ESTABLISHING AN ENVIRONMENTAL PROFILE OF
WATER SUPPLY IN SOUTH AFRICA

Alan C. Brent

Resource Based Sustainable Development, NaturaluRess and the Environment,
CSIR

Chair of Life Cycle Engineering, Department of Emegring and Technology
Management, University of Pretoria

URL: http://www.up.ac.zallce
E-mail; alan.brent@up.ac.za

ABSTRACT

The life cycle impact assessment (LCIA) phase of life cycle assessments (L CAS) 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 LCls, and is
incorporated in LCIA procedures as direct extraction from available resour ces. However, the
environmental burdens associated with water supply extend beyond extraction and includes
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 dectricity dependency of the studied life cycle system. However, a
number of data gaps were identified and recommendations are made to improve such future
L CA studiesin the South African context.
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1 GENERAL INFORMATION

International life cycle assessment (LCA) literatundicates that little data are available pertgjnio potable water
production and supply, in particular with respeot the environmental burdens generated within thstesy.
Furthermore, compared to most developed countriesevthe LCA procedure has been applied on wastersg, i.e.
Europe [1], the total environmental burdens assediaith potable water supply are ill understoothi® South African
context due to dissimilar infrastructure that sssaziated with the limited water supply. In additto the environmental
impacts that are directly related to the infraduie, e.g. water losses, the data of the auxiligngcesses to the
infrastructure are also deficient in South Afrieag. process-specific data of electricity generaiod supply, waste
management, etc. Consequently, the inaccessibiligufficient life cycle inventory (LCI) databasks South African
LCA practitioners and researchers has been nofe®@§2ticularly, the LCIs of the three operatiopalameters that are
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usually measured in the South African manufactunimtystry for cleaner production purposes [3], maestdeveloped
further: water usage, energy usage, and waste geddeer manufactured or supplied item.

2. OBJECTIVESOF THISRESEARCH PROJECT

In general the project summarised in this paper[died to study the environmental life cycles ofgbte water supply
systems for industrial usage in South Africa. Thgrehe following could be achieved:

. The existing LCI databases in South Africa coulddegeloped and expanded, which address the neddsabf
LCA practitioners and researchers.

. Environmental improvements of potable water suggbtems could be identified.

. The benefits of conducting LCAs as an environmentahagement tool could be demonstrated for thehSout

African manufacturing industry.

The study subsequently compiled detailed LCI détth® supply of potable water, which include alhstituents that
interact between the technosphere and natur@xieaction of resources and emissions to resouacesthen conducted
a life cycle impact assessment (LCIA) of the coegiLCl in order to ascertain the overall potengalironmental

burdens associated with the supply of potable water

Based on the abovementioned study, the specifiectibgs of this paper are to:

. Identify key environmental aspects that should tesered where water is used in the manufactsgogor of
South Africa.

. Identify possible shortcomings (for further resédrim the LCA tool and associated methodologiesmités
applied for decision-support in the South Africaamafacturing industry.

3. RESEARCH METHODOLOGY

A case study was used as basis to realise theajexims of the research, i.e. the supply of potalater to the Rosslyn
industrial zone north of the capital Pretoria ie tfrshwane municipality. The reason for choosingstecific industrial

zone was that the automotive manufacturing industg been rapidly expanding there [5], and the renmental

impacts coupled to water usage had been questioribi$ industry sector [3].

The study closely followed the four phases as Kitpd in the international standard for conducti@As, which have
been described in detail elsewhere [6, 7]:

. Goal and scope definition, which describes theiaepfibn or specific interest, and indicates thgeagroup. A
detailed description of the system to be studieiddkided, providing a clear delimitation of scoperiods and
system boundaries.

. LCI analysis, which quantifies the environmentakyevant inputs and outputs of the studied systeich is
essentially a mass and energy balance of eachoursithaller, process within the larger system. 8@ provided
a general framework for the inventory analysis (IBMD41).

. LCIA, which quantifies the environmental impact @atial of the inventory data.

. Life cycle assessment and interpretation (LCAI) angrovement analysis, whereby options are idesttifand
evaluated to reduce the environmental impactseobtadied system.

The four phases of the LCA study are describecktailed a report [4].

4. THEWATER SUPPLY LIFE CYCLE SYSTEM CASE STUDY

The life cycle system that was studied is the sppplpotable water to the Rosslyn industrial zoyeRand Water
(2004) and the Tshwane municipality. The main pniicesses that are included in the supply systersuanmarised in
the schematic diagram of Fig. 1.

