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Abstract

Environmental life cycle assessment (LCA) is an environmental management tool, which is increasingly used for decision-
support in the South African manufacturing industry, e.g. for cleaner production purposes. The life cycle impact assessment 
(LCIA) phase of LCAs evaluates the potential environmental impact profiles of industrial activities throughout the life cycles 
of products and processes. The LCIA procedure is dependent on a comprehensive life cycle inventory (LCI) of the evaluated 
life cycle system. Water usage is included in LCIs, and is incorporated in LCIA procedures as direct extraction from available 
resources. However, the environmental burdens associated with water supply extend beyond extraction and include non-
renewable energy use, materials use, land use, and pollution of air, soil and water resources. A LCA study was subsequently 
undertaken to identify key environmental aspects that should be considered where water is used in the manufacturing sector 
of South Africa, and to identify possible shortcomings in the LCA tool. It is concluded that the extraction of the required water 
from nature to supply potable water is in fact the most important consideration, and water-losses in the supply system must 
receive attention, especially in the municipal-controlled part. Water quality impacts are also important, although through 
supporting processes, and specifically electricity generation. The boosting requirements attribute most to the electricity 
dependency of the studied life cycle system. However, a number of data gaps were identified and recommendations are made 
to improve such future LCA studies in South Africa.

Keywords: life cycle assessment, life cycle management, life cycle impact assessment, water supply, water use, 
South Africa

Introduction

The ISO 14000 family of standards aims to achieve standardisa-
tion in the field of environmental management (ISO, 2003) and 
is a response to an increasing need to incorporate environmen-
tal management systems (EMS) into existing business practices 
(Tibor and Feldman, 1996). Life cycle assessment (LCA) is 
included in the ISO 14000 series (ISO 14040) as a tool for envi-
ronmental management decision support (ISO, 2003). 
 LCA is a quantitative procedure to assess the environmental 
burdens associated with the life cycle of an activity (product, 
process, or service) (IISD, 1996). A complete life cycle (of a 
product) includes raw material extraction (including water), 
processing, transportation, manufacturing, distribution, use, 
reuse, maintenance, recycling, and final waste disposal (Consoli 
et al., 1993). The main objectives of decision makers to initiate a 
LCA study are to (Allen et al., 1997):
• Provide a profile (as complete as possible) of the interactions 

of an activity (product, process or service) with the environ-
ment

• Contribute to the understanding of the overall and independ-
ent nature of the environmental consequences of human 
activities 

• Provide decision makers with information, which quantifies 
the potential environmental impacts of activities and identi-
fies opportunities for environmental improvements.

Identified research problem and rationale

International LCA literature indicates that few data are avail-
able pertaining to potable water production and supply, in 
particular with respect to the environmental burdens gener-
ated within the system. Furthermore, compared to most devel-
oped countries where the LCA procedure has been applied 
on water systems, i.e. Europe (Raluy et al., 2005), the total 
environmental burdens associated with potable water supply 
are ill understood in the South African context due to dissimi-
lar infrastructure that are associated with the limited water  
supply. In addition to the environmental impacts that are 
directly related to the infrastructure, e.g. water losses, the 
data of the auxiliary processes to the infrastructure are also  
deficient in South Africa, e.g. process-specific data of electricity 
generation and supply, waste management, etc. Consequently, 
the inaccessibility to sufficient life cycle inventory (LCI) data-
bases for South African LCA practitioners and researchers has 
been noted (Brent et al., 2002). Particularly, the LCIs of the 
three operational parameters that are usually measured in the 
South African manufacturing industry for cleaner production 
purposes (Brent and Visser, 2005), must be developed further: 
water usage, energy usage, and waste produced per manufac-
tured or supplied item.  

Objectives of this research 

In general the project summarised in this paper (Brent and 
Landu, 2005) aimed to study the environmental life cycles 
of potable water supply systems for industrial usage in South 
Africa. Thereby, the following could be achieved:
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• The existing LCI databases in South Africa could 
be developed and expanded, which address the 
needs of local LCA practitioners and researchers

• Environmental improvements of potable water 
supply systems could be identified

• The benefits of conducting LCAs as an environ-
mental management tool could be demonstrated 
for the South African manufacturing industry.

The study subsequently compiled detailed LCI data of the sup-
ply of potable water, which include all constituents that inter-
act between the technosphere and nature, i.e. extraction of 
resources and emissions to resources, and then conducted a life 
cycle impact assessment (LCIA) of the compiled LCI in order to 
ascertain the overall potential environmental burdens associated 
with the supply of potable water.
 Based on the abovementioned study, the specific objectives 
of this paper are to:
• Identify key environmental aspects that should be consid-

ered where water is used in the manufacturing sector of 
South Africa

• Identify possible shortcomings (for further research) in the 
LCA tool and associated methodologies when it is applied 
for (water-related) decision-support in the South African 
manufacturing industry.

Research methodology

A case study was used as basis to realise the general aims of the 
research, i.e. the supply of potable water to the Rosslyn indus-
trial zone north of Pretoria in the Tshwane metropolitan area. 
The reason for choosing the Rosslyn industrial zone was that the 
automotive manufacturing industry had been rapidly expanding 
there (Venter, 2004), and the environmental impacts coupled to 
water usage had been questioned in this industry sector (Brent 
and Visser, 2005).
 The study closely followed the four phases (see Fig. 1) as 
stipulated in the international standard for conducting LCAs 
(ISO 14040) (SABS, 1998), which have been described in detail 
elsewhere (Neitzel, 1996; Guinée et al., 2001):
• Goal and scope definition, which describes the applica-

tion or specific interest, and indicates the target group. A 
detailed description of the system to be studied is included, 
providing a clear delimitation of scope, periods and system 
boundaries.

• LCI analysis, which quantifies the environmentally relevant 
inputs and outputs of the studied system, which is essen-
tially a mass and energy balance of each unit, or smaller, 

process within the larger system. ISO has provided a general 
framework for the inventory analysis (ISO 14041).

• LCIA, which quantifies the environmental impact potential 
of the inventory data. 

• Life cycle assessment and interpretation (LCAI) and 
improvement analysis, whereby options are identified 
and evaluated to reduce the environmental impacts of the  
studied system.

The four phases of the LCA study are described in detail in 
Brent and Landu, 2005.

The water supply life cycle system case study

The life cycle system that was studied is the supply of potable 
water to the Rosslyn industrial zone by Rand Water (2004) and 
the Tshwane Municipality. The main unit processes that are 
included in the supply system are summarised in the schematic 
diagram of Fig. 2.
 Untreated water from the Vaal River enters the water works 
at the Zuikerbosch purification facilities and primary pumping 
stations. The sludge generated in the purification of raw water at 
the Zuikerbosch facility is treated at the Panfontein sludge dis-
posal site. The treated water is then boosted to secondary pump-
ing stations. With respect to the treated water that is finally sup-
plied to the Rosslyn industrial zone, this is the Palmiet booster at 
an altitude of roughly 1 435 m a.m.s.l. and approximately 46 km 
from Zuikerbosch. The potable water is then pumped through 
pipelines to the Klipriviersberg group of reservoirs and storage 
tanks at the highest level of 1 795 m a.m.s.l. At the reservoirs the 
pressure is broken and water is gravitated, i.e. no power is used, 
to Rosslyn, which consumes in the region of 7 Mℓ/d at an eleva-
tion of 1 260 m a.m.s.l.  
 The LCA study considered the supply of potable water with 
typical operations on an annual basis of the Rand Water net-
work in the Gauteng Province only. As far as was possible, all 
the LCI data were related to 2002 figures. The input and output 
inventory of the life cycle system, including monthly consump-
tion of land, water, energy and materials, as well as soil, water 
and air emissions, were derived from on-site investigations at 
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Standardised phases of the LCA procedure 
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Figure 2
Simplified initial process flow diagram for the water supply system
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the present (2003 to 2004) Rand Water facilities. The data were 
therefore collected during technical visits to several selected 
plants (Panfontein, Zuikerbosch, etc.) and from annual reports. 
With respect to data pertaining to the reservoirs, the Tshwane 
Municipality’s database was used. Other necessary data were 
gathered from international literature where direct data were not 
obtainable or transparent and calculated to the daily statistics 
(e.g. losses through leaks or evaporation) of the actual produc-
tion and supply system of potable water.
 In addition to the main and sub-unit processes that are 
required in the direct value chain of the supplied water, auxiliary 
processes are required. These are, but not limited to, the follow-
ing:
• Energy inputs, in the form of electricity and fuel, which 

