Environmental life cycle assessments for water treatment
processes – A South African case study of an urban water cycle

1

E Friedrich1*, S Pillay2 and CA Buckley2

Centre for Research in Environmental Coastal and Hydrological Engineering (CRECHE), School of Civil Engineering,
Surveying and Construction, University of KwaZulu-Natal, Durban 4041, South Africa
2
Pollution Research Group, University of KwaZulu-Natal, Durban 4041, South Africa

Abstract
The objective of this study was to generate information on the environmental profile of the life cycle of water, including
treatment, distribution and collection and disposal (including recycling), in an urban context. As a case study the eThekwini
Municipality (with its main city Durban) in South Africa was used. Another aim of the study was to compare the environmental consequences for the provision of normal, virgin potable water vs. recycled water to industry in Durban. Therefore, a series
of environmental life cycle assessments (LCAs) were performed and environmental scores were calculated for the processes
involved in the treatment, recycling and disposal of water and wastewater. In order to enable the addition of these scores the
same approach was adopted and the same methodology was used and a final environmental profile was produced.
This study shows that a system approach as well as a process approach is needed for the integral assessment of the
environmental performance in the provision of water and wastewater services. From the LCAs of individual processes
involved in the provision of water and wastewater in the eThekwini Municipality, it emerged that the process with the highest contribution is the activated sludge process - used in the treatment of wastewater. However, when considering the entire
system and including the losses in the distribution network for potable water, the process with the highest contribution became
the distribution itself. An improvement analysis was performed and is presented. It takes into account a series of possible
interventions and their consequences. Most notably, one conclusion of this study is that recycling as currently undertaken in
Durban, has positive environmental impacts.
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Introduction
The life cycle assessment (LCA) is a versatile environmental
tool which can be tailored for different uses in the water industry. These range from very specific studies (e.g. the choice of different materials and/or chemicals) to process level applications
and to strategic and regional applications. A detailed review of
all applications of LCAs in the water industry is presented in
Friedrich et al. (2007) and includes LCAs for water supply processes, for wastewater treatment plants, for sludge disposal, and
for membrane filtration processes for the provision of the different materials needed for the infrastructure. From this review
it is evident that the majority of local and international studies (Emmerson et al. (1995), Meijers et al. (1998), Dennison et
al. (1998), Brydle and Skrypski-Mantele (2000), Hwang and
Hanaki (2000), Zhang and Wilson (2000), Vidal et al. (2000),
Raluy et al. (2005), Stokes and Horvath (2006) and Landu and
Brent (2006)) take a process/project approach, were an LCA is
used to investigate and/or compare individual water treatment
processes or plants. Only a few studies (Lundie and Peters
(2000), Tarantini and Ferri (2001) and Rihon et al. (2002)) are
taking a more strategic approach which includes a whole water
system in which different processes and plants are combined.
None of these strategic/regional studies were conducted in the
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South African context. Therefore, this paper aims to address
this gap and show how the LCA methodology was employed to
investigate and improve a local water system, namely that of the
eThekwini Municipality.
The eThekwini Municipality (South Africa) has a population
of approximately 3.1 million and covers an area of about 2 300
km 2 (IDP, 2005). The core city of the municipality is Durban,
which is the largest South African port city on the Indian Ocean.
Inland it is surrounded by other urban nodes as well as other
more sparsely populated peri-urban areas. Bulk potable water is
provided to the municipality by Umgeni Water which operates
two interdependent systems that are linked operationally and
in terms of service delivery. Each system has a dedicated dam,
aqueducts and a waterworks. The 1st system is the Nagle Dam
and the Durban Heights Waterworks and the 2nd system is the
Inanda Dam and the Wiggins Waterworks, as shown in Fig 1.
Once treated, the potable water is reticulated to consumers
(domestic and industrial). In the central area and in the suburbs
of the municipality, a sewer system collects the used water,
which is treated in a number of sewage treatment plants prior to
final discharge into the Indian Ocean. A water recycling plant,
commissioned in 2001, takes treated sewage from the Southern
Wastewater Treatment Plant to produce industrial-grade water,
which is used in a paper mill and in an oil refinery. The main
components of the system and their geographical location are
presented in Fig. 1 and Fig. 2.
The overall objective of this study was to generate a holistic
picture of the environmental life cycle of water in an urban setting and it includes the treatment, distribution, collection and
disposal (including recycling) of potable water and wastewater.
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