Untreated water from the Vaal River enters the waterks at the Zuikerbosch purification facilitie®d primary
pumping stations. The sludge generated in theipatibn of raw water at the Zuikerbosch facilitytieated at a sludge
disposal site (Panfontein). The treated water és thoosted to secondary pumping stations. Withetdp the treated
water that is finally supplied to the Rosslyn intias zone, this is the Palmiet booster at anwaltt of roughly 1 435 m
a.m.s.| (above mean sea level). and approximatlym from Zuikerbosch. The potable water is themped through
pipelines to the Klipriviersberg group of resergoand storage tanks at the highest level of 1 7% ms.l. At the



reservoirs the pressure is broken and water istgted, i.e. no power is used, to Rosslyn, whichscones in the region
of 7 Mt/d at an elevation of 1 260 m a.m.s.l.
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Fig 1. Simplified initial process flow diagram for the water supply system.

The LCA study considered the supply of potable waii¢h typical operations on an annual basis of Rend Water
network in the Gauteng Province only. As far as passible, all the LCI data were related to 20@Rri&s. The input
and output inventory of the life cycle system, utthg monthly consumption of land, water, energg araterials, as
well as soil, water and air emissions, were deriveth onsite investigations at the present (2003G04) Rand Water
facilities. The data were therefore collected dyriechnical visits to several selected plants (®aefn, Zuikerbosch,
etc.) and from annual reports. With respect to gatéaining to the reservoirs, the Tshwane muniitipe database was
used. Other necessary data were gathered frormatienal literature where direct data were not iolatale or

transparent and calculated to the daily statigicg. losses through leaks or evaporation) of tteah production and
supply system of potable water.

In addition to the main and sub-unit processesdhatrequired in the direct value chain of the fedpwater, auxiliary
processes are required. These are, but not lirrotetie following:

. Energy inputs, in the form of electricity and fuehich must be generated or produced separatetyasigociated
environmental impacts, and raw energy materiads,a@al that are required for boilers, etc.

. The manufacturing of chemical materials that amguired in the life cycle system, e.g. chlorine daisthe
chlorination phase of the purification step.

. Specific energy and material requirements duringoatmal operations, e.g. when maintenance on any uni
process is required.



. Construction material for the capital equipmenthia life cycle system.

. Transportation within or between unit processes, ®il or road transport of required materialpimg of the
supplied water, etc.

Therefore, by considering all of the important ypribcesses, the overall environmental burdens edupl the life cycle
system may be calculated. For this LCA study [4] tklative mass energy economic (RMEE) method veasl o

determine which unit processes should (initiallg) ibcluded in the boundaries of the studies lifeleysystem [8, 9].
Following typical LCA approaches a functional unit 1Mt/d of potable water supplied at Rosslyn at the igual
stipulated in Rand Water guidelines and suitabieirfdustrial use, e.g. in a brewery, was used thvhll results are
reported.

4.1 Thelimitations of thisLCA case study
The limitations of the LCA case study are specifjcaoted as follows:

. The study focused on the Rand Water network omigl,iamay therefore be problematic to relate theiits to
other water supply systems in South Africa or elww.

. Confidentiality issues limited the availability oértain site-specific data, or reduced the accuohdye data with
respect to true environmental performances of tfierdnt industrial processes. In terms of theelatthere is a
general reluctance by South African companies @wide input data for LCA studies [10]. The LCI datathe
electricity generation and fuel production processespecially, are limited in the South African teom.
Similarly, information about chemicals that are dig®e water supply system was not easily obtainétoe the
manufacturers due to technical and internal reastinere data from literature were used, it was rassuthat
similar processes are used in the production apglgsystem of potable water.

. The collection of data is the most time-consumiag 0 an LCA and involves a great deal to obteamsparent
and representative information about the many m®E® in a production system [11]. Consequentlye-tim
constraints reduce the completeness of the LCl data

4.2 Further data gaps and assumptions

It is believed that gaps and omissions in the itmgndata in LCAs are inevitable to some degree aad in the future.
LCAs cannot cover all issues or every part of carpindustrial systems and, therefore, LCAs will ay& be
incomplete in some way [12]. The following data gapthe LCI are noted:

. The electricity that is consumed for the productma supply system of potable water is primarilgegated and
supplied by one utility in South Africa, i.e. EskoBata on the electricity production lacked infotioa, such as
trace elements emitted when burning coal and theptete list of inputs in the production of elecityic

. There was no exact data on the land usage withiif shwane reservoir system.