must be generated or produced separately with associated 
environmental impacts, and raw energy materials, e.g. coal, 
that are required for boilers, etc.

• The manufacturing of chemical materials that are required 
in the life cycle system, e.g. chlorine gas for the chlorination 
phase of the purification step

• Specific energy and material requirements during abnormal 
operations, e.g. when maintenance on any unit process is 
required

• Construction material for the capital equipment in the life 
cycle system

• Transportation within or between unit processes, e.g. rail or 
road transport of required materials, piping of the supplied 
water, etc.

Therefore, by considering all of the important unit processes, the 
overall environmental burdens coupled to the life cycle system 
may be calculated. For this LCA study (Brent and Landu, 2005) 
the relative mass energy economic (RMEE) method was used 
to determine which unit processes should (initially) be included 
in the boundaries of the studied life cycle system (Raynolds 
et al., 2000a; Raynolds et al., 2000b). Following typical LCA 
approaches (Raluy et al., 2005) a functional unit of 1 Mℓ/d of 
potable water supplied at Rosslyn at the quality stipulated in 
Rand Water guidelines  and suitable for industrial use, e.g. in a 
brewery, was used to which all results are reported. 

The limitations of this LCA case study

The limitations of the LCA case study are specifically noted as 
follows:
• The study focused on the Rand Water network only, and it 

may therefore be problematic to relate the results to other 
water supply systems in South Africa 

• Confidentiality issues limited the availability of certain 
site-specific data, or reduced the accuracy of the data with 
respect to true environmental performances of the different 
industrial processes. In terms of the latter, there is a gen-
eral reluctance by South African companies to provide input 
data for LCA studies (Friedrich and Buckley, 2002). The 
LCI data of the electricity generation and fuel production 
processes, especially, are limited to the South African con-
text. Similarly, information about chemicals that are used 
in water supply systems was not easily obtainable from the 
manufacturers due to technical and internal reasons. Where 
data from literature were used, it was assumed that similar 
processes are used in the production and supply system of 
potable water.

• The collection of data is the most time-consuming part in 
an LCA and involves a great deal to obtain transparent and 

representative information about the many processes in a 
production system (Jimenez-Gonzales et al., 2000). Con-
sequently, time-constraints reduce the completeness of the 
LCI data.

Further data gaps and assumptions

It is believed that gaps and omissions in the inventory data in 
LCAs are inevitable to some degree now and in the future. LCAs 
cannot cover all issues or every part of complex industrial sys-
tems and, therefore, LCAs will always be incomplete in some 
way (Owens, 1999). The following data gaps in the LCI are 
noted:
• Eskom (2005) generates the electricity that is consumed for 

the production and supply system of potable water. Data on 
the electricity production lacked information, such as trace 
elements emitted when burning coal and the complete list of 
inputs in the production of electricity.

• There were no exact data on the land usage within the 
Tshwane reservoir system. 

• Data on the output flows of potable water from the Tshwane 
reservoir system were not available and estimation through 
calculation had to be used. This aspect poses major problems 
on water loss calculations. For the life cycle system, it was 
assumed that the difference between the raw water inflow 
and supplied water outflow is lost through either emissions 
(leaks) or accidental releases such as spills.

• Chemical inputs for water purification were estimated and 
included in the inventory with data gaps on the amount of 
chlorine used at the booster stations.

• Emissions to water and air at the booster stations had to be 
estimated because of the lack of information.

The following assumptions were further made with respect to 
the LCI and the goal and scope definition phase:
• It was assumed that the Rand Water network supplies all of 

the water that is consumed in the Rosslyn industrial zone, 
i.e. only the routes that lead to the Rosslyn industrial area 
were accountable in the inventory study.

• The potable water pumped to Palmiet is blended with Zuik-
erbosch and Vereeniging. In this study, it was assumed 
that Zuikerbosch plays a major role in this process, i.e. raw 
water from Vaal Dam is processed at Zuikerbosch only; and 
input and output flows of the Vereeniging purification and 
pumping station were subsequently not accounted for in this 
study.

• The input and output flows of the raw water extraction unit 
process were assumed to be of minor impact in the current 
study.

• Panfontein’s core business is the disposal of water works 
sludge produced as a by-product of the water purification 
process at Rand Water’s Vereeniging and Zuikerbosch 
pumping stations. However, it was assumed that Panfontein 
receives water works sludge from Zuikerbosch pumping 
station only because Vereeniging is not part of the network 
system considered in this study.

• The disposal site on the Panfontein premises can be described 
as a general landfill site.

• For the energy consumption at Zuikerbosch plants, 6% is 
assigned to ZKB1, 12% to ZKB2, 35.6% to ZKB3, 44.8% to 
ZKB4&4b. It was assumed that every input at this life cycle 
stage can be multiplied according to this percentage.

• Any transportation requirements, e.g. for the supply of 
chemicals, occur via road (40 t trucks) and the suppliers are 
within a 50 km range of the applicable unit process. 
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sistencies of the LCI data were also established. These inter-
pretation analyses (LCAI) are described in detail in Brent and 
Landu, 2005.

Results: Environmental LCIA

The LCIA methodology that was applied

An LCIA methodology that was developed for South Africa 
(Brent, 2003; Brent, 2004; Brent and Visser, 2005) was applied 
in the LCA study. The RII calculation procedure of the LCIA 
methodology is described in detail elsewhere (Brent, 2003; 

Relating data and data aggregation

The quantitative input and output data that were obtained for the 
different unit processes were converted according to the func-
tional unit of the overall life cycle system, i.e. 1 Mℓ/d of potable 
water. For example, the CO2 emissions released by the electric-
ity generation and supply unit processes are reported per MJ of 
electricity supplied. Thereafter, with relation to the functional 
unit, the amount of CO2 emissions associated with electricity 
is reported per Mℓ/d of potable water supplied to the Rosslyn 
industrial area.  
 Data aggregation leads to the presentation of the inventory 
table, which is the collection of values for all input and outputs 
for all unit processes involved in a system (Friedrich and Buck-
ley, 2002). For this LCI, the overall inventory table consists of 
three main parts (see Table 1):
• Water purification and pumping, including the waste treat-

ment and disposal stage
• Boosting system
• Reservoir storage and gravitational system.

The quantitative inputs and outputs of the electricity generation 
and supply are not reported separately in the overall inventory 
table. As the electricity unit process is included in the system 
boundaries of the LCI, these inputs and outputs can be obtained 
form the electricity required (as shown in Table 1) and through 
a linear manipulation of the data in the detailed report by Brent 
and Landu, 2005. The water losses that occur along the supply 
system, and which translate to the inflow and outflow values of 
Table 1, are summarised in Fig. 3. 
 Sensitivity analyses were applied in the interpretation 
phase of the LCA to evaluate the uncertainty of the LCI data 
and to determine how changes in key parameters influence the 
LCIA results (Crettaz et al., 1999). The completeness and con-

TABLE 1
Overall inventory for life cycle system in relation to the functional unit
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Figure 3
Water loss assumptions and calculated values
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Brent, 2004), but in essence a distance-to-target approach is used 
for the normalisation of midpoint environmental impact catego-
ries, which focuses on the ambient quality and quantity objec-
tives for four resource groups: air, water, land and mined abiotic 
resources. The quality and quantity objectives are determined 
for defined South African Life Cycle Assessment (SALCA) 
Regions and take into account endpoint or damage targets. Fol-
lowing the precautionary approach, a resource impact indicator 
(RII) is calculated for the resource groups. 
 The calculation of a RII for the water use (WU) impact 
category is used as an example. The entire life cycle system, 
including auxiliaries, extracts 1.294 Mℓ of water from various 
natural sources per functional unit. All of the LCI constitu-
ents that contribute to this impact category are converted to 
a singular unit of equivalence, i.e. kg of water reserves, by 
multiplying each constituent value with an appropriate char-
acterisation value. A value of 1 kg/ℓ is used for all water use 
LCI constituents, and the total characterised result for the WU 
impact category is therefore 1.294×106 kg of water reserves. 

