answer the research question: can a monetary
valuation approach that has been developed
for the manufacturing sector7,8 be applied in
the metallurgical sector? The objective was to
identify potential environmental indicators and
consider their monetary valuation in a South
African context.
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Synopsis

Consideration of the economic, environmental, and social impacts
associated with the life-cycle of a technology is of increasing
importance for decision-making in industry. It has been suggested
that economic assessment of technology deployment projects
requires the translation of associated environmental effects into
monetary values. This paper introduces an approach for identifying
and evaluating environmental damage in monetary terms. The
approach groups the environmental impacts associated with a
technology life-cycle system into four main criteria: air, water, land,
and mined abiotic resources. The valuation of the impacts on the
resources consists of an economic cost benefit analysis (CBA)
procedure that comprises four steps: the compiling of an impact
inventory, a monetary valuation of the inventory, discounting, and
a risk/uncertainty analysis. The monetary valuation step for
impacts on air resources is primarily based on published externality
costs for Europe and the United States, which are adopted and
converted to reflect the South African context. Local opportunity
costs are utilized for the other resource criteria. The damage costs
are transformed into South African Rand at 2005 prices. The paper
demonstrates how the approach may be applied in the assessment
of projects in the metallurgical industry. Shortcomings in the
approach are identified. For example, not all of the aspects that are
considered necessary to assess environmental performances
comprehensively can be valued in monetary terms. Also, certain
values, specifically those pertaining to opportunity costs, need to be
determined on a case-by-case basis. Furthermore, the uncertainties
associated with the indicators obtained may strongly influence the
usability of the results of an environmental performance
assessment, e.g. future damage costs will change with fluctuations
in the markets. It is concluded that although such an approach has
merit in increasing the understanding of the potential financial
implications of a technology’s environmental performance, further
research is required to improve the approach described if it is to be
used further in the South African metallurgical industry. Damage
cost estimates that are specific to South Africa need to be developed
to reduce uncertainty, and the combination of both quantitative and
qualitative approaches is recommended for comprehensive sustain-
ability decision-making. 
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Defining appropriate environmental criteria and
indicators

A number of integrated frameworks and proposed criteria to
assess the sustainability of a deployed technology have been
reviewed in the literature9. The environmental impacts
associated with a technology life-cycle system have been
grouped into the four main criteria of air, water, land, and
mined abiotic or non-renewable resources7,8,9,10 (see Table I).

A method has subsequently been developed for the
manufacturing sector7,8, and specifically for technology
management purposes10, to calculate the impacts in monetary
terms as quantitative indicators. The monetary valuation
method, based on the economic cost benefit analysis (CBA)
procedure11,12, is summarized in Table II and described in the
sections below.

Method to determine monetary values of impacts for
South Africa

Published externality monetary values for Europe and the
United States were adopted and converted to reflect the South
African context3,7,8,10. In the case of environmental impacts
on a global scale, e.g. the release of gases that contribute to
climate change, no adjustments to published values are
required for South Africa. For local and regional impacts, the
following assumptions were made: 

➤ Damage costs to health vary in direct proportion to
income13;

➤ Damage costs to crops vary with market prices3; and 

➤ Damage costs to buildings are reflected in restoration
costs10. 

On the basis of these assumptions, a relationship for damage
transfers across space was suggested13,14, and modified to
cater for transfer across time using consumer price indices
(CPI) provided by Statistics South Africa, according to
Equation [1]15:

[1]

Where: CSA = Unit cost in South Africa.
CEU/US = Unit cost in European Union / United 

States.
PPP = Purchasing Power Parity Index.
� = GDP/capita or Price Level Index.
CPI = Consumer Price Index.
� = Income elasticity.

An income elasticity (�) of between 0.3 and 1.1 has been
cited for goods that could reduce risk to life16. In order to
ensure conservative benefit estimates for South Africa, an
income elasticity of 1.0 was assumed for the main resource
criterion.

Impacts of air pollution

Table III summarizes the atmospheric pollution damage cost
estimates that were identified14,17. These were transformed
into a South African unit of ‘ZAR/kg pollutant at 2005
prices’.

▲
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Table I

Environmental criteria and definitions
Criteria Definition
Environmental sustainability The environmental dimension concerns an organization’s impacts on the environment due to an introduced technology. 

It has an external focus and addresses impacts on air, water, land and mined abiotic resources.
Air resources Air resources assess a technology’s contribution to regional air quality effects (e.g. visibility, smell and noise levels) as 

well as to global effects such as global warming and stratospheric ozone depletion.
Water resources Water resources assess the availability of clean and safe water by focusing on a technology’s impacts on the quantity 

and quality of water.
Land resources Land resources assess the impacts a technology has on the quantity and quality of land resources, including aspects 

such as biodiversity, erosion, transformation and rehabilitation ability.
Mined abiotic resources Mined abiotic resources assess a technology’s contribution to the depletion of non-renewable mineral and

energy resources.

