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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 éectricity 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 wattems, i.e.
Europe [1], the total environmental burdens assediaith potable water supply are ill understoothie South African
context due to dissimilar infrastructure that essagiated with the limited water supply. In additio the environmental
impacts that are directly related to the infradtite, e.g. water losses, the data of the auxilingcesses to the
infrastructure are also deficient in South Afrieag. process-specific data of electricity generaod supply, waste
management, etc. Consequently, the inaccessibilisufficient life cycle inventory (LCI) databasks South African
LCA practitioners and researchers has been noleé®§2ticularly, the LClIs of the three operatiopatameters that are
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usually measured in the South African manufactuiimystry for cleaner production purposes [3], mustdeveloped
further: water usage, energy usage, and waste peddeer manufactured or supplied item.

2. OBJECTIVESOF THISRESEARCH PROJECT

In general the project summarised in this paper[died to study the environmental life cycles ofghte 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 détthe supply of potable water, which include alhsttuents that
interact between the technosphere and naturexiection of resources and emissions to resouaceisthen conducted
a life cycle impact assessment (LCIA) of the coegiLCl in order to ascertain the overall potengavironmental

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 manufactw@agor of
South Africa.

. Identify possible shortcomings (for further reséarim 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 fshwane municipality. The reason for choosingsiecific industrial

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

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

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

. Goal and scope definition, which describes theiaafibn or specific interest, and indicates thgeaigroup. A
detailed description of the system to be studieddkided, providing a clear delimitation of scopeyiods and
system boundaries.

. LCI analysis, which quantifies the environmentakyevant inputs and outputs of the studied systenich is
essentially a mass and energy balance of eachoursitnaller, process within the larger system. 8@ provided
a general framework for the inventory analysis (I5M041).

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

. Life cycle assessment and interpretation (LCAI) androvement analysis, whereby options are idexttitand
evaluated to reduce the environmental impactsestadied system.

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

4. THEWATERSUPPLY LIFE CYCLE SYSTEM CASE STUDY

The life cycle system that was studied is the supplpotable water to the Rosslyn industrial zoyeRand Water
(2004) and the Tshwane municipality. The main pnitcesses that are included in the supply systersianmarised 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 theipatidn of raw water at the Zuikerbosch facilitytisated at a sludge
disposal site (Panfontein). The treated water s thoosted to secondary pumping stations. Withetdp the treated
water that is finally supplied to the Rosslyn iniia$ zone, this is the Palmiet booster at anuwadtt of roughly 1 435 m
a.m.s.| (above mean sea level). and approximateym 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 idtgtad, i.e. no power is used, to Rosslyn, whichsciones 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 Rand Water
network in the Gauteng Province only. As far as massible, all the LCI data were related to 20@@r&s. The input
and output inventory of the life cycle system, utthg monthly consumption of land, water, energgl amaterials, as
well as soil, water and air emissions, were derifiveth onsite investigations at the present (2002004) Rand Water
facilities. The data were therefore collected dyiriechnical visits to several selected plants (@®aefn, Zuikerbosch,
etc.) and from annual reports. With respect to gatéaining to the reservoirs, the Tshwane muniitipg database was
used. Other necessary data were gathered fromnatienal literature where direct data were not iolatale or

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

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

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

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

. Specific energy and material requirements duringoatnal 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 materialgimg of the
supplied water, etc.

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

determine which unit processes should (initiallg) ibcluded in the boundaries of the studies lifeleyystem [8, 9].
Following typical LCA approaches a functional unit 1M¢/d of potable water supplied at Rosslyn at the igual
stipulated in Rand Water guidelines and suitabierfdustrial 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 omig,imay therefore be problematic to relate treiits to
other water supply systems in South Africa or elsw.

. Confidentiality issues limited the availability oértain site-specific data, or reduced the accuohtlye data with
respect to true environmental performances of tfierent industrial processes. In terms of theelgtthere is a
general reluctance by South African companies twigde input data for LCA studies [10]. The LCI datathe
electricity generation and fuel production processespecially, are limited in the South African teoa.
Similarly, information about chemicals that are dig®e water supply system was not easily obtaintae the
manufacturers due to technical and internal reasdtere 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 pn an LCA and involves a great deal to obteam$parent
and representative information about the many meeE® 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 aod/in the future.
LCAs cannot cover all issues or every part of campindustrial systems and, therefore, LCAs will @& be
incomplete in some way [12]. The following data g@pthe 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 theptate list of inputs in the production of elecitic

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

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

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

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

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

. The potable water pumped to Palmiet is blended #iitkerbosch 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@tunit process were assumed to be of minor impatite
current study.

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



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

4.3 Reating data and data aggregation

The quantitative input and output data that weriabd for the different unit processes were caeeeaccording 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 siguhl Thereafter, with
relation to the functional unit, the amount of £€nissions associated with electricity is repogied Mt/d of potable

water supplied to the Rosslyn industrial area.

Constituent Value Unit Comment
% Raw water 1.292| Mt Obtained from Vaal River
i m Recovered water 0.019| M¢ Obtained from Panfontein
,_g *g_ Chemicals 0.209 | t See Table 7 of the detailed report
(_3) @ < | Electricity 937.3| MJ See Appendix A of the detailed report
£ & Land use 5466 | m*.a See Appendix A of the detailed report
g’ E Fuel 0.389]| ¢ See Appendix A of the detailed report
25
% % @ Treated and pumped water 1.283| Mt Pumped up to the booster stations
§ 5| 2 | Solid/liquid waste 0.021| M¢ Sent to Panfontein landfill site
E g Emergency discharges 0.027| M¢ Emergency discharge into water sources
= Dust fall out 0.667| g See Appendix A of the detailed report
g
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
qE, = Fuel 0.478| ¢ See Appendix A of the detailed report
g\ Land use 12.76 | m? See Appendix A of the detailed report
g
g | e _ _
M 2 | Potable water pumped 1.265| Mt/d See Fig. 2 - pumped up to reservoirs
g Dust fall out 0.025| g See Appendix A of the detailed report
E % % Received potable water 1.250| Me/d See Fig. 2
g B E’ Land use 178.1| m? See Appendix A of the detailed report
S 2
s
% § 3 | Supplied potable water 1.0 | Me/d Supplied directly to Rossyn industrial
x g area in the Tshwane municipal district

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

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

parts (see Table 1):




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

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

Sensitivity analyses were applied in the intergietaphase of the LCA to evaluate the uncertairfitthe LCI data and
to determine how changes in key parameters infrigine LCIA results [13]. The completeness and sbascies 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]

—r A A

system
8.856 M t/d
Pipe losses = £ 1.2% per 100 km
Assumed distance is 50 km
y 8750 M1t/d
Tshwane reservoir and Total water bought from Rand Water = + 420 M{/d
gravitation sub-system Total supplied to Rosslyn = 1.667% or 7 M{/d
Unaccounted for water (UAW) = 20%
l 7.000 M t/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 distémdarget
approach is used for the normalisation of midp@nvironmental impact categories, which focuses hen ambient
quality and quantity objectives for four resourceups: air, water, land and mined abiotic resour@ée quality and



quantity objectives are determined for defined Bdftican Life Cycle Assessment (SALCA) Regionsg($8g. 3) and

take into account endpoint or damage targets. woltpthe precautionary approach, a resource inmpdatator (RIl) 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) Bup category is used as an example. The entireyifte system,
including auxiliaries, extracts 1.294 tiMof water from various natural sources per funclounit. All of the LCI
constituents that contribute to this impact catggame converted to a singular unit of equivalerice, kg of water
reserves, by multiplying each constituent valuénwsit appropriate characterisation value. A valug k§/ is used for
all water use LCI constituents, and the total chirised result for the WU impact category is thene 1.294x10 kg
of water reserves. The characterised result is tleemalised, to compare its significance with otRéis, using current
and target water quantities that were determinech fivailable and projected annual water balancesivare based on
maximum surface and groundwater yields, human aodystem consumption, and the transfer of watesrves from
other catchments (inside and outside South Afritajhe 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) 550x6, 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 thenipiyitg the result
with a significance factor, i.e. current value dieil by the target value, which is a value of 38¥%.adding the RII
value for the WU impact category to the RII val@iesthe other water-related impact categories, werail RIl value
can be determined for the impact of the entiredifele system on water resources per functional uni

5.2 LCIA profileanalyses

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

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

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

Rosslyn industrial area is located; and for SouiticA as a whole. The normalised environmentalif@®ffor each of
the main resource groups are shown separatelygirbRo 8. Furthermore, contribution analyses tesade summarised
in Table 3 in terms of:

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

. The most important inventory flows or constitueimt¢erms 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 inwgntiow
values.

100

90

80

70 A

60

B SALCA Region 3
50 W South Africa
@ SALCA Region 4

RII value
(no units)

40 +

30 A

20 A

10 A

Water Air Land Mined abiotic

Resour ce groups
Fig. 4. Calculated RIIsfor SALCA Regions 3, 4 and South Africa asawhole.

Resour ce Impact . Characterisation Unit® Nor malisat_ion Nor malisat_ion
group category! value (SALCA Region 4) (South Africa)
wWu 1.294x10° kg water reserves 3.346x10" 8.42410"
EP 2.726¢10" kg PQ? eq. 3.10%10° 4.49%10°
rgoitreé o AP 9.810<10" kg H,SO, eq. 1.581x10° 6.130<10*
HTP 7.52310" kg Pb eq. 7.95410° 2.005¢10°
ATP 1.714x10* kg Pb eq. 1.81%102 4.56%10°
AP 5.99%10° kg SQ eq. 1.263%107 3.26%10°
ocCP 2.285¢10" kg O; eq. 3.65%10° 9.18%10°
Air resources ODP 4.570x10° kg CFC-11 eq. 1.20%10%? 5.76%10"°
GWP 9.105¢10° kg CQ, eq. 2.29810"° 1.100¢10™
HTP 1.98410° kg Pb eq. 3.89810* 1.03%10*
AP 9.810x10" kg H,SO; eq. 1.581x10° 6.130x10*
HTP 2.805¢10" kg Pb eq. 1.329<10" 6.360x10°
Land resources TTP 7.566¢107 kg Pb eq. 3.58410°® 1.716<10°
oLU 4.463%10° m?.a near natural 2.59%10° 1.76510"
TLU 3.44x%10° m? non-natural 1.29%10* 5.83410*
Mined abiotic MD 9.26x10° kg Pt eq. 5.197%10"* 5.19%10"*
resources ED 5.46%10" kg coal eq. 1.96810° 1.96810°
a The definitions of the midpoint impact categores: WU (Water Use); EP (Eutrophication Potentidlp (Acidification Potential); HTP

(Human Toxicity Potential); (Aquatic Toxicity Potgel); OCP (Ozone Creation Potential); ODP (OzomplBtion Potential); GWP (Global
Warming Potential); TTP (Terrestrial Toxicity Potiat); 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 basdine LCl snapshot.
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GWP — Global Warming Potential; HTP — Human Toyidotential
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MD — Mineral Depletion; ED — Energy Depletion

6. DISCUSSION

With respect to the overall environmental profitag 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 exioac The release of
toxic substances by the life cycle system, andiipaity the generation of the required electricior the LCA system,
may also be important with respect to the ToxiBibtential impact categories, i.e. up to 20% for3A¢. CA Region 4.



Depending on the water availability in the specHitalysed region, water extraction is accountabteaf least two-

thirds of the total impact on water resources,S8LCA Region 3, and at least three-quarters for GALRegion 4. It

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

9 % . %
Impact /° . . contribution Un_|t PrOCESS | contribution
RII group contribution | LCI constituent g in LCA
category to RII group? to impact system toLCl
category® constituent®
80.75 ) .
WU Water: River 99.83 Water extractioh 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
HCI (a 6.41 Electricit 99.93
96.73 @ ey
AP 96.67 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
HTP 2.99 Chromium (a) 79.53 Electricity 99.98
(3.06) HF (a) 4.84 Electricity 99.93
Lead (s) 2.97 FeCk 97.41
PAA 2.36
OLU 93.83 Industrialised 95.57 Treatmerft 99.84
d (99.33) Urbanised 4.43 Reservoirs 100.00
Lan
AP 5.71 NO, as NQ (a) 2.27 Electricity 97.37
(0.34) SQ, as SQ (a) 97.05 Electricity 97.89
Coal 97.49 Electricity 99.80
Natural gas 1.35 Electricity 74.78
Ammonia 20.94
Chlorine 1.20
Mined 100.00 . .
o ED Oil 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 thfinto the respective resource groups are shownreiteble; values without parentheses are
normalised with SALCA Region 4 factors and valuéhwarentheses are normalised with South Afrieantdrs.
b Only LCI constituents that contribute more thf tb the respect impact categories are shown.
c Only unit processes in the LCA system that cbote more than 1% to the respective LCI constituen¢ shown.
d Land occupied as existing extremely industrialiseurbanised land (Brent, 2003; Brent, 2004).
e Includes water purification, treatment and walstposal.

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



After water resources the impacts on land resouacesthe most important for the life cycle systétowever, the
impact on land resources is at least four timesefotian the impacts on water quality. Of all thepaet categories
classified to land resources, the occupation da 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 Pdteh(for air) may be
in the same order of magnitude compared to landeuge&SALCA Region 4 is used as reference regidre fieleases of
atmospheric emissions that contribute to the Aigdifon 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 frdxiity 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 inelutbn-

renewable energy use, materials use, land usepahdion of air, soil, and water resources. Th@A study, based on
the standardised ISO 14040 methodology, was coesdlguundertaken to assess the environmental barassociated
with water supply to an industrial area. The stadgnpiled a comprehensive LCI of water supply tpectfic industrial

area, i.e. Rosslyn, north of the capital Pretamighie Tshwane municipality. An introduced LCIA frawork for South
Africa was used to determine the extent of diffeevironmental 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 consitlera The toxicity potential impacts on water resmms, 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 hie tvater use category of the LCIA profile, due he tack of
appropriate categorisation factors. For examplehiant water quality may be influenced by the reduciof water
guantities. Similarly, the uncertainty of the appliLCIA method and the resultant indicator profiles not included in
the interpretation of the LCA study and is assutoeetflect a worst-case scenario as reportederglitire [18].

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

From these outcomes the following main LCA recomdagions are made:

. In order to improve the environmental performantéhe water supply system, water-losses must beeaddd
foremost. Especially within the management doméithe 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 energytirgpprimarily required. Therefore, more efficient, possible
alternative energy sources may be considered ifop#trt of the life cycle system.

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