The characterised result is then normalised, to compare its 
significance with other RIIs, using current and target water 
quantities that were determined from available and projected 
annual water balances, which are based on maximum surface 
and groundwater yields, human and ecosystem consump-
tion, and the transfer of water reserves from other catchments 
(inside and outside South Africa), in the stipulated SALCA 
Regions (DEAT, 2000; Basson et al., 1997), and corrected for 
the population in that region. In the case of SALCA Region 
4 the current (1996) value was 2 562×106 t and the projected 
target value (2030) 550×106 t, with a population of just over 
3 million (in 1996). The final RII value is then calculated by 
dividing the characterisation result with the target value per 
person (normalisation) and then multiplying the result with 
a significance factor, i.e. current value divided by the target 
value, which is a value of 33.5. By adding the RII value for 
the WU impact category to the RII values for the other water-
related impact categories, an overall RII value can be deter-
mined for the impact of the entire life cycle system on water 
resources per functional unit.

LCIA profile analyses 

The LCIA results, when applying the Resource Impact Indica-
tor (RII) method to the baseline LCI ‘snapshot’ (see Appen-
dix C of Brent and Landu, 2005) are summarised in Fig. 4 and  
Table 2. The LCIA results are reported for SALCA Region 4, 
where the water is extracted and most of the main unit processes 
are located; SALCA Region 3, where the Rosslyn industrial 
area is located; and for South Africa as a whole. The normal-
ised environmental profiles for each of the main resource groups 
are shown separately in Figs. 5 to 8. Furthermore, contribution 
analyses results are summarised in Table 3 in terms of:
• The most important impact categories in terms of contribu-

tions (of more than 1%) to the calculated RII values for the 
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Figure 4
Calculated RIIs for SALCA Regions 3, 4 

and South Africa as a whole

TABLE 2
LCIA results for the baseline LCI snapshot

Resource group Impact 
categorya

Characterisation 
value

Unitb Normalisation 
(SALCA Region 4)

Normalisation 
(South Africa)

Water resources WU 1.294×106 kg water reserves 3.346×101 8.424×101

EP 2.726×10-1 kg PO4
3- eq. 3.103×10-5 4.492×10-6

AP 9.810×101 kg H2SO4 eq. 1.581×10-3 6.130×10-4

HTP 7.523×101 kg Pb eq. 7.954×100 2.005×100

ATP 1.714×10-1 kg Pb eq. 1.812×10-2 4.567×10-3

Air resources AP 5.997×100 kg SO2 eq. 1.263×10-2 3.267×10-3

OCP 2.285×10-1 kg O3 eq. 3.657×10-5 9.182×10-6

ODP 4.570×10-6 kg CFC-11 eq. 1.203×10-12 5.762×10-13

GWP 9.105×102 kg CO2 eq. 2.298×10-10 1.100×1010

HTP 1.984×100 kg Pb eq. 3.898×10-4 1.033×10-4

Land resources AP 9.810×101 kg H2SO4 eq. 1.581×10-3 6.130×10-4

HTP 2.805×10-1 kg Pb eq. 1.329×10-7 6.360×10-8

TTP 7.566×10-2 kg Pb eq. 3.584×10-8 1.716×10-8

OLU 4.463×103 m2.a near natural 2.599×10-2 1.765×10-1

TLU 3.442×100 m2 non-natural 1.292×10-4 5.834×10-4

Mined abiotic 
resources

MD 9.26×10-8 kg Pt eq. 5.197×10-13 5.197×10-13

ED 5.469×10-1 kg coal eq. 1.968×10-6 1.968×10-6

a The definitions of the midpoint impact categories are: WU (water use); EP (eutrophication potential); AP (acidification 
potential); HTP (human toxicity potential); (aquatic toxicity potential); OCP (ozone creation potential); ODP (ozone  
depletion potential); GWP (global warming potential); TTP (terrestrial toxicity potential); OLU (occupied land usage); 
TLU (transformed land usage); MD (mineral depletion); energy depletion).