Table II

Economic CBA procedure

Step Description
Step 1 Costs and benefits that are imposed by a company (as a by-product of its economic activity) on third parties are 
Inventory identified.
Step 2 Cost approaches: Cost approaches assess actual costs or hypothetical expenditures aimed at reducing or eliminating impacts.
Monetary valuation Benefit approaches: Benefit approaches, analyze how changes in environmental and social quality affect income or wealth 

generation in society. One technique that is used is to calculate the opportunity costs of preserving an asset, e.g. relocating 
an industrial plant to secure an ecologically sensitive area.

Step 3 Environmental damage present actions will occur many years from now. The higher the discount rate, the lower the
Discounting value that will be attached to these damages. The discount rate for externalities is strongly debated, and is addressed 

in the case study of this paper.
Step 4 Case probabilities can be assigned to the likelihood that an event (industrial accident) will occur, or little is known about 
Risk/Uncertainty future impacts. 
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Impacts on water resources
The Department of Water Affairs and Forestry18 regulates
effluents stringently. It was assumed that steady-state
releases to water resources are of minor importance in terms
of environmental costs. The only externality considered with
respect to water resources was the quantity of water used in
the evaluated system. This is expressed as the difference
between the price and the true opportunity cost of water, i.e.
the cost of depriving the next best user of the use of that
water3. The externality cost of water for all inland regions of
South Africa was estimated in 20026,19 to be R2.67/m3. 

Impacts on land resources
The consequences of land use are changes in biodiversity;
erosion; transformation; and rehabilitation ability9. The
damage costs associated with the occupation or use of land
were adopted from Constanza et al. (see Table IV)20.
Estimates of the economic costs of biodiversity loss for South
Africa were obtained by making adjustments to the adopted
values for regional differences in ecological sensitivity:

➤ Land pollution: It is assumed that solid waste is
managed according to the Department of Water Affairs
and Forestry guidelines21. The impact of land pollution
attributable to these types of operation is considered
negligible.

➤ Land rehabilitation: The Department of Minerals and
Energy of South Africa has drafted guidelines22 for
calculating closure and rehabilitation costs for mines
and processing plants; and these are adopted and used
in calculating closure and rehabilitation costs. 

Impacts on mined abiotic resources
Mangena and Brent23 have argued that the impact of the
minerals extraction sector on mined abiotic resources is
directly associated with the productivity of the sector. A
reduction in the impact on non-renewable resources would
therefore constitute a reduced economic contribution from the
sector. It is proposed to exclude the environmental costs of
the burden of the mineral extraction industry, which is highly
dependent on supportive mining activities, in terms of non-
renewable resource depletion.

Integrating the indicator externalities into technology
assessment

For the purpose of an economic evaluation that is performed
in the metallurgical sector, a cash flow analysis and
associated net present values (NPV) are normally calculated.
An expected project life of 20 years is often applied. Currently
there is no consensus on the discount rate for
externalities3,11,12, and to consider externalities in an
economic evaluation a sensitivity analysis on the discount
rate is subsequently suggested (see discussion below). The
total potential external costs are then deducted from the
projected cash flows. Figure 1 illustrates how damage costs
are integrated to the economic evaluation, which Brent 
et al.7,8 have described in detail. The application of the
approach for incorporating externalities into project financial
analyses is demonstrated by the case study below.

Case study in the minerals beneficiation industry

The case study is based on the production of steel in the
South African metallurgical industry6. Direct production of
steel from iron ore has an environmental impact on all
natural resources. The case study is intended to improve the
understanding of possible practical obstacles to the environ-
mental valuation approach. 
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Table III

Atmospheric damage cost estimates for South Africa in 2005 (adapted from Spadaro and Rabl17)
Domain Pollutant Impacts Costs, (€/kgpoll)a Converted costs,  (ZAR/kgpoll)b

Global CO2-eq Global warming 0.0246 0.221

Local and regional PM10 (primary) Mortality, morbidity 15.4 90.7

(Health) SO2 (primary) Crops, materials, mortality 0.3 1.77

SOx (via sulphates) Mortality, morbidity 9.95 58.6
NOx (primary) Mortality, morbidity small Small

NOx (via nitrates) Mortality, morbidity 15.7 92.4
NOx (via O3) Crops, mortality, morbidity 1.5 8.83
VOC (via O3) Crops, mortality, morbidity 0.9 5.3
CO (primary) Morbidity 0.002 0.0118

Local and regional SO2 Buildings 0.3 9.59

(Buildings and crops) NO2 Crops 0.35 11.5

VOC Crops 0.2 6.43

a The damage costs assume an average population density of 80 persons/km2, in 1995 prices.
b The damage costs converted to South African circumstances, in 2005 prices.