. Data on the output flows of potable water from Ti#awane reservoir system were not available anchaon
through calculation had to be used. This aspecéposajor problems on water loss calculations. Rerlife
cycle system, it was assumed that the differentwemn the raw water inflow and supplied water owtfis lost
through either emissions (leaks) or accidentaksds such as spills.

. Chemical inputs for water purification were estiethind included in the inventory with data gapshenramount
of chlorines used at the booster stations.

. Emissions to water and air at the booster statiaisto be estimated because of the lack of infoomat
The following assumptions were further made witspet to the LCI and the goal and scope definjioase:

. It was assumed that the Rand Water network supaliexf the water that is consumed in the Rosshgustrial
zone, i.e. only the routes that lead to Rosslynstiial area were accountable in the inventoryystud

. The potable water pumped to Palmiet is blended Bitkerbosch and Vereeniging. In this study, it wasumed
that Zuikerbosch plays a major role in this procéss raw water from Vaal Dam is processed at @diksch
only; and input and output flows of the Vereenigimgrification and pumping station were subsequendy
accountable in this study.

. The input and output flows of the raw water exfi@ctunit process were assumed to be of minor impattie
current study.

. The sludge disposal site can be described as aajdawedfill site.



. Any transportation requirements, e.g. for the symgdlchemicals, occur via road (40t trucks) and shppliers
are within a 50km range of the applicable unit pssc

4.3 Reating data and data aggregation

The quantitative input and output data that weriiabd for the different unit processes were cameeeaccording to
the functional unit of the overall life cycle systei.e. 1 M/d of potable water. For example, the £€missions
released by the electricity generation and suppliyprocess is reported per MJ of electricity sigxpl Thereafter, with
relation to the functional unit, the amount of £&nissions associated with electricity is repopted Mt/d of potable

water supplied to the Rosslyn industrial area.

Constituent Value Unit Comment
% Raw water 1.292| Mt Obtained from Vaal River
s Recovered water 0.019| M¢ Obtained from Panfontein
g %’ Chemicals 0.209] t See Table 7 of the detailed report
g @ § Electricity 937.3| MJ See Appendix A of the detailed report
£ g Land use 5466 | m>a See Appendix A of the detailed report
e Fuel 0.389] ¢ See Appendix A of the detailed report
=0
Q C
IS (]
25
?i; % «» | Treated and pumped water 1.283| Mt Pumped up to the booster stations
§ =| 3 | Solidliquid waste 0.021| Mt Sent to Panfontein landfill site
‘§ g Emergency discharges 0.027| M¢ Emergency discharge into water sources
= Dust fall out 0.667| g See Appendix A of the detailed report
E
Potable water received 1.270| Mt See Fig. 2
@ | Chemicals used 0.005] t See Table 7 of the detailed report
§_ Electricity 2923 | MJ See Appendix A of the detailed report
é — | Fuel 0.478| ¢ See Appendix A of the detailed report
% Land use 12.76 | m? See Appendix A of the detailed report
g
g | o
@ 2 | Potable water pumped 1.265| Me/d See Fig. 2 - pumped up to reservoirs
g Dust fall out 0.025| g See Appendix A of the detailed report
2 £ 2 | Received potable water 1.250| Mt/d See Fig. 2
$ 3 §‘ Land use 178.1| m? See Appendix A of the detailed report
&
S ®
G
5%
> = ﬂ
% § §_ Supplied potable water 1.0 | Me/d Supplied directly to Rossyn industrial
x @ 8 areain the Tshwane municipal district

Table 1. Overall inventory for life cycle system with relation to the functional unit.

Data aggregation leads to the presentation of itaeniory table, which is the collection of values &ll input and
outputs for all unit processes involved in a sysf&@]. For this LCI, the overall inventory tablersists of three main

parts (see Table 1):




. Water purification and pumping, including the waseatment and disposal stage;
. Boosting system; and
. Reservoir storage and gravitational system.