b Refer to the detailed description of the RII LCIA procedure (Brent, 2003; Brent, 2004).
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four main resource groups
• The most important inventory flows or constituents in terms 

of contributions (of more than 1%) to the respective impact 
categories

• The associated unit processes, i.e. the unit processes that 
contribute to more than 99% of the inventory flow values.

Discussion

With respect to the overall environmental profile, the impacts 
on water resources are by far the most important consideration, 
i.e. the impacts on water resources are at least a factor of 40 
compared to the impacts on the other resource groups. However, 
the total impact on water resources is not only attributable to 
water extraction. The release of toxic substances by the life cycle 
system, and specifically the generation of the required electric-
ity for the LCA system, may also be important with respect to 
the toxicity potential impact categories, i.e. up to 20% for the 
SALCA Region 4.
 Depending on the water availability in the specific analysed 
region, water extraction is accountable for at least two-thirds of 
the total impact on water resources, for SALCA Region 3, and 
at least three-quarters for SALCA Region 4. It must be noted 
that considerable water losses of more than 20% is associated 
with the baseline LCI. However, by even removing all of these 
losses, the impact on the available quantity of water resources 
would still be more than double that of water quality impacts, 
if SALCA Region 4 is taken as the reference ambient environ-
ment, and can be as much as twenty-five times as important as 
the water quality impacts if the whole of South Africa is taken 
as reference region.

After water resources the impacts on land resources are the most 
important for the life cycle system. However, the impact on land 
resources is at least four times lower than the impacts on water 
quality. Of all the impact categories classified to land resources, 
the occupation of land, directly by the water purification and 
waste treatment, boosting and reservoirs supply system, is the 
main contribution to this impact category. 
 In general the impacts on air resources are the third-most 
important, although the acidification potential (for air) may be in 
the same order of magnitude compared to land usage if SALCA 
Region 4 is used as reference region. The releases of atmospheric 
emissions that contribute to the acidification potential impact 
category, due the generation of the required electricity, contrib-
ute the most to the impacts on air resources, i.e. at least 97%. 
Similar to water resources the release of certain substances may 
also be of importance from a toxicity potential perspective.
 The impacts of the water supply system on the depletion of 
non-renewable minerals and energy are considered insignifi-
cant. 

Conclusions and recommendations

The environmental burdens associated with water supply extend 
beyond extraction from nature and include non-renewable 
energy use, materials use, land use, and pollution of air, soil, 
and water resources. This LCA study, based on the standard-
ised ISO 14040 methodology, was consequently undertaken to 
assess the environmental burdens associated with water supply 
to an industrial area. The study compiled a comprehensive LCI 
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Figure 8
Mined abiotic RII profile for SALCA Regions 3, 4 

and South Africa as a whole

Figure 5
Water RII profile for SALCA Regions 3, 4 

and South Africa as a whole

Figure 6
Air RII profile for SALCA Regions 3, 4 

and South Africa as a whole

Figure 7
Land RII profile for SALCA Regions 3, 4 

and South Africa as a whole
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of water supply to a specific industrial area, i.e. Rosslyn, north 
of Pretoria in the City of Tshwane. An introduced LCIA frame-
work for South Africa was used to determine the extent of dif-
ferent environmental impacts. 
 Based on the interpretation of the LCIA (Brent and Landu, 
2005) it is concluded that the actual extraction of the water from 
the ambient environment is in fact the most important considera-
tion. The toxicity potential impacts on water resources, mainly 
due to the required electricity for the water supply system, are 
of secondary importance. However, the extent of the impact due 
to water extraction is not accurately reported in the water use 
category of the LCIA profile, due to the lack of appropriate cat-
egorisation factors. For example, ambient water quality may be 
influenced by the reduction of water quantities. Similarly, the 
uncertainty of the applied LCIA method and the resultant indi-
cator profile was not included in the interpretation of the LCA 
study and is assumed to reflect a worst-case scenario as reported 
in literature (Ross et al., 2002).
 The impacts of the required chemicals of the water supply 
system, i.e. ammonia, chlorine, ferric chloride, polyacrylamide, 