Table IV

Damage costs per hectare of selected land use
types (adapted from Constanza et al.20)

Type of Landa Value per hectare Value per hectare
(US$/ha/year), 1997 (ZAR/ha/year), 2005

Forests 302 1 022
Grass/rangelands 232 785
Wetlandsb 14 785 50 018
Lakes/riversb 8 498 28 749
Cropland 92 311

a The values of these specific land types are extremely regionally bound. 
b The high damage costs of these affected land types are due to the

scarcity of these natural assets in the specific regions where the study
was conducted.
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The functional unit
A functional unit is imperative for environmental life cycle
assessment (LCA) studies23. It provides the reference in
terms of all impacts are translated. For this study6, the
functional unit 1.0 tonne of steel produced was chosen. 

System boundaries 
The environmental impacts resulting from a deployed
technology can be attributed to two distinct life-cycles24: 

➤ Life-cycle of the technology or the physical asset; and
➤ Life -cycle of the product (or service) that arises from

the implemented technology or physical asset. 
Figure 2 illustrates the integration of these two life-cycles in
a technology for the process industry.

For the purposes of this case study, only the environ-
mental impacts associated with process or technology life-
cycle phases were considered. To simplify the undertaking,
the impacts resulting from resource provisioning, product
usage, phase-out and disposal were not assessed. (This type
of LCA is referred to as a gate-to-gate analysis)23.

Data gathering
Data sources included reports from pilot tests and mass
balance software calculations in the steel industry, personal
discussions with production personnel and other experts, the
findings published in the literature and project-specific
reference materials6.

Overview of monetary indicators for the case study
The monetary impact indicators for the three resource groups
(of Table I) considered applicable to the case study are
summarized in Table V6.

Environmental accounting
By applying the monetary indicators (Table V) the influence
of the externalities on the current project NPV was
determined (Table VI) for different discount rates for
externalities (Table II).

Discussion
The dimensions of negative impacts on the environment, if
accounted for in monetary terms, has a considerable

▲
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Figure 1—Schematic model for incorporating externalities into an economic analysis of a project (from Brent et al.7)

Figure 2—Life cycle phases of a deployed technology (from Brent et al.8)
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influence on the economic viability of the project. The
monetary evaluation approach identifies atmospheric
pollution as the greatest environmental impact associated
with the case study. Site rehabilitation costs are incurred, as
it is a Department of Minerals and Energy regulatory
requirement. Together with land use during the operational
life cycle phases, these account for the second highest
externality costs. Additionally, water is a scarce resource in
South Africa25; hence the externality cost of water usage is
also of significance. 

Externality costs are very sensitive to the discount rate
used for estimating the present value of future damage costs
applying to a long-term perspective. The choice of discount
rate is much debated in the literature3. Conway-Schempf26

argues that high discount rates, e.g. rates matching the cost
of capital, are inappropriate for promoting sustainable
development. The Department of Environmental Affairs and
Tourism27 recommends between 6%–10%28 for South Africa.
However, it has been proposed3,8,10 that for a country like

ours which has a mixture of First and Third World
conditions, a discount rate of 4% should be adopted. As no
clear recommendation exists on the appropriate environ-
mental discount rate for South Africa, several rates, ranging
from 1%–16%, were tested for sensitivity (see Figure 3). The
implication of lower discount rates is that higher net present
damage costs are obtained, owing to the greater weighting of
the present values of long-term impacts, and vice versa.

Figure 4 shows the influence of the discount rate on the
economic viability of a project: at a rate of 4% the project NPV
is just above break-even point, whereas at 8% the project
NPV is above R27 million. This underlines the importance of
the choice of discount rate for decision-makers, because it
can influence the long-term economic viability of a deployed
technology considerably. 