The quantitative inputs and outputs of the eleityrigeneration and supply are not reported sepgratethe overall
inventory table. As the electricity unit processnisluded in the system boundaries of the LCI, ¢heputs and outputs
can be obtained from the electricity required (a1 in Table 1) and through a linear manipulattbmthe data in the
detailed WRC report [4]. The water losses that o@ang the supply system, and which translatefhéoinflow and
outflow values of Table 1, are summarised in Fig. 2

Sensitivity analyses were applied in the intergiretaphase of the LCA to evaluate the uncertairitthe LCI data and
to determine how changes in key parameters infli¢gime LCIA results [13]. The completeness and cbescies of the
LCI data were also established. These life cycdesmment interpretations (LCAIs) are describedhéndetailed report

[4].

9.041 M ¢/d
Zuikerbosch and Panfontein sub- Total raw and recovered water = 2326 M{/d
system Total pumped water = 2310 M{/d
Calculated losses = 0.7%
8.978 M t/d

Pipe losses = + 1.2% per 100 km
Assumed distance is 100 km

v 8.887 M t/d
Palmiet booster station sub-

0.2% losses [20]

— A =

system
8.856 M t/d
Pipe losses = £ 1.2% per 100 km
Assumed distance is 50 km
vy 8750 Mt/d
Tshwane reservoir and Total water bought from Rand Water = + 420 M{/d
gravitation sub-system Total supplied to Rosslyn = 1.667% or 7 Mi/d
7 Unaccounted for water (UAW) = 20%
l 7.000 M /d

Fig 2. Water loss assumptions and calculated values.
5. RESULTS: ENVIRONMENTAL LCIA

5.1 TheLCIA methodology that was applied

A LCIA methodology that was developed for Southiédr[3, 14, 15] was applied in the LCA study. Thé ¢alculation
procedure of the LCIA methodology is described &tail elsewhere [14, 15], but in essence a disttowtarget
approach is used for the normalisation of midp@nvironmental impact categories, which focuses han ambient
quality and quantity objectives for four resourceups: air, water, land and mined abiotic resourtée quality and



guantity objectives are determined for defined Bad\ftican Life Cycle Assessment (SALCA) Regionsg($eg. 3) and
take into account endpoint or damage targets. Woitpthe precautionary approach, a resource impdatator (RII) is
calculated for the resource groups.
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Fig. 3. SALCA Regionsgrouped from primary water catchments

The calculation of a RIl for the water use (WU) Bop category is used as an example. The entireyifée system,
including auxiliaries, extracts 1.294 tMobf water from various natural sources per funclounit. All of the LCI
constituents that contribute to this impact catggane converted to a singular unit of equivaleriee, kg of water
reserves, by multiplying each constituent valuénwit appropriate characterisation value. A valug k§/ is used for
all water use LCI constituents, and the total cti@rsed result for the WU impact category is thene1.294x10kg of
water reserves. The characterised result is themaiised, to compare its significance with othelsRusing current and
target water quantities that were determined fraailable and projected annual water balances, waiehbased on
maximum surface and groundwater yields, human aodystem consumption, and the transfer of waterves from
other catchments (inside and outside South Africajhe stipulated SALCA Regions [16, 17], and ected for the
population in that region. In the case of SALCA Reg4 the current (1996) value was 2562%1@nd the projected
target value (2030) 550x46, with a population of just over 3 million (in 96). The final RIl value is then calculated
by dividing the characterisation result with theget value per person (normalisation) and thenipiyihg the result
with a significance factor, i.e. current value detl by the target value, which is a value of 38¥%.adding the RII
value for the WU impact category to the RIl valfiesthe other water-related impact categories, werall Rl value
can be determined for the impact of the entiredifele system on water resources per functional uni

5.2 LCIA profile analyses

The LCIA results, when applying the Resource Impadicator (RIl) method to the baseline LCI ‘snapSh(see

Appendix C of the detailed report; [4]) are sumisadi in Fig. 4 and Table 2. The LCIA results areregul for SALCA

Region 4, where the water is extracted and mogheinain unit processes are located; SALCA Regiontiere the

Rosslyn industrial area is located; and for SoufiticA as a whole. The normalised environmentalifg®ffor each of
the main resource groups are shown separatelygirbRb 8. Furthermore, contribution analyses tesale summarised
in Table 3 in terms of:

. The most important impact categories in terms otrdoutions (of more than 1%) to the calculated Wilues for
the four main resource groups;

. The most important inventory flows or constitueintserms of contributions (of more than 1%) to thspective
impact categories; and



. The associated unit processes, i.e. the unit psesethat contribute to more than 99% of the inwgnfiow
values.
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Fig. 4. Calculated RlIsfor SALCA Regions 3, 4 and South Africa asawhole.

Resource I mpact . Characterisation Unit® Nor malisat_ion Nor malisat_ion
group category value (SALCA Region 4) (South Africa)
WU 1.294x10° kg water reserves 3.346x10 8.42410"
EP 2.726x10" kg PQ? eq. 3.10%10° 4.49%10°
rgoitrecr o AP 9.810x10" kg H,SO, eq. 1.581x10° 6.13010"
HTP 7.523%10" kg Pb eq. 7.95410° 2.005¢10°
ATP 1.71410*" kg Pb eq. 1.812%102 4.567%10°
AP 5.997%10° kg SQ eq. 1.263%102 3.26%10°
ocCP 2.28510" kg O; eq. 3.65%10° 9.18%10°
Air resources ODP 4.570x10° kg CFC-11 eq. 1.203%10™2 5.76%10"
GWP 9.105¢10° kg CQ, eq. 2.29810%° 1.100x10"
HTP 1.984x10° kg Pb eq. 3.89810* 1.03%10*
AP 9.810<10" kg H:SO, eq. 1.581x10° 6.130x10*
HTP 2.805<10" kg Pb eq. 1.32%10" 6.360x10°
Land resources TTP 7.566¢10° kg Pb eq. 3.58410° 1.716<10°
oLu 4.463%10° m?.a near natural 2.599%10? 1.76510"
TLU 3.44x%10° m? non-natural 1.2910* 5.83410*
Mined abictic MD 9.26x10° kg Pt eq. 5.197%10* 5.19%10"
resour ces ED 5.46%10* kg coal eq. 1.96810° 1.96&10°
a The definitions of the midpoint impact categores: WU (Water Use); EP (Eutrophication Potentialp (Acidification Potential); HTP

(Human Toxicity Potential); (Aquatic Toxicity Potial); OCP (Ozone Creation Potential); ODP (OzomgplBtion Potential); GWP (Global
Warming Potential); TTP (Terrestrial Toxicity Potat); OLU (Occupied Land Usage); TLU (Transformednd Usage); MD (Mineral
Depletion); Energy Depletion).

b Refer to the detailed description of the RII LGifocedure (Brent, 2003; Brent, 2004).
Table 2. LCIA resultsfor the baseline LCI snapshot.
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MD — Mineral Depletion; ED — Energy Depletion

6. DISCUSSION

With respect to the overall environmental profitee impacts on water resources are by far the nmogortant
consideration, i.e. the impacts on water resoueresat least a factor of 40 compared to the impantshe other
resource groups. However, the total impact on wasources is not only attributable to water extioac The release of
toxic substances by the life cycle system, andiipakty the generation of the required electricity the LCA system,
may also be important with respect to the ToxiBibtential impact categories, i.e. up to 20% forSiA¢. CA Region 4.



Depending on the water availability in the specé#italysed region, water extraction is accountabieaf least two-
thirds of the total impact on water resources,SALCA Region 3, and at least three-quarters for SALRegion 4. It

must be noted that considerable water losses oé tham 20% is associated with the baseline LCI. ¢l@r, by even
removing all of these losses, the impact on théahla quantity of water resources would still bereithan double that
of water quality impacts, if SALCA Region 4 is takas the reference ambient environment, and cagshbauch as
twenty-five times as important as the water qualitpacts if the whole of South Africa is taken aference region.

% % . Unit process % .
RII group I 223 contribution | LCI constituent cont_rlbutlon in LCA coul A
category toRII group® to |mpaclt) system to !_CI .
category constituent
wu 80.75 Water: River 99.83 Water extraction 100.00
(97.67)
Arsenic (a) 6.72 Electricity 99.99
Water Benzene (a) 1.35 Electricity 99.90
HTP 19.20 Chromium (a) 79.74 Electricity 99.98
(2.33) HF (a) 4.87 Electricity 99.93
Lead (s) 2.99 FeCk 97.41
PAA 2.36
96.73 HCI (a) 6.41 Electricity 99.93
AP NO, as NQ (a) 24.03 Electricity 97.37
(96.67) SQ, as SQ (a) 68.70 Electricity 97.89
Arsenic (a) 6.69 Electricity 99.98
Air Benzene (a) 1.34 Electricity 99.90
2.99 Chromium (a) 79.53 Electricity 99.98
HTP (3.06) HF (a) 4.84 Electricity 99.93
Lead (s) 2.97 FeCk 97.41
PAA 2.36
93.83 Industrialised 95.57 Treatmertt 99.84
oLy (99.33) Urbanised 4.43 Reservoirs 100.00
Land 571 NO, as NQ (a) 2.27 Electricity 97.37
AP (0.34) SO as SQ (a) 97.05 Electricity 97.89
Coal 97.49 Electricity 99.80
Natural gas 1.35 Electricity 74.78
Ammonia 20.94
Mined 100.00 . Chlori-n(-e 1.20
S ED Qil 1.16 Electricity 37.50
abiotic (100.00) _
Ammonia 27.87
Fuel 28.14
Chlorine 5.09
Diesel 1.38
a Only impact categories that contribute more thnto the respective resource groups are showneiteble; values without parentheses are
normalised with SALCA Region 4 factors and valuéhwarentheses are normalised with South Africantdrs.
b Only LCI constituents that contribute more thaf tb the respect impact categories are shown.
c Only unit processes in the LCA system that cbnte more than 1% to the respective LCI constitiant shown.
d Land occupied as existing extremely industrialiseurbanised land (Brent, 2003; Brent, 2004).
e Includes water purification, treatment and wastposal.

Table 3. Contribution analyses of the Rl profilesfor the entirelife cycle system per functional unit.



After water resources the impacts on land resouatesthe most important for the life cycle systétowever, the

impact on land resources is at least four timesetothan the impacts on water quality. Of all theoawt categories
classified to land resources, the occupation al lairectly by the water purification and wasteatreent, boosting and
reservoirs supply system, is the main contribut@this impact category.

In general the impacts on air resources are the-thost important, although the Acidification Pdtah(for air) may be
in the same order of magnitude compared to landeusé5SALCA Region 4 is used as reference regidre fieleases of
atmospheric emissions that contribute to the Aigidifon Potential impact category, due the genenatif the required
electricity, contribute the most to the impactsaimresources, i.e. at least 97%. Similar to wegsources the release of
certain substances may also be of importance frdoxéity Potential perspective.

The impacts of the water supply system on the diepleof non-renewable minerals and energy are densd
insignificant.

7. CONCLUSIONSAND RECOMMENDATIONS

The environmental burdens associated with wateplgupxtend beyond extraction from nature and inelutn-

renewable energy use, materials use, land usepahdion of air, soil, and water resources. Th8A_study, based on
the standardised 1SO 14040 methodology, was coesélguindertaken to assess the environmental bardssociated
with water supply to an industrial area. The stadgpiled a comprehensive LCI of water supply tpectfic industrial

area, i.e. Rosslyn, north of the capital Pretanighe Tshwane municipality. An introduced LCIA frawork for South

Africa was used to determine the extent of diffemvironmental impacts.

Based on the interpretation of the LCIA [4] it isncluded that the actual extraction of the watemfithe ambient
environment is in fact the most important consitiera The toxicity potential impacts on water resmas, mainly due to
the required electricity for the water supply systare of secondary importance. However, the exiktite impact due
to water extraction is not accurately reported he tvater use category of the LCIA profile, due be tack of
appropriate categorisation factors. For examplehiam water quality may be influenced by the redurctof water
quantities. Similarly, the uncertainty of the appliLCIA method and the resultant indicator profiles not included in
the interpretation of the LCA study and is assutoeflect a worst-case scenario as reportederglitire [18].

The impacts of the required chemicals of the weagapply system, i.e. ammonia, chlorine, ferric cidery
polyacrylamide, etc. are of low importance. Aldwg tequired non-renewable energy resources to phenpater from
the Vaal River to the reservoir system of the Tslevaetropolitan area are of minor importance.

From these outcomes the following main LCA recomdaions are made:

. In order to improve the environmental performantéhe water supply system, water-losses must beesded
foremost. Especially within the management domaithe municipality, data are not monitored and rded to
identify the current large problematic areas. Tleetecity usage is also of importance, albeit tesser extent,
and it is the boosting stage where this energytiigprimarily required. Therefore, more efficient, possible
alternative energy sources may be considered i®ptrt of the life cycle system.

. The LCIA method must be developed further for SoAfhica, especially in terms of impacts on Water
Resources. In this respect characterisation fastwwsld be developed and/or adapted for South @fiecg. for
Water Usage, Acidification Potential, Toxicity Pot@l and Salinisation Potential categories [19]. 20
Furthermore, normalisation factors for these caiegomust be established by a larger South Afrifcaous
group, which represent the different environmesté#nces’ disciplines, and with international papétion.
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