etc. are of low importance. Also, the required non-renewable 
energy resources to pump the water from the Vaal River to the 
reservoir system of the Tshwane metropolitan area are of minor 
importance.
 From these outcomes the following main LCA recommenda-
tions are made:
• In order to improve the environmental performance of the 

water supply system, water-losses must be addressed fore-
most. Especially within the management domain of the 
municipality, data are not monitored and recorded to iden-
tify the current large problematic areas. The electricity 
usage is also of importance, albeit to a lesser extent, and it 
is the boosting stage where this energy input is primarily 
required. Therefore, more efficient, or possible alternative 
energy sources may be considered for this part of the life 
cycle system.

• The LCIA method must be developed further for South 
Africa, especially in terms of impacts on water resources. 
In this respect characterisation factors should be developed 
and/or adapted for South Africa, e.g. for water usage, acidi-

TABLE 3
Contribution analyses of the RII profiles for the entire life cycle system per functional unit

RII group Impact 
category

% contribution 
to RII groupa

LCI constituent % contribution 
to impact 
categoryb

Unit process in 
LCA system

% contribution 
to LCI 
constituentc

Water WU 80.75
(97.67)

Water: River 99.83 Water extraction 100.00

HTP 19.20
(2.33)

Arsenic (a)
Benzene (a)
Chromium (a)
HF (a)
Lead (s)

6.72
1.35
79.74
4.87
2.99

Electricity
Electricity
Electricity
Electricity
FeCl3
PAA

99.99
99.90
99.98
99.93
97.41
2.36

Air AP 96.73
(96.67)

HCl (a)
NOx as NO2 (a)
SOx as SO2 (a)

6.41
24.03
68.70

Electricity
Electricity
Electricity

99.93
97.37
97.89

HTP 2.99
(3.06)

Arsenic (a)
Benzene (a)
Chromium (a)
HF (a)
Lead (s)

6.69
1.34
79.53
4.84
2.97

Electricity
Electricity
Electricity
Electricity
FeCl3
PAA

99.98
99.90
99.98
99.93
97.41
2.36

Land OLU 93.83
(99.33)

Industrialisedd

Urbanisedd
95.57
4.43

Treatmente

Reservoirs
99.84
100.00

AP 5.71
(0.34)

NOx as NO2 (a)
SOx as SO2 (a)

2.27
97.05

Electricity
Electricity

97.37
97.89

Mined 
abiotic

ED 100.00
(100.00)

Coal
Natural gas

Oil

97.49
1.35

1.16

Electricity
Electricity
Ammonia
Chlorine
Electricity
Ammonia
Fuel
Chlorine
Diesel

99.80
74.78
20.94
1.20
37.50
27.87
28.14
5.09
1.38

a Only impact categories that contribute more than 1% to the respective resource groups are shown in the table; values 
 without parentheses are normalised with SALCA Region 4 factors and values with parentheses are normalised with 
 South African factors.
b Only LCI constituents that contribute more than 1% to the respect impact categories are shown.
c Only unit processes in the LCA system that contribute more than 1% to the respective LCI constituents are shown.
d Land occupied as existing extremely industrialised or urbanised land (Brent, 2003; Brent, 2004).
e Includes water purification, treatment and waste disposal.
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fication potential, toxicity potential and salinisation poten-
tial categories (Leske and Buckley, 2004a; Leske and Buck-
ley, 2004b). Furthermore, normalisation factors for these 
categories must be established by a larger South African 
focus group, which represent the different environmental 
sciences’ disciplines, and with international participation.
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