The monetary valuation procedure reveals three
limitations. Firstly, it is not possible to express the concept of
environmental sustainability in monetary terms in a compre-
hensive manner because not all of the aspects that are
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Table V

Damage costs of selected environmental indicators6

Main criteria Sub-criteria Indicator Cost (ZAR2005/tonne steel)

Air Local and Regional pollution Impacts on human health due to:
SO2 R4.60
NOx Negligible
PM10 R474.36

Photochemical ozone R86.02
Impacts on buildings due to:

SO2 R24.93
Impacts on crops (in R2005/kgpoll) due to:

Photochemical ozone R104.36
Global pollution Impacts (in R2005/kgpoll) due to 

Greenhouse Gases (equivalent CO2) R94.81
Water Water use Difference between opportunity costs 

and water price R1.60
Water pollution Remedy costs Negligible

Land Land use Opportunity costs for the total area affected R4.03a

Land pollution Remedy costs Negligible
Site rehabilitation Remedy costs R1.34b

a The production plant occupies 3 hectares of land.
b An operational life of 20 years at 100 000 tons per annum has been assumed.

Table VI

Environmental accounting results discounted at various rates for the case study
Step Year 2005 (ZAR) 2005 (ZAR) 2005 (ZAR) 2005 (ZAR)
1 Project NPV 105,483,405 105,483,405 105,483,405 105,483,405
2 External Costs 4% 8% 12% 15%

discount rate
3 Atmospheric Pollution (103,826,505) (77,892,279) (61,454,160) (53,150,245)
4 Water Use (226,426) (169,870) (134,020) (115,910)
5 Land Use (216,320) (162,288) (128,038) (110,737)
6 Site Rehabilitation (367,640) (172,828) (83,508) (50,170)
7 = 3+4+5+6 Total Environment (104,636,891) (78,397,965) (61,799,726) (53,427,063)

8 = 1-7 Actual Project NPV 846,514 27,085,440 43,683,678 52,056,542
Year when positive cash Year 2016 Year 2022 OK OK

flows is experienced
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considered relevant to assess environmental performances
can be measured quantitatively. Secondly, values used by the
different indicators, specifically those pertaining to
opportunity costs, have to be evaluated on a case-by-case
basis. Thirdly, the uncertainties associated with the
indicators obtained may strongly influence the usability of
the results of an environmental performance assessment, e.g.
future damage costs will change with fluctuations in the
markets. The European Union’s ExternE project5 attempted to
handle uncertainty on the basis of geometric standard
deviations5. The project yielded a wide spread of values that
should be taken into account when applying the environ-
mental indicators (see Table VII). 

Conclusions

This paper introduces a modified environmental valuation
approach for the conversion of potential external impacts into
monetary values for the appraisal of a technology deployment
project in the metallurgical sector. For the sector three main
environmental criteria are proposed for which environmental
cost indicators are identified, i.e. emission cost indicators
(SOx, NOx, PM10, CO and CO2, and VOC) and opportunity cost
indicators (land and water resources usage). Monetary values

are placed on the selected indicators by translating into the
South African context damage costs which have been
proposed in other countries. A case study in the metallurgical
sector is used to demonstrate the application of this
procedure. Certain limitations are pinpointed through the case
study. It is concluded that although such an approach has
merit in increasing the understanding of the potential
financial implications of a technology’s environmental
performance, further research is required to improve the
approach if it is to be used in the South African metallurgical
industry. The following recommendations are suggested:

➤ Further damage cost estimates specific to South Africa
need to be developed. As discussed, the uncertainty of
data is considered the main problem for using the
outcome of the monetary valuation procedure in
decision-making. 

➤ A combined quantitative and qualitative valuation of
environmental indicators is proposed. Damage costs for
some selected environmental indicators, e.g. damage to
land resources, are not fully reflected by monetary
valuation. Further qualitative analyses may be
necessary, possibly by integrating monetary valuation
outcomes with multi-criteria decision-analysis
techniques.

▲

668 OCTOBER  2007       VOLUME 107       REFEREED PAPER The Journal of The Southern African Institute of Mining and Metallurgy

Table VII

Damage costs confidence intervals for the case study (adapted from ExternE5)

68% Confidence Interval
Receptors Indicator Minimum Maximum Geometric Factor Use

ZAR2005/tonne steel ZAR2005/tonne steel

Human Health SO2 22.35 162.92 Total geometric standard
NOx 34.23 249.54 deviation, factor 2.7
PM10 33.58 244.77
CO 0.0044 0.0318

VOC 1.96 14.30
Buildings SO2 2.82 32.59 Factor 3.4a

Crops VOC 1.89 21.85 Factor 3.4
Crops NO2 3.37 39.01 Factor 3.4
Global CO2 0.0886 0.5535 Factor 2.5b

Water resources Water use 0.47 5.44 Factor 3.4
Land resources Land use 1.19 13.70 Factor 3.4

a Economic valuation geometric standard deviation.
b Global warming geometric standard deviation.

Figure 3—Effect of discount rate on present value of damages
associated with the case study Figure 4—Effect of discount rate on the net present value of damages

associated with the case study
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