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Abstract
The increasingly poor quality of South Africa’s natural water sources requires industries and power stations to treat raw
water extensively prior to industrial use in, for example, boilers. Two different raw water desalination technologies, an
existing ion exchange plant and a proposed reverse osmosis intervention, are compared by life cycle assessment for the
production of 1 Mℓ of boiler feed water, in the context of the Secunda industrial complex situated in Mpumalanga, South
Africa. The proposed reverse osmosis option would perform 22% worse for global warming potential, which relates to
the use of coal-derived electricity, but would reduce burdens of the ion exchange option on human toxicity and freshwater aquatic ecotoxicity due to the use of an aluminium sulphate coagulant. Significantly, the assessment predicts the
reverse osmosis option to effect a 78% overall reduction in storage of problematic salts, from 599 kg/Mℓ to 133 kg/Mℓ.
Notwithstanding the fact that the power generated within the complex and used by the RO process is associated with a high
salts burden (mine water is desalinated at the power station), it was found that the reverse osmosis intervention would incur
a lower salts footprint than the IX/S technology and would not shift salts burdens.
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Introduction
South Africa’s aspirations for economic growth rely to a great
extent on expansion of industrial manufacturing. Several large
industrial hubs have been established to add value to extracted
mineral resources by means of chemical or metallurgical
transformations into intermediate or final products. These
activities however lead to dissipative losses of vast volumes
of freshwater for cooling purposes, which give rise to sustainability concerns, given that the catchment areas in which
many of these industries were built are relatively water scarce
(Rogers et al., 2008). In response to these water constraints,
some industrial facilities were historically designed to operate on a basis of Zero Liquid Effluent, yet they are marked by
water and salt balance problems (Ras, 2011). Problems related
to this approach have been identified in what is described as
the ‘Secunda industrial complex’, comprising of the industrial
activities at the Sasol Synthetic Fuels production site near
Secunda, Eskom’s Tutuka power station near Standerton, and
their associated coal mines (Rogers et al., 2008 and Ras et al.,
2010a). Water balance problems result from storage capacity
constraints and poor housekeeping, where streams with widely
varied qualities are indiscriminately mixed and disposed of
to saturated ash systems resulting in the production of poor
quality ash effluent which requires treatment (Ras, 2011). The
configuration of wastewater and raw water desalination units as
ion exchange technologies contribute to salt balance problems.
A positive feedback loop is established where treatment of salts
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requires the addition of chemicals which liberate further ions
into the wastewater stream.
In an attempt to address the effects of problematic salt
and water balances, industries in the Secunda complex have
pursued several initiatives for salt recovery and the exchange
of water between industries to alleviate water balance problems. A notable water exchange is the longstanding desalination of excess saline mine water from adjacent coal mines
by the Tutuka power station and by Sasol’s Secunda facility
(Buhrmann et al., 1999; Burger, 2004). Further potential initiatives include an exchange of low total dissolved solids (TDS)
waste streams to a water-constrained gold mine for gold recovery from dormant slimes dams and the use of mine water for
cooling purposes (Ras, 2011). Attempts at addressing the salts
accumulation problem include the reported recovery of sodium
sulphate from sodium and sulphate-rich mine water for the
vanadium industry, an aborted attempt at recovering calcium
and sodium carbonates (Ras et al., 2010b), and investigation
into the co-disposal of saline wastewater with ash (Ras, 2011).
These efforts have typically not been explicit about the
systemic nature of the problems they attempt to address. An
industrial ecology–type approach, such as industrial symbiosis,
has not featured strongly in these endeavours.
A recent study has applied industrial ecology to understand
environmental sustainability problems relating to the accumulation of saline wastes in the Secunda complex, and to study
the potential for integrated technology interventions which take
multi-party engagements and effects into account (Ras et al.,
2010a). Out of this assessment, a number of possible interventions were developed, drawing on The Natural Step Framework
(The Natural Step, 2011) and the Waste Management Hierarchy
(Ras, 2011). The preferred intervention proposed a source
reduction approach to the salts problem in the complex by
replacing the existing chemical-intensive ion exchange and
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