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1 ABSTRACT

The growing population in cities (United Nations12) increases the pressure on water and energy
resources. Additionally, water and energy usesrdeerelated in manifold ways: for example, wageused

in the energy sector for cooling purposes and gnisrgsed for wastewater treatment (Jagerskog @0au).

The pressure on resources and their interlinkagesadling not only for a more efficient use of sasces

but for integrated and more sustainable solutioaging, in some cases, reuse indispensable. Fdoosg t
challenges, various innovative infrastructure aystehave been developed. The appropriate solutions
strongly depend on the particular context and rbasthosen carefully to shape the respective urlzdarw
energy nexus in a more sustainable way. When ingading new systems the following questions shoeld b
considered: What is their particular effect on tese efficiency? Which further impacts on the singtaility
performance of the urban water system do they Galsether research especially on methodological
approaches is needed to get answers to thoseansesti

Therefore, in this study a methodology for sustaiiityg assessment of new alternative water andtatoin
systems (NASS) was developed with a special fooufh@ urban water-energy nexus using as a casg &tud
city district in Chillan, Chile. The technologiesrfnew alternative water and sanitation system&eo
compared were chosen in close interaction with ldwl stakeholders. Moreover, regionally adapted
sustainability indicators were developed on thasbakthe Integrative Concept of Sustainable Dewelent
(ICoS) of the German Helmholtz Association (Kopftatilet al. 2001). In a first step, a preliminary et
indicators was developed from a scientific perspecbased on crucial aspects with regard to the
sustainability performance of different water isfracture systems. In a second step, the indicaters
further developed together with local and regimtakeholders.

Keywords: water-energy nexus, sustainability agees$ reuse, water infrastructures, urban planning

2 INTRODUCTION

More than half of the world’s population is curigriiving in cities. Due to UN prognosis this figamwill
raise by 2.6 billion up to 2050 and cities will leato absorb all the occurring population growththie
coming decades (United Nations 2011). The high [aimn concentration in cities, especially in biges,
leads to a strong pressure on resources to assmgaothers water and energy supply. Water manageme
systems worldwide have to meet important requirémealated to challenges as demographic change,
climate change, rising resource prices and inangasituations of water scarcity. Especially moexihility

and reuse options are required compared to thitiorzel linear water/urban drainage systems.

Therefore, new alternative water and sanitatiortesys (NASS) have been developed working on a
decentralized (household level) or semi-centraligeity district level) scale treating the often aeged
sectors stormwater, drinking water supply and weeter disposal in an integrative way. Those ressurc
oriented infrastructure systems are based on depatallection and selective treatment of differtioivs.
They aim at reuse of energy, material and watevslwithin the catchment and at providing a codgtigfifit
alternative or supplement to existing systems. Aaoimportant objective is high flexibility to copeith
both rapidly growing population in cities and slkiig population (mostly in rural areas) (see DWA0
for more information). Those new sanitation systdrage been implemented in several pilot projects at
different scales mostly in central and northerndper but also in other parts of the world, e.g. lin@
(Albold 2014, Nolde 2013, Bieker et al. 2010).

Water and energy are closely interrelated. Urbatemwservices cause high energy consumption as e.g.
conventional wastewater treatment but also wates as household level, especially warm water priaiic
are very energy intensive. In the last ten yeaes dtientific debate about the water-energy nexws ha
intensified and various assessment approachestie@vedeveloped. From the ‘energy for water’ pertsgec

REAL CORP 2018Proceedings/Tagungsband ISBN 978-3-9504173-4-0 (CD), 978-3-9504173-5-7r{pri E
4-6 April 2018 — http://www.corp.at Editors: M. SCHRENK, V. V. POPOVICH, P. ZEILE, PLESEI, C. BEYER, G. NAVRATIL



Sustainability Assessment of Urban Water InfrasgtmecSystems with Special Focus on the Urban Wanergy Nexus

looking at the energy demand related with watevises the focus of most assessment approaches is on
resource efficiency, mainly on energy intensiteas] on environmental impacts (Nair et al. 2014;\May et

al. 2011). This is also the fact in optimisatiorpegaches to find the best feasible solution fompiag,
design and operation of water systems where aguptdi Vakilifard et al. (2018) the importance ofspl
aspects is mostly not taken into account. Even ratileing is, however, that social and culturalexdp are
mostly not included in assessment approaches inwhter-energy nexus field, although the term
“sustainability” is often used.

There are, however, also approaches for a compseleesustainability assessment of water systems.
Nevertheless, the very common separation into enémaecological and social assessment criteria ¢gDsh

et al. 2015; Ma et al. 2015) has serious shortcgmiMultiple social primary goods that are esséritia
sustainability assessment are overlapping theseriariand cannot be addressed with a pillar approac
Therefore, an integrative sustainability conceps waveloped by the Helmholtz Association (Kopfmude

al. 2001) - the Integrative Concept of Sustaindbévelopment (ICoS). This concept is based on three
constitutive elements: 1) inter- and intrageneratigustice, 2) a global perspective regarding gaaid
strategies and 3) an enlightened anthropocentgooaph (for more details about the structure ofctbrecept
see Kopfmiller et al. 2001). For the operationdilirg these three elements were transferred inteeth
general sustainability goals. Based on these, antist sustainability rules were established defini
minimum requirements for sustainable developmesthasvn in table 1.

General sustainability goals

Securing human existence Maintaining society's pobisle Preserving society's options for
potential development and action
Substantial sustainability rules
Protection of human health Sustainable use of rablaw Equal access of all people to
resources information education and occupation
Ensuring satisfaction of basic needs Sustainaldeofinon-renewable Participation in societal decision-
resources making processes
Autonomous subsistence based onSustainable use of the environment|a€onservation of cultural heritage and
income from own work a sink for waste and emissions cultural diversity
Just distribution of chances for using  Avoiding technical risks with Conservation of the cultural function
natural resources potentially catastrophic impacts of nature

Reduction of extreme income or Sustainable development of man4{ Conservation of social resources (e|.g.
wealth inequalities made, human and knowledge capital tolerance or solidarity)

Table 1: Structure of the Integrative Concept oft&inable Development (ICoS), general goals andmini sustainability
requirements.

ICoS also defines instrumental sustainability rutemcerning the transformation process. Those are,
however, not included in the core assessment g1 dhidy as they mostly refer to regions or natiass
evaluation object and not to technologies. The tsulbisl as well as the instrumental sustainabrlites are
defined in a very general way and have to be couddixed in every case. Thus, according to ICoS
sustainability indicators are developed specificdtir every application case combining on one hand
scientific normative perspective and on the othaercha problem oriented approach involving stakedrsld

In this study, a methodology for holistic sustaifipbassessment is developed based on ICoS.dpjdied

for the comparison of a conventional centralizedewaystem with an innovative semi-centralized wate
system using a city district of Chillan, Chile, ascase study. The first step is the development of
sustainability indicators, discussed in sectiof\8.in literature about new alternative water anditasion
systems, they are often compared to the convemteammdralized system without explