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significant increase in greenhouse gas emissions due to coal-
fired electricity generation for a small increase in water
supply. Assessment of a greenfield scenario incorporating
water demand management, on-site treatment, local
irrigation, and centralized biosolids treatment indicates
significant environmental improvements are possible relative
to the assessment of a conventional system of corresponding
scale.

Introduction

Previous LCA studies in the area of water cycle management
have mainly addressed specific aspects of wastewater
systems, i.e., quantifying environmental loads of wastewater
systems (/—5) or biosolids systems (6, 7). Fewer LCA studies
of water supply alternatives (8, 9) have been published. LCA
has also been used for the definition of environmental
sustainability indicators for wastewater systems (10, 11) and
more recently for urban water systems (12).

Recent Swedish studies have incorporated some of the
most comprehensive LCA system boundaries, including
water, sewage, and sludge treatment and avoided fertilizer
production (e.g., refs 2 and 4) as have been discussed in
greater detail previously (). These studies developed detailed
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TABLE 3. LCIA Results of the Base Case

resource use output-related categories

photchemical
total oxidant b
environmental indicators/ energy water climate eutrophication formation t
impact categories use use change potential potential pr

TJ/a GlL/a ktCOsla kt O-/a t ethene/a kt
total 8110 655 721 231 127

Percentage Contributions Relative to Sydney Water's Total for Eacl
water filtration plants 12% <1% 11% 1% 9%
water system areas 28% 8% 24% 1% 5%
customer areas 92%
wastewater system areas 8% 1% <1% 11%
inland STPs 12% <1% 20% | 16% '
coastal STPs 29%  <1% 29%
water recycling by STPs 1% 1%
recycled water distribution 1% 1% -
biosolids system —1% =<=—1% —-1% 1% 1%
infrastructure 4% 4% <1% 2%
nonsystem areas 6% 5% <1% 23%
total 100% 100%  100% 100% 100%
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TABLE 5. Comparison of Scenarios against the Base Case for Each Environmental Indicator and Impact Category

photochemical freshwater marine
oxidant human aquatic aquatic terrestrial
total water climate eutrophication formation toxicity ecotoxicity ecotoxicity ecotoxicity
energy usage change potential potential potential  potential potential potential
o) (%) (%) (%) (%) (%) (%) (%)

desalination 27 23
demand management —4 —4
enerqy efficiency —13 | —11 |
energy generation -8 =1
energy recovery from 50% —2
biosolids
population +7% 4
population +16% 10
population —7% —
population —16% —8
secondary upgrade of 21
major coastal STPs
secondary & tertiary 23
upgrade of major
coastal STPs
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@ h% 13 ’ _JL,(B%E
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ABSTRACT

Urban water authorities in many countries are struggling to satisfy the increasing demand for both
potable and non-potable water whilst also improving the environmental profile of the urban water
system.

The main goal of this study is to use the Life Cycle Assessment methodology to carry out an envi-
ronmental analysis of every stage of the urban water cycle in Tarragona, a Mediterranean city of Spain
(scenario I). These stages are: water abstraction, potable water treatment, intermediate pumping, dis-
tribution network, sewage collection and wastewater treatment. This study also proposes possible sce-
narios for improving the environmental performance reducing the high level of water stress resulting
from increasing demand and limited resources: using reclaimed water (scenario II) and using desali-
nation plants and reclaimed water to supply water during a drought (scenario I1I). Inventory analysis was
performed using local operation data.

In the current situation (scenario I) the main environmental impacts on urban water cycle were caused
by 35.2% of distribution network, 20.5% of collection pumping and 13.8% of wastewater treatment plant
for the Global Warming Potential impact category because these stages have high energy consumption.
In Reclaimed water (scenario Il), no significant improvement in indicators is observed, because the
addition of environmental loads introduced by the tertiary treatment, except for the reduction in
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ABSTRACT

Municipal wastewater (WW) effluent represents a reliable and significant source for reclaimed water,
very much needed nowadays. Water reclamation and reuse has become an attractive option for
conserving and extending available water sources. The decentralized approach to domestic WW treat-
ment benefits from the advantages of source separation, which makes available simple small-scale
systems and on-site reuse, which can be constructed on a short time schedule and occasionally upgra-
ded with new technological developments.

In this study we perform a Life Cycle Assessment to compare between the environmental impacts of
four alternatives for a hypothetical city's water-wastewater service system. The baseline alternative is the
most common, centralized approach for WW treatment, in which WW is conveyed to and treated in a
large wastewater treatment plant (WWTP) and is then discharged to a stream. The three alternatives
represent different scales of distribution of the WW treatment phase, along with urban irrigation and
domestic non-potable water reuse (toilet flushing). The first alternative includes centralized treatment at
a WWTP, with part of the reclaimed WW (RWW) supplied back to the urban consumers. The second and
third alternatives implement de-centralized greywater (GW) treatment with local reuse, one at cluster
level (320 households) and one at building level (40 households).
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