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abstract
This paper is a literature review of environmental systems analysis studies – adopting the LCA (life-cycle assess-
ment) approach – of urban water and wastewater systems. Both with respect to the number of scientific journals 
referred to and the time-period of publication, the scope has been limited. The time period considered is 
2000–2014, and the number of journals referred to, is 12. Of the 93 papers found, 51 focus on wastewater 
treatment. Over one-third of the publications (35 of 93) have a focus on a city, region or country in Europe, 
with Spain topping the list with 10 of these. As far as the origin of the publications is concerned, Spain is 
 numero uno again with 14. Four papers adopt a dual scope (as far as sub-systems within the urban water system 
are concerned), while 12 of them are pan-systemic. As far as sub-scopes are concerned, within wastewater treat-
ment, there are 12 publications dealing with treatment technologies. About 39 % (38 publications) are com-
parative analyses – among different processes/options/approaches or among different single case studies. The 
country being focused in (in a case study) is different from the country from which the publication originates 
(country in which the university/institute to which the first author belongs, is located) in 7 publications. The 
set of 93 papers is by no means comprehensive as all possible journals in which papers using LCA as a tool to 
study urban water systems, have not been browsed through. Also, such publications from before year-2000 have 
not been taken into consideration. However, one may still conclude that looking at urban water systems as a 
whole (holistically) is gradually becoming more common. Further, a lot of potential research in this field is 
expected and urgently needed in the developing world.
key words – Life-cycle assessment, LCA, Urban water system, Environmental Systems Analysis, Water treat-
ment, Wastewater treatment, Water distribution, Wastewater transport

sammanfattning
Denna artikel är en litteraturgenomgång av miljösystemanalytiska studier – med ett livscykelanalytiskt (LCA) 
tillvägagångssätt – av urbana vatten- och avloppssystem. Både när det gäller antalet vetenskapliga tidskrifter och 
tidsperioden för publicering har omfattningen varit begränsad. Tidsperioden som beaktas är 2000–2014, och 
antalet tidskrifter som undersökts är 12. Av de 93 artiklarna hittade hade 51 fokus på rening av avloppsvatten. 
Över en tredjedel av de publikationerna (35 av 93) hade fokus på en stad, region eller ett land i Europa. Spanien 
toppar listan med 10 av dessa. När det gäller ursprungsland är Spanien numero uno igen med 14. Fyra artiklar 
har dubbla målsättningar (angående delsystem inom det urbana vattensystemet), medan 12 av dem är pan-
systemiska. Inom avloppsrening finns det 12 publikationer som behandlar reningsteknik. Cirka 39 % (38 pu-
blikationer) är jämförande analyser – mellan olika processer/alternativ/strategier eller mellan olika enskilda 
fallstudier. Landet i fokus (i en fallstudie) skiljer sig från det land från vilket publikationen har sitt ursprung 
(land där universitetetet/institutet som förste författare tillhör) i 7 publikationer. De 93 artiklarna studerade är 
på intet sätt heltäckande eftersom alla tidskrifter där LCA används som ett verktyg för att studera urbana 
 vattensystem inte har undersökts. Dessutom har publikationer från tiden före år 2000 inte beaktats. Dock kan 
man fortfarande konstatera att studier av urbana vattensystem som helhet (helhetssyn) gradvis blir allt van-
ligare. Vidare kan en stor potential av forskning inom detta område förväntas i utvecklingsländerna.

VATTEN – Journal of Water Management and Research 71:209–222. Lund 2015
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introduction and background
When one carries out system analysis, one starts by de-
fining the system with its sub-systems, components and 
interrelationships/dependencies among them, identify-
ing the system boundaries and labelling what is outside 
the boundaries set, as surroundings or the ‘environment’ 
(ambience, in other words). The system can be consid-
ered to be open or closed, and thermodynamically we 
are talking about the presence or absence of an exchange 
of matter and/or energy. 
 The surroundings here could either be the physical 
environment – atmosphere, hydrosphere, lithosphere/
pedosphere, biosphere (flora and fauna), the economy 
(primary, tertiary and secondary sectors) or the human 
society. The human society and the economy together 
could be labelled as the anthroposphere (see Figure 1).
 One could think of a system’s interactions with the 
economy in terms of monetary flows (expenses, loans, 
interest payments, subsidies, taxes, etc.) and that with 
human society in terms of services provided, employ-
ment generation etc. Interactions with the different 
compartments of the environment take the form of in-
flows of raw materials of various kinds (where the envi-
ronmental media act as sources; water, minerals, fuel 
materials etc.) and outflows of solid, liquid and gaseous 
emissions / wastes (where the environment acts as a 
sink).
 The system could be studied as a black box with focus 
only on the inflows and outflows and no attention paid 
to the metabolism within the system (the various proc-
esses to which the inflows are subjected, the interrela-
tionships and dependencies among the sub-systems and 
the emissions resulting from these processes); or one 
could delve deeper into the system and understand the 
structure and functioning of the individual sub-systems 
and the components they are made of. The first ap-

proach would simply enable one to describe the status 
quo of the interactions between the system and its sur-
roundings; while the latter becomes imperative if one 
sets out to manipulate the functioning of the system (its 
sub-systems in effect) to modify the inflows and/or out-
flows. 
 If we take the surroundings to be the physical envi-
ronmental media, studying the interactions would 
amount to an environmental systems analysis. If the sur-
roundings are defined as the economy in which the sys-
tem is situated, we would be performing an economic 
systems analysis. Likewise, if the interactions between 
the system and the human society are to be studied, a 
socio-cultural systems analysis may have to be per-
formed.
 Urban water (and sanitation) systems, situated in the 
anthroposphere, a part of the economy (primary-sec-
ondary-tertiary public/private sector) and providing 
 water supply and sanitation services to society, have been 
researched extensively over the years, and several publi-
cations have resulted therefrom. A good proportion of 
these focus on either simple emissions accounting or 
more comprehensive environmental life cycle analyses 
(LCA). If the system in Figure 1 is an urban water/sani-
tation system, and if one looks inside this ‘black box’, 
one can identify sub-systems like the ones depicted in 
Figure 2, which can be looked upon as a standard sim-
plified block diagram of the system. 
 ‘Human consumers’ or more appropriately ‘anthro-
pospheric consumers’ depicted within the system actu-
ally belong to both the society and the economy and can 
in fact also be depicted as parts of the surroundings – so-
ciety and economy. However, as has been argued by 
Venkatesh and Brattebø (2014), an environmental sys-
tems analysis of urban water/sanitation systems is usu-
ally incomplete without factoring in the consumers. 
Each of the sub-systems, when studied individually, will 

Figure 1. anthropospheric system and 
interactions within the anthroposphere 
and the various interacting compart-
ments of the environment.
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have its own sets of inflows from and outflows to the 
environment. The urban water system also interacts 
with the environment indirectly through other systems 
in the economy – for instance, the power sector which 
supplies electricity to it and the water-treatment-chemi-
cals producing companies, inter alia. LCA enables the 
determination of the environmental impacts associated 
with (or caused by) the direct and indirect inflows from 
and the outflows to the different environmental media. 
 This paper is a literature review of environmental sys-
tems analysis studies – adopting the LCA approach – of 
urban water and wastewater systems, the scope (tempo-
rally and with respect to the scientific journals referred 
to) being described in detail in the Methodology section 
which follows. As this paper essentially is a literature re-
view paper, a separate Literature Review section has not 
been included. Instead, the review has been done in the 
‘Discussion of Findings’ section. Before proceeding, the 
author would like to point to the paper – Loubet et al. 
(2014) – which is also a review paper of life-cycle assess-
ment studies of urban water systems. The approach of 
the paper being submitted though, is different, and 
while it does fall into the genre – Review paper – it anal-
yses published literature somewhat differently, providing 
in the process different and additional information to 
readers. 

methodology
The research work for this paper was conducted as part 
of a Master’s thesis supervised by this author (student 
acknowledged at the end of this paper), within the pre-
cincts of the Norwegian University of Science and Tech-
nology in Trondheim. The ‘playfield’ so to say, was the 
online library system of the university through which 
students and employees of the university find access to 
several scientific journals. The work was commenced in 
2014, and the time period of analysis was restricted to 
the 15-year period from 2000 to 2014. The journals ac-
cessed for the said time period – in which publications 
being sought were found – by searching solely for the 

terms ‘LCA’ or ‘Life Cycle Analysis’ (‘Life-Cycle Analy-
sis’) or ‘Life Cycle Assessment’ (‘Life-Cycle Assess-
ment’) among publications related to the urban water/
sanitation sector, in the Title, Abstract and set of Key-
words provided, are listed in Table 1. It should be noted 
that there are possibly many other journals not listed in 
Table 1, which have published the types of papers being 
considered for this study (Venkatesh and Brattebø, 2014 
in environmental technology is one such). So, the meth-
odology adopted in this paper will account for most, but 
certainly not all such papers. It was safely assumed that 
if LCA was used as a tool in any published paper, the 
term would figure in the title and/or abstract and/or the 
set of keywords. These are predominantly journals re-
lated to water and wastewater; but also include those in 
which LCA or the environment is one of the main sub-
ject areas. 
 While LCA has been an approach of interest, and a 
tool which has been used by researchers since the 1990s, 
it was in the 21st century, that its popularity shot up in 

Figure 2. a standard urban water-sanitation system with sub-systems, and the primary environmental inflow (raw water) and outflow 
(treated wastewater).

Table 1. Journals accessed for papers focusing on environmental 
LCa-studies of urban water and sanitation systems for the period 
2000 to 2014 and the numbers of papers found in each of them.

Journal # papers found

Desalination and Water Treatment  7
Journal of Industrial Ecology 15
Journal of Water Supply, Research and Tech-
  nology – AQUA  1
The International Journal of Life Cycle Assess-
  ment  9
Urban Water  2
Urban Water Journal  5
Water and Environment Journal  4
Water Environment Research  1
Water Research 11
Water Resources Management  4
Water Science and Technology 25
Water Science and Technology – Water Supply  9
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universities and research institutes, as life-cycle thinking 
gradually started entrenching itself more and more firm-
ly. The choice of year-2000 as the left extremity of the 
time period chosen thereby is quite appropriate. Need-
less to add, one may surely find publications related to 
environmental systems analysis of urban water systems, 
before the turn of the century. The 12 journals zeroed 
in, is actually a watered down list, which started off be-
ing a bit longer. Publications focusing on LCA of urban 
water systems (or sub-systems) were not found in a frac-
tion of the original list, which was subsequently deleted 
from the list. The papers fished out of the sea of scien-
tific publications in these 11 journals for the 15-year 
time period considered, are, needless to say, listed in the 
References-list at the end of the paper.
Papers were categorised on the basis of:

1. Year of publication 
2. Scope adopted: Total system (with or without the 

consumption phase), freshwater resources, water treat-
ment, water distribution, wastewater transport, waste-
water treatment (including the sink and biosolids 
handling) 

3. Sub-scopes (wherever these could be identified), to 
narrow down to specific fields or areas of analysis 
within the scope chosen

4. Type (genre) of study/analysis: Single case study, Pilot 
study, Theoretical study, Comparative analysis (among 
processes/approaches or among different case studies), 
Review of previous studies (like this paper for in-
stance)

5. The city, region (and the country) being studied in 
the paper

6. The university/institute from which the paper origi-
nates – the corresponding author’s place of work in 
other words

7. The country in which the university/institute from 
where the paper originates, is based (bearing in mind 
that this could be different from the country of #5 
above).

It must be mentioned here that some papers did use the 
term ‘LCA’ in the title, abstract or keywords, but did not 
really use the tool to analyse an urban water system or 
one of its sub-systems for that matter. The final paper 
count was 93, from 12 journals (an average of between 7 
and 8 papers per journal, with a span of 1 to 25; and a 
little over 6 papers per year). 

discussion of findings
number of papers and distribution over time 

Figure 3 indicates a fluctuating trend from 2000 to 
2007, and thereafter, with the exception of the drop in 
2009, a steady rise in the number of publications, till 

2014. This journal (Journal of Industrial Ecology) has 
clearly been consistently publishing papers focusing on 
LCA of urban water systems from 2009 onwards, with 
2010 witnessing four such. The journal Water Research 
has the most papers of this nature in one single year – 5 
in 2014. Water Science and Technology, perhaps the 
most-sought-after water-related scientific publication, 
leads the dozen with 25 publications of this type over 
time – at least one in 11 of the 15 years considered for 
this analysis. The fact that a minimum of 10 such publi-
cations appeared from 2010 onwards, can make one rea-
sonably state that there has been a rise in interest in en-
vironmental systems analysis of urban water systems – 
among researchers and thereby policy-makers (or vice 
versa) in general. Carrying out this analysis again after a 
few years from the time of writing, will tell us if this has 
really been so.

scopes and sub-scopes
As far as the scope goes, it would be interesting to ana-
lyse this journal-wise and also year-wise. It must be men-
tioned here, that as per our definition of possible scopes, 
it is possible that some papers may have multiple scopes, 
while not focusing on the entire system. For instance, 
water treatment and water distribution (part of the up-
stream), or water resources and water treatment (part of 
upstream again), or wastewater transport and waste- 
water treatment (part of downstream) or for that matter, 
just the water distribution and sewage transport systems 
(pipelines and/or pumping stations both upstream and 
downstream). Further, the author has used his own dis-
cretion when it comes to slotting the papers in their re-
spective scope-categories. For instance, a paper dealing 
with reuse or reclamation of wastewater may be slotted 
in wastewater treatment (because that is what one does 
when one reclaims), water treatment (because there is a 
looping back to the upstream) or water resources (be-
cause reclaimed wastewater can be looked upon as a 
 water resource). In this paper, such papers have been 
slotted under ‘wastewater treatment’. Also, all papers 
slotted under ‘Total system’ may not be equally compre-
hensive with respect to the analysis of the sub-systems 
shown in Figure 2.
 Starting with the International Journal of Life Cycle 
 assessment, five of the nine papers have wastewater treat-
ment as the scope (see Figure 5). Of the remaining four, 
three deal with the entire system (Barjoveanu et al.,  
2013; 2014; Renzoni and Germain, 2007), while one 
has a dual scope – water resources and water treatment 
(Stokes and Horvath, 2006). 
 The Journal of Industrial ecology has covered all the 
scopes defined in the Methodology section, over the 
2000–2014 period. Though wastewater treatment still 
dominates (8 of 15), there are 2 papers each for the total 
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system (Arpke and Hutzler, 2006; Muñoz et al., 2010B), 
and wastewater transport (Venkatesh et al., 2009; De 
Sousa et al., 2012), and one each for water treatment 
(Meneses et al., 2010), water distribution (Venkatesh 
and Brattebø, 2012A), and water resources (Owens, 
2001). As shown in Figure 5, the lone paper found in 
the Journal of Water supply, Research and technology 
(aQUa) has its focus on water treatment (Mohapatra  
et al., 2002), while the only one in the journal Water 
environment Research, has its focus on wastewater treat-
ment (Coats et al., 2011). The journal Water Resources 
Management features two papers on wastewater treat-
ment (Tangsubkul et al., 2005; Tjandraatmadja et al., 
2013), and one each on water resources (Nazer et al., 
2010), and wastewater transport (Petit-Boix et al., 
2014). The journal Desalination and Water treatment 
yielded seven matches, three of which focus on wastewa-
ter treatment (Vera et al., 2009; Nogueira et al., 2009; 
de Hoces et al., 2011), 3 on water treatment (Shahabi  
et al., 2014; Beery et al., 2010; Beery et al., 2011) and 
one on the total urban water system (Uche et al., 
2013).
 Of the five papers from Urban Water Journal (refer 
Figure 5), one has a dual scope (Venkatesh and Brattebø 

2011A), two focus on the total water system (Lai et al., 
2008; Slagstad and Brattebø 2014), one focuses on water 
distribution (Basupi et al., 2014) and the last one on 
wastewater transport (Venkatesh and Brattebø 2011B). 
Urban Water on the other hand, is represented by two 
papers – one focusing on the total water system (Lundin 
et al., 2002) and the other on wastewater treatment 
(Balkema et al., 2002). Three of the four papers from 

Figure 3. the journal-wise publication-trend over time.

Figure 4. Doughnut representation of the distribution of the scopes 
of the papers.
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Water and environment Journal focus on wastewater 
treatment ; with the fourth one (Ward et al., 2012) deal-
ing with water resources. Wastewater treatment domi-
nates the 11 papers from Water Research (7 in all), with 
one each focusing on the total water system (Loubet  
et al., 2014) and water resources (Godskesen et al., 
2013) and two on water treatment (Zhou et al., 2014; 
Hancock et al., 2012). Quite obviously, all the papers in 
 Water science and technology – Water supply focus on the 
upstream. While most of the papers focus on water 
treatment (4 of 9), there are two papers with dual scopes 
– one focusing on water resources and water treatment 
(Lyons et al., 2009) and the other on water distribution 
and wastewater transport (Herz and Lipkow, 2002). The 
inclusion of a paper part-focusing on wastewater trans-
port of course is a curiosity, as far as this journal is con-
cerned. One paper each has focus on water distribution 
(Engelhardt et al., 2003), water resources (Ghimire  
et al., 2012) and the total water system (Godskesen  
et al., 2010). Lastly, in the journal with 25 of the 94 
publications unearthed in this analysis – Water science 
and technology – 21 focus on wastewater treatment, and 
one each on water resources (Suridge et al., 2008), water 
treatment (Friedrich, 2002), wastewater transport (Gou-
da et al., 2003) and the total water system (Lundie et al., 
2005). 
 As depicted in Figure 4, 55 % of the publications have 
focused solely on wastewater treatment. One publica-
tion has a dual scope dealing with both water treatment 
and wastewater treatment (Venkatesh and Brattebø, 
2011A). Of the other three with a dual scope, one has 
already been referred to earlier. The other two appeared 

in Water Science and Technology – Water Supply. Of 
these two, one focused on water distribution and waste-
water transport (Herz and Lipkow, 2002), and the other 
on water resources and water treatment (Godskesen  
et al., 2010). The relative shares of the different scopes 
(in absolute values) can be read from Figure 5. 
 To understand how many sub-scopes the publications 
could be categorised into, one can proceed on a scope-
by-scope basis (#2 in Methodology). Take water distri-
bution first. There are 3 publications with three distinct 
sub-scopes: Pipelines and impact accounting (Venkatesh 
and Brattebø 2012A), impact accounting for decision-
making (Engelhardt et al., 2003); and water distribution 
system redesign (Basupi et al., 2014). 
 Among the 12 publications which have adopted a 
pan-systemic focus, there is one which is a review paper 
with no sub-scope as such. Six of the remaining eleven 
have simple environmental impact accounting as a sub-
scope – (Barjoveanu et al. (2014; Renzoni and Germain, 
2007; Slagstad and Brattebø, 2014; Godskesen et al. 
(2010; Lundie et al. (2005; Uche et al. (2013). Muñoz 
et al. (2010B) has also performed impact accounting 
with the end-motive of studying different water supply 
plans. Lai et al. (2008) have reviewed the multi-criteria 
decision aid in integrated sustainability assessment, 
while Lundin and Morrison (2012) have written about 
sustainability indicators for decision-making. Then, 
there is Bayart et al. (2014), which focuses on a Water 
Impact Index – again, a possible metric/aid for decision-
makers. Arpke and Hutzler (2006) have their sub-scope 
as domestic water use in the United States, and the envi-
ronment impacts thereof. 

Figure 5. Journal-wise representation of 
the scopes of the published papers.



215VATTEN · 4 · 15

 Publications with a dual scope may have both scopes 
in the upstream (Lyons et al. (2009) & Stokes and Hor-
vath (2006); both of which deal with water resources 
and water treatment), both in the downstream (none 
among the 93 publications being analysed in this paper) 
or one each on either side (Venkatesh and Brattebø 
(2011A) which deals with water and wastewater treat-
ment; and Herz and Lipkow (2002) which focuses on 
water distribution and wastewater transport). Both 
 Lyons et al. (2006) and Stokes and Horvath (2009) have 
compared different water supply options by impact ac-
counting method. While Herz and Lipkow (2002) focus 
on the environment impacts of water and wastewater 
pipelines, Venkatesh and Brattebø (2011A) have as the 
sub-scope a general comparison between the chemicals 
and energy consumptions in water and wastewater treat-
ment in Oslo, Norway.
 Of the five publications having wastewater transport 
as a focus, two deal with impact accounting of pipelines 
in the network (Venkatesh et al., 2009; Venkatesh and 
Brattebø, 2011B). Of the remaining three, one has sew-
er construction as a sub-scope (Petit-Boix et al., 2014), 
one deals with sewer overflow control (De Sousa et al., 
2012), and the last with the transport of sewer solids 
(Gouda et al., 2003).
 There are six publications having ‘Water Resources’ as 
the main scope (Figure 4). Of these, two have water 
quality as a sub-scope (Suridge and Brent, 2008; Owens, 

2010) and two, rainwater harvesting (Ward et al., 2012; 
Ghimire et al., 2012). Of the other two, one focuses on 
domestic water use in West Bank, Palestine (Nazer et al., 
2010) and the other on impact accounting of freshwater 
withdrawal technologies (Godskesen et al., 2013).
 Water treatment and wastewater treatment account 
for the bulk of the publications. The sub-scopes (and 
sub-sub scopes, wherever those can also be defined) are 
thereby numerous. To simplify the presentation of the 
results for these two scopes and their sub-scopes, a tabu-
lar format has been adopted (Table 2 and Table 3). The 
categorisation on the basis of sub-scopes is entirely at 
one’s discretion. In this study, 18 sub-scopes for waste-
water treatment and 4 for water treatment were identi-
fied. Among the 18 for wastewater treatment, ‘Treat-
ment Technologies’ dominates (12 of 50 or 24 %), while 
among the four for water treatment, ‘Desalination’ ac-
counts for 5 of the 12 publications (41 %). One of the 
51 publications under wastewater treatment is a review 
paper and does not have a sub-scope as such (Corominas 
et al., 2013)

Geographical focus of paper 
Nearly 60 % (55 of 93) of the papers are case studies 
adopting a national or regional (within a country or a 
group of countries) or urban focus. Figure 6 illustrates 
the spread across the globe. As shown in Figure 6, 35 of 

Figure 6. Distribution of the geographical focus of the case studies.
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Table 2. sub-scopes of publications within wastewater treatment.

WASTEWATER TREATMENT

 Nutrients / Nutrient   
Decision-making

Contaminant removal
 extraction (nitrogen,  

Plant optimisation
 

through impact Sludge treatment phosphorus, organic   
accounting matter, energy etc.) 

O’Connor et al. (2013)  Muñoz et al. (2010A) De Gussem et al. (2011) Bao et al. (2013) Hospido et al. (2005)
De Hoces et al. (2011) Coats et al. (2011)  Tjandraatmadja et al.  Edelmann et al. (2005)
Igos et al. (2012) Remy et al. (2014)   (2013) Li et al. (2013)
 Maurer et al. (2003)  Clauson-Kaas et al.  Stefaniak et al. (2014)
 Mulder (2003)   (2001) Remy et al. (2012)
 Lazarova et al. (2012)  Beavis and Lundie  Yasui et al. (2005)
    (2003) Hwang and Hanaki
      (2000)
    Sablayrolles et al.
     (2010A)

Sustainability indicators
 Contaminant load  Wastewater  

Stormwater treatment
 Decentralization of 

 (impact accounting) recycling/reuse  treatment

Balkema et al. (2002) Sablayrolles et al.  Pasqualino et al. (2011) Andrew and Vesely  Machado et al. (2007)
  (2010B) Tangsubkul et al. (2005)  (2008)
  Pillay et al. (2002) 

CO2-emissions
 Impact accounting  

Treatment technologies Water consumption Data collection methodology

Mouri and Oki (2010) Godin et al. (2012) O’Connor et al. (2014) Risch et al. (2014) Yoshida et al. (2014)
  Higgins and Kendall (2012)
  Lin (2011)
  DiMuro et al. (2014)
  Nogueira et al. (2009)
  Vera et al. (2009)
  Kalbar et al. (2013)
  Fuchs et al. (2011)
  Muñoz et al. (2006)
  Foley et al. (2010)
  Hoibye et al. (2008)
  Wenzel et al. (2008) 

Eco-efficiency analysis General environment impact accounting Product category rules

Lorenzo-Toja et al. Hospido et al. (2004)  Del Borghi et al. (2008)
 (2014) Hospido et al. (2008)
 Zhang et al. (2000) 

Table 3. sub-scopes of publications within water treatment.

WATER TREATMENT

Contaminant removal Desalination General environmental impact assessment Treatment technologies

Jones et al. (2013) Tarnacki et al. (2011) Venkatesh and Brattebø (2012B) Mohapatra et al. (2002)
 Zhou et al. (2014) Friedrich (2002) Hancock et al. (2012)
 Beery et al. (2011)  Van der Helm et al. (2008)
 Beery and Repke (2010)
 Shahabi et al. (2014)
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the 55 papers have a European focus. The cities /regions 
which figure among these case studies are Berlin (Ger-
many – Remy et al., 2013), Bree (Belgium – De Gussem 
et al., 2011), Copenhagen (Denmark – 4 times – God-
skesen et al., 2013; Yoshida et al., 2013; Clauson-Kaas  
et al., 2001; Godskesen et al., 2010), Toulouse (France 
– Sablayrolles et al., 2010B), Oslo and Trondheim (both 
in Norway, with Oslo figuring 5 times), Amsterdam (the 
Netherlands – 2 times – Van der Helm et al., 2008; Mo-
hapatra et al., 2002), Galicia (Spain – Hospido et al., 
2008), Iasi City (Romania – Barjoveanu et al., 2014), 
Milan (Italy – Bayart et al., 2014), Wallonia (Belgium 
– Renzoni and Germain, 2007), and the rural areas of 
Spain. While Oslo, as a city, has been focused on in 5 
publications, Spain leads the pack of countries with 10 
(Uche et al., 2013; Muñoz et al., 2006; Muñoz et al., 
2010A; Muñoz et al., 2010B; Hospido et al., 2008; 
Lorenzo-Toja et al., 2014; Pasqualino et al., 2011; Vera 
et al., 2009; Petit-Boix et al., 2014; Meneses et al., 
2010), followed by Norway (6) (Venkatesh and Brattebø 
2011A; 2011B; 2012A; 2012B; Venkatesh et al., 2009; 
Slagstad and Brattebø, 2014). 
 Of the remaining 20, 6 are Asian, 5 North American 
(only USA though), 6 from Australia and New Zealand, 
and 3 from Africa (only South Africa though). The Asian 
cities / regions which figure in the list are Tokyo (Japan 
– Lin, 2011), Palm Jumeirah (United Arab Emirates – 
Beery et al., 2011), Palestine (West Bank – Nazer et al., 
2010), Southeast Asia (Zhang et al., 2000) and Toan-
Thang (Vietnam – Bao et al., 2013). The sixth is a paper 

focusing on India (Kalbar et al., 2002). The States / re-
gions in the USA which comprise the five publications 
with an American focus are Arizona (Lyons et al., 2009), 
Texas (DiMuro et al., 2014), California (Stokes and 
Horvath 2006) and New York (De Sousa et al., 2012). 

first author’s university – country of origin
The university the first author of the publication hails 
from is considered to be the source of the same; and 
thereby the country in which the university is located 
becomes the country of origin. Figure 7 represents the 
distribution graphically. It is interesting to note that 
there are quite a few papers which originate from one 
country but focus on another (see Table 4).
 Of the seven papers listed in Table 4, six have been 

Figure 7. Publications on the basis of the country in which the first author’s university/institute is located.

Table 4. Instances where origin and focus are not (in) the same 
country.

Publication Source country Focus country

Bayart et al. (2014) France Italy
Lin (2011) China  Japan
Li et al. (2013) China Germany
Beery et al. (2011) Germany UAE
Mohapatra et al. (2002) India The Netherlands
Bao et al. (2013) Japan Vietnam
Jones et al. (2013) USA Hungary
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published in this decade, indicating perhaps the growing 
interest in understanding how urban water systems in 
other countries are functioning (with the help of immi-
grant students from those countries for instance). It pos-
sibly points to a trend of international collaborations 
whereby exchange of ideas and expertise enables the 
spread of best practices in a globalizing world. In four of 
these seven cases, the source country and the focus coun-
try are in different continents. 

Genre
The publications can also be categorised on the basis of 
their genres/types (#4 in Methodology). Almost half of 
all the publications are single case studies (city, country 
or region). About 39 % of them (38 in number) are 
comparative case studies, the comparisons being either 
among processes or approaches, or for that matter be-
tween two (or among more than two) individual case 
studies. Interestingly, there are two publications which 
could be classified as ‘dual genre’. One of these is Munoz 
et al. (2006); which is a paper from the journal Water 
Research, originating from and focusing on Spain, and 
dealing with wastewater treatment. It is both a compara-
tive and a pilot study. The other, a single case study as 
well as a pilot study, is a more recent publication in 

 Water Resources Management, related to wastewater 
transport. Incidentally, it also originates from and fo-
cuses on Spain (Petit-Boix et al., 2014). 
 Desalination and Water treatment has carried more 
pilot studies than any of the other journals, while Water 
Research features more Review papers (quite like the cur-
rent one). There are more single case studies in the Jour-
nal of Industrial ecology (12 of the total of 45) than any 
of the other eleven. Except Urban Water, all the other 
journals have published at least one comparative case 
study (Refer Figure 8).

conclusions 
This paper, based on a Master’s thesis submitted at the 
Norwegian University of Science and Technology, and 
co-supervised by this author, was a limited literature re-
view of environmental systems analysis studies – adopt-
ing the LCA approach – of urban water and wastewater 
systems, the scope (temporally and with respect to the 
scientific journals referred to) being limited to the peri-
od 2000–2014 and 12 journals related to water and/or 
environment. Of the 93 papers zeroed in, in the 12 jour-
nals, 51 were found to focus on wastewater treatment. 
Over one-third of the publications (35 of 93) were found 

Figure 8. split of the publications on the basis of genres per journal.
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to have a focus on a city, region or country in Europe, 
with Spain topping the list with 10 of these. As far as the 
origin of the publications goes, Spain emerged as numero 
uno again with 14. Four papers have adopted a dual 
scope (as far as sub-systems within the urban water sys-
tem are concerned), while 12 of them were pan-system-
ic. As far as sub-scopes are concerned, within wastewater 
treatment, a dozen publications dealt with treatment 
technologies. It was found that 38 publications were 
comparative analyses – among different processes/op-
tions/approaches or among different single case studies. 
 The set of 93 papers is by no means comprehensive as 
all possible journals in which papers using LCA as a tool 
to study urban water systems, were not browsed through. 
Also, such publications from before year-2000 were not 
been taken into consideration. However, one may still 
conclude that holistic analyses are now becoming more 
common. While the papers which form the subject of 
this paper are essentially those performing environmen-
tal systems analysis, a true holistic approach entails an 
economic as well as a socio-cultural analysis in addition. 
Further, a lot of potential research in this field is expect-
ed and urgently needed in the developing world. 
 In general, there are enabling factors as well as obsta-
cles to practically-significant environmental systems 
analyses in general, and environmental systems analysis 
of urban water systems in particular. The ‘what’ and 
‘why’ of these is worth understanding. Perhaps this 
would be an interesting research area for social scientists; 
and certainly for industrial ecologists keen on helping 
practitioners to overcome the obstacles which may exist 
and usher in the enabling factors. 

acknowledgements
This paper is based on and a development of the Mas-
ter’s thesis written and submitted by Jokin Mendikute 
Bernardo at the Norwegian University of Science and 
Technology, Trondheim in 2014–15. Thanks to Jokin 
for the effort he put into this thesis. The author – a re-
searcher at the Department of Hydraulic and Environ-
mental Engineering (NTNU) at that time – was one of 
the co-supervisors for the said thesis. Thanks also to Prof 
Dr Stein Østerhus of the Department of Hydraulic and 
Environmental Engineering of NTNU, the chief super-
visor, for the opportunity to co-supervise Jokin 
Mendikute’s work. Thanks to the library at NTNU 
which facilitated easy access to the journals.

references
Andrew, R. and Vesely, E. (2008) Life-cycle energy and CO2 

analysis of stormwater treatment devices. Water Science 
and Technology 58(5):985–993. 

Arpke, A. and Hutzler, N. (2006) Domestic water use in the 
United States: A life-cycle approach. Journal of Industrial 
Ecology 10(1–2): 169–184. 

Balkema, A. J., Preisig, H.A., Otterpohl, R. and Lambert,  
F.J.D. (2002) Indicators for the sustainability assessment of 
wastewater treatment systems. Urban Water 4(2): 153–
161. 

Bao, P. N., Aramaki, T. and Hanaki, K. (2013) Assessment of 
stakeholders’ preferences towards sustainable sanitation 
scenarios. Water and Environment Journal 27(1): 58–70. 

Barjoveanu, G., Comandaru, I.M., Rodriguez-Garcia, G., 
Hospido, A. and Teodosiu, C. (2014) Evaluation of water 
services system through LCA. A case study for Iasi City, 
Romania. The International Journal of Life Cycle Assess-
ment 19(2): 449–462. 

Basupi, I., Kapelan, Z. and Butler, D. (2014) Reducing life-
cycle carbon footprint in the (re) design of water distribu-
tion systems using water demand management interven-
tions. Urban Water Journal 11(2): 91–107. 

Bayart, J.-B., Worbe, S., Grimaud, J. and Aoustin, E. (2014) 
The Water Impact Index: a simplified single-indicator ap-
proach for water footprinting. The International Journal of 
Life Cycle Assessment 19(6): 1336–1344. 

Beavis, P. and Lundie, S. (2003) Integrated environmental as-
sessment of tertiary and residuals treatment-LCA in the 
wastewater industry. Water Science and Technology 47(7–
8): 109–116. 

Beery, M. and Repke, J-U. (2010) Sustainability analysis of dif-
ferent SWRO pre-treatment alternatives. Desalination and 
Water Treatment 16(1–3): 218–228. 

Beery, M., Hortop, A., Wozny, G., Knops, F. and Repke, J-U. 
(2011) Carbon footprint of seawater reverse osmosis de-
salination pre-treatment: Initial results from a new compu-
tational tool. Desalination and Water Treatment 31(1–3): 
164–171. 

Clauson-Kaas, J., Poulsen, T.S., Jacobsen, B.N., Guildal, T. 
and Wenzel, H. (2001) Environmental accounting-a deci-
sion support tool in WWTP operation and management. 
Water Science and Technology 44(2–3): 25–30. 

Coats, E. R., Watkins, D. and Kranenburg, D. (2011) A com-
parative environmental life-cycle analysis for removing 
phosphorus from wastewater: biological versus physical/
chemical processes. Water Environment Research 83(8): 
750–760. 16 

Corominas, L., Foley, J. Guest, J.S., Hospido, A., Larsen, H.F., 
Morera, S. and Shaw, A. (2013) Life cycle assessment ap-
plied to wastewater treatment: state of the art. Water Re-
search 47(15): 5480–5492. 

De Gussem, K., Wambecq, T., Roels, J., Fenu, A., de Gueldre, 
G. and de Steene, B.V. (2011) Cost optimisation and min-
imisation of the environmental impact through life cycle 
analysis of the waste water treatment plant of Bree (Bel-
gium). Water Science and Technology 63(1): 164–170. 

De Hoces, C. M., de la Caridad Aloá Vicente, I., Rico, I.L.R., 
Falcón, M.F.C. and Martin-Lara, M. (2011) Life cycle as-
sessment on producing a heavy metals biosorbent from 
sugarcane bagasse. Desalination and Water Treatment 
30(1–3): 272–277. 

De Sousa, M. R., Montalto, F.A. and Spatari, S. (2012) Using 
life cycle assessment to evaluate green and grey combined 



220 VATTEN · 4 · 15

sewer overflow control strategies. Journal of Industrial 
Ecology 16(6): 901–913. 

Del Borghi, A., Gaggero, P.L., Gallo, M. and Strazza, C. (2008) 
Development of PCR for WWTP based on a case study. 
The International Journal of Life Cycle Assessment 13(6): 
512–521. 

DiMuro, J. L., Guertin, F.M., Helling, R.K., Perkins, J.L. and 
Romer, S. (2014) A financial and environmental analysis of 
constructed wetlands for industrial wastewater treatment. 
Journal of Industrial Ecology 18(5):631–640.

Edelmann, W., Baier, U. and Engeli, H. (2005) Environmental 
aspects of the anaerobic digestion of the organic fraction of 
municipal solid wastes and of solid agricultural wastes. Wa-
ter Science and Technology 52(1–2): 203–208. 

Engelhardt, M., Savic, D., Skipworth, P., Cashman, A., Saul, 
A. and Walters, G. (2003) Whole life costing: application 
to water distribution network. Water Science and Technol-
ogy – Water Supply 3(1–2): 87–93. 

Foley, J., de Haas, D., Hartley, K. and Lant, P. (2010) Compre-
hensive life cycle inventories of alternative wastewater 
treatment systems. Water Research 44(5): 1654–1666. 

Friedrich, E. (2002) Life-cycle assessment as an environmental 
management tool in the production of potable water. Wa-
ter Science and Technology 46(9): 29–36. 

Fuchs, V. J., Mihelcic, R.J. and Gierke, J.S. (2011) Life cycle 
assessment of vertical and horizontal flow constructed wet-
lands for wastewater treatment considering nitrogen and 
carbon greenhouse gas emissions. Water Research 45(5): 
2073–2081. 

Ghimire, S., Watkins, D.W. and Li, K. (2012) Life cycle cost 
assessment of a rain water harvesting system for toilet 
flushing. Water Science and Technology – Water Supply 
12(3): 309–320. 

Godin, D., Bouchard, C. and Vanrolleghem, P.A. (2012) Net 
environmental benefit: introducing a new LCA approach 
on wastewater treatment systems. Water Science and Tech-
nology 65(9): 1624. 

Godskesen, B., Zambrano, K.C., Trautner, A., Johansen, N-B., 
Thiesson, L., Andersen, L., Clauson-Kaas, J., Neidel, T.L., 
Rygaard, M., Kløverpris, N-H. and Albrechtsen, H-J. 
(2010) Life cycle assessment of three water systems in 
 Copenhagen – a management tool of the future. Water 
 Science and Technology – Water Supply 10(6):953–960. 

Godskesen, B., Hauschild, M., Rygaard, M., Zambrano, K. 
and Albrechtsen, H.J. (2013) Life-cycle and freshwater 
withdrawal impact assessment of water supply technolo-
gies. Water Research 47(7): 2363–2374. 

Gouda, H., Ashley, R.M., Gilmour, D. and Smith, H. (2003) 
Life cycle analysis and sewer solids. Water Science and 
Technology 47(4): 185–192. 

Hancock, N. T., Black, N.D. and Cath, T.Y. (2012) A com-
parative life cycle assessment of hybrid osmotic dilution 
desalination and established seawater desalination and 
wastewater reclamation processes. Water Research 46(4): 
1145–1154. 

Herz, R. and Lipkow, A. (2002) Life cycle assessment of water 
mains and sewers. Water Science and Technology – Water 
Supply 2(4): 51–58. 

Higgins, B. T. and Kendall, A. (2012) Life cycle environmental 
and cost impacts of using an algal turf scrubber to treat 

dairy wastewater. Journal of Industrial Ecology 16(3): 
436–447. 

Hoibye, L., Clauson-Kaas, J., Wenzel, H., Larsen, H.F., Jacob-
sen, B.N. and Dalgaard, O. (2008) Sustainability assess-
ment of advanced wastewater treatment technologies. 
 Water Science and Technology 58(5): 963–968. 

Hospido, A., Moreira, M.T. and Feijoo, G. (2008) A compari-
son of municipal wastewater treatment plants for big cen-
tres of population in Galicia (Spain). The International 
Journal of Life Cycle Assessment 13(1): 57–64. 

Hospido, A., Moreira, M.T., Fernández-Couto, M. and Feijoo, 
G. (2004) Environmental performance of a municipal 
wastewater treatment plant. The International Journal of 
Life Cycle Assessment 9(4): 261–271. 

Hospido, A., Moreira, M. T., Martín, M., Rigola, M. and 
 Feijoo, G. (2005) Environmental evaluation of different 
treatment processes for sludge from urban wastewater 
treatments: Anaerobic digestion versus thermal processes 
(10 pp). The International Journal of Life Cycle Assess-
ment 10(5): 336–345. 

Hwang, Y. and Hanaki, K. (2000) The generation of CO2 in 
sewage sludge treatment systems: life cycle assessment. 
 Water Science and Technology 41(8): 107–113. 

Igos, E., Benetto, E., Venditti, S., Köhler, C. and Cornelissen, 
A. (2012) Comparative and integrative environmental as-
sessment of advanced wastewater treatment processes based 
on an average removal of pharmaceuticals. Water Science 
and Technology 67(2): 387–394. 

Jones, C., Laky, D., Galambos, I., Avendano, C. and Colvin, 
V.L. (2013) Life cycle analysis of two Hungarian drinking 
water arsenic removal technologies. Water Science and 
Technology – Water Supply 14(1):48–60.

Kalbar, P. P., Karmakar, S. and Asolekar, S.R. (2013) Assess-
ment of wastewater treatment technologies: life cycle ap-
proach. Water and Environment Journal 27(2): 261–268. 

Lai, E., Lundie, S. and Ashbolt, N.J. (2008) Review of multi-
criteria decision aid for integrated sustainability assessment 
of urban water systems. Urban Water Journal 5(4): 315–
327. 

Lazarova, V., Ruel, S.M., Barillon, B. and Dauthuille, P. (2012) 
The role of MBR technology for the improvement of envi-
ronmental footprint of wastewater treatment. Water Sci-
ence and Technology 66(10): 2056–2064. 

Li, J., Lin, C. and Huang, S. (2013) Considering variations in 
waste composition during waste input-output modeling. 
Journal of Industrial Ecology 17(6): 892–899. 

Lin, C. (2011) Identifying lowest-emission choices and en-
vironmental Pareto frontiers for wastewater treatment in-
put-output model based linear programming. Journal of 
Industrial Ecology 15(3): 367–380. 

Lorenzo-Toja, Y., Vázquez-Rowe, I., Chenel, S., Marín-Nav-
arro, D., Moreira, M.T., Feijoo, G. (2014) Eco-efficiency 
analysis of Spanish WWTPs using the LCA+ DEA meth-
od. Water Research 68(1):651–666. 

Loubet, P., Roux, P., Loiseau, E. and Bellon-Maurel,V. (2014) 
Life cycle assessments of urban water systems: A compara-
tive analysis of selected peer-reviewed literature. Water Re-
search 67: 187–202. 

Lundie, S., Peters, G. and Beavis, P. (2005) Quantitative 
 systems analysis as a strategic planning approach for metro-



221VATTEN · 4 · 15

politan water service providers. Water Science and Tech-
nology 52(9): 11–20. 

Lundin, M. and G. M. Morrison. 2002. A life cycle assessment 
based procedure for development of environmental sus-
tainability indicators for urban water systems. Urban Water 
4(2): 145–152. 

Lyons, E., Zhang, P., Benn, T., Sharif, F., Li, K., Crittenden, J., 
Costanza, M. and Chen. Y. (2009) Life cycle assessment of 
three water supply systems: importation, reclamation and 
desalination. Water Science and Technology – Water Sup-
ply 9(4):439–448.

Machado, A. P., Urbano, L. Brito, A.G., Janknecht, P., Salas, 
J.J. and Nogueira, R. (2007) Life cycle assessment of waste-
water treatment options for small and decentralized com-
munities. Water Science and Technology 56(3):15–22. 

Maurer, M., Schwegler, P. and Larsen, T.A. (2003) Nutrients in 
urine: energetic aspects of removal and recovery. Water Sci-
ence and Technology 48(1): 37–46. 

Meneses, M., Pasqualino, J.C., Céspedes-Sánchez, R. and Cas-
tells, F. (2010) Alternatives for reducing the environmental 
impact of the main residue from a desalination plant. Jour-
nal of Industrial Ecology 14(3): 512–527. 

Mohapatra, P., Siebel, M.A., Gijzen, H.J., van der Hoek, J.P. 
and Groot, C.A. (2002) Improving eco-efficiency of Am-
sterdam water supply: An LCA approach. Aqua 51: 217–
227. 

Mouri, G. and Oki, T. (2010) Modelling the catchment-scale 
environmental impacts of wastewater treatment in an ur-
ban sewage system for CO2 emission assessment. Water 
Science and Technology 62(4):972–984.

Mulder, A. (2003) The quest for sustainable nitrogen removal 
technologies. Water Science and Technology 48(1): 67–
75. 

Muñoz, I., Peral, J., Ayllón, J.A., Malato, S., Passarinho, P. and 
Domènech. X. (2006) Life cycle assessment of a coupled 
solar photocatalytic–biological process for wastewater 
treatment. Water Research 40(19): 3533–3540. 

Muñoz, I., Milà i Canals, L. and Fernández-Alba, A.R. (2010A) 
Life cycle assessment of the average Spanish diet including 
human excretion. The International Journal of Life Cycle 
Assessment 15(8): 794–805. 

Muñoz, I., Milà-i-Canals, L. and Fernández-Alba, A.R. 
(2010B) Life cycle assessment of water supply plans in 
Mediterranean Spain. Journal of Industrial Ecology 14(6): 
902–918. 

Nazer, D. W., Siebel, M.A., van der Zaag, P., Mimi, Z. and 
Gijzen. H.J. (2010) A financial, environmental and social 
evaluation of domestic water management options in the 
West Bank, Palestine. Water Resources Management 
24(15): 4445–4467. 

Nogueira, R., Brito, A.G., Machado, A.P. Janknecht, P., Salas, 
J.J. Vera, L. and Martel, G. (2009) Economic and environ-
mental assessment of small and decentralized wastewater 
treatment systems. Desalination and Water Treatment 4(1–
3): 16–21. 

O’Connor, M., Garnier, G. and Batchelor, W. (2013) Life cy-
cle assessment of advanced industrial wastewater treatment 
within an urban environment. Journal of Industrial Ecol-
ogy 17(5): 712–721. 

O’Connor, M., Garnier, G. and Batchelor, W. (2014) The 

trade-off between environmental impacts in water recy-
cling systems using industrial effluent. Journal of Industrial 
Ecology 18(5):771–783.

Owens, J. (2001) Water resources in life-cycle impact assess-
ment: Considerations in choosing category indicators. 
Journal of Industrial Ecology 5(2): 37–54. 

Pasqualino, J. C., Meneses, M. and Castells, F. (2011) Life cy-
cle assessment of urban wastewater reclamation and reuse 
alternatives. Journal of Industrial Ecology 15(1): 49–63. 

Petit-Boix, A., Sanjuan-Delmás, D., Gasol, C.M., Villalba, G., 
Suárez-Ojeda, M.E., Gabarrell, X., Josa, A. and Rieradevall. 
J. (2014). Environmental assessment of sewer construction 
in small to medium-sized cities using life cycle assessment. 
Water Resources Management 28(4): 979–997. 

Pillay, S., Friedrich, E. and Buckley, C.A. (2002) Life cycle as-
sessment of an industrial water recycling plant. Water Sci-
ence and Technology 46(9): 55–62. 

Remy, C., Lesjean, B. and Waschnewski, J. (2012) Identifying 
energy and carbon footprint optimization potentials of a 
sludge treatment line with life cycle assessment. Water Sci-
ence and Technology 67(1): 63–73. 

Remy, C., Miehe, U., Lesjean, B. and Bartholomäus, C. (2014) 
Comparing environmental impacts of tertiary wastewater 
treatment technologies for advanced phosphorus removal 
and disinfection with life cycle assessment. Water Science 
and Technology 69(8): 1742–1750. 

Renzoni, R and Germain, A. (2007) Life cycle assessment of 
water from the pumping station to the wastewater treat-
ment plant. The International Journal of Life Cycle Assess-
ment 12(2): 118–126. 

Risch, E., Loubet, P., Núñez, M. and Roux, P. (2014) How 
environmentally significant is water consumption during 
wastewater treatment – Application of recent developments 
in LCA to WWT technologies used at 3 contrasted geo-
graphical locations. Water Research 57: 20–30. 

Sablayrolles, C., Gabrielle, B. and Montrejaud-Vignoles, M. 
(2010A) Life cycle assessment of biosolids land application 
and evaluation of the factors impacting human toxicity 
through plant uptake. Journal of Industrial Ecology 14(2): 
231–241. 

Sablayrolles, C., Vialle, C., Vignoles, C. and Montrejaud-Vig-
noles, M. (2010B) Impact of carwash discharge on storm-
water quality (Toulouse, France). Water Science and Tech-
nology 62(12): 2737–2746. 

Shahabi, M. P., Anda, M. and Ho, G. (2014) Influence of site-
specific parameters on environmental impacts of desalina-
tion. Desalination and Water Treatment. DOI: 10.1080/1
9443994.2014.940653

Slagstad, H. and Brattebø, H. (2014) Life cycle assessment of 
the water and wastewater system in Trondheim, Norway–A 
case study. Urban Water Journal 11(4): 323–334. 

Stefaniak, J., Żelazna, A. and Pawłowski, A. (2014) Environ-
mental assessment of different dewatering and drying 
methods on the basis of life cycle assessment. Water Science 
and Technology 69(4): 783–788. 

Stokes, J. and Horvath, A. (2006) Life cycle energy assessment 
of alternative water supply systems (9 pp). The Interna-
tional Journal of Life Cycle Assessment 11(5): 335–343. 

Suridge, A. and Brent, A. (2008) Development of a water state 
index to assess the severity of impacts on and changes in 



222 VATTEN · 4 · 15

natural water resources. Water Science and Technology 
58(8): 1595–1600.

Tangsubkul, N., Beavis, P., Moore, S.J., Lundie, S. and Waite, 
T.D. (2005) Life cycle assessment of water recycling tech-
nology. Water Resources Management 19(5): 521–537. 

Tarnacki, K., Melin, T., Jansen, A.E. and van Medevoort, J. 
(2011) Comparison of environmental impact and energy 
efficiency of desalination processes by LCA Water Science 
and Technology – Water Supply. 11(2): 246–251. 

Tjandraatmadja, G., Sharma, A.K., Grant, T. and Pamminger, 
F. (2013) A decision support methodology for integrated 
urban water management in remote settlements. Water Re-
sources Management 27(2): 433–449. 

Uche, J., Martinez, A., Castellano, C., and Subiela, V. (2013) 
Life cycle analysis of urban water cycle in two Spanish are-
as: Inland city and island area. Desalination and Water 
Treatment 51(1–3): 280–291. 

Van der Helm, A.W.C., Rietveld, L.C., Bosklopper, Th, G. J., 
Kappelhof, J.W.N.M. and van Dijket, J.C. (2008) Objec-
tives for optimization and consequences for operation, de-
sign and concept of drinking water treatment plants. Water 
Science and Technology – Water Supply 8(3): 297–304. 

Venkatesh, G. and Brattebø, H. (2011A) Analysis of chemicals 
and energy consumption in water and wastewater treat-
ment, as cost components: Case study of Oslo, Norway. 
Urban Water Journal 8(3): 189–202. 

Venkatesh, G. and Brattebø, H. (2011B) Methodology for de-
termining life-cycle environmental impacts due to material 
and energy flows in wastewater pipeline networks: A case 
study of Oslo (Norway). Urban Water Journal 8(2): 119–
134. 

Venkatesh, G. and Brattebø, H. (2012A) Assessment of envi-
ronmental impacts of an aging and stagnating water supply 
pipeline network. Journal of Industrial Ecology 16(5): 
722–734. 

Venkatesh, G. and Brattebø, H. (2012B) Environmental anal-
ysis of chemicals and energy consumption in water treat-

ment plants: case study of Oslo, Norway. Water Science 
and Technology – Water Supply 12(2): 200–211. 

Venkatesh, G. and Brattebø, H. (2014) Studying the demand-
side vis-à-vis the supply-side of urban water systems – case 
study of Oslo, Norway. Environmental Technology 35(18): 
2322–2333.

Venkatesh, G., Hammervold, J. and Brattebø, H. (2009) 
Combined MFA-LCA for Analysis of Wastewater Pipeline 
Networks. Journal of Industrial Ecology 13(4): 532–550. 

Vera, L., Martel, G., Salas, J.J., Sardón, N., Nogueira, R., 
Brito, A.G., Faby, J-A. and Ramónet, A. (2009) Depuranat 
project: sustainable management of wastewater in rural ar-
eas. Desalination and Water Treatment 4(1–3): 59–68. 

Ward, S., Butler, D. and Memon, F.A. (2012) Benchmarking 
energy consumption and CO2 emissions from rainwater-
harvesting systems: an improved method by proxy. Water 
and Environment Journal 26(2): 184–190. 

Wenzel, H., Larsen, H.F., Clauson-Kaas, J., Høibye, L. and 
Jacobsen, B.N. (2008) Weighing environmental advan-
tages and disadvantages of advanced wastewater treatment 
of micro-pollutants using environmental life cycle assess-
ment. Water Science and Technology 57(1):27–32. 

Yasui, H., Komatsu, K., Goel, R., Matsuhashi, R., Ohashi, A. 
and Harada, H. (2005) Minimization of greenhouse gas 
emission by application of anaerobic digestion process with 
biogas utilization. Water Science and Technology 52(1–2): 
545–552. 

Yoshida, H., Clavreul, J., Scheutz, C. and Christensenet, T.H. 
(2014) Influence of data collection schemes on the life cy-
cle assessment of a municipal wastewater treatment plant. 
Water Research 56: 292–303. 

Zhang, Z. and Wilson, F. (2000) Life-cycle assessment of a 
sewage-treatment plant in South-East Asia. Water and En-
vironment Journal 14(1): 51–56. 

Zhou, J., Chang, V.W. and Fane, A.G. (2014) Life cycle assess-
ment for desalination: A review on methodology feasibility 
and reliability. Water Research 15(61): 210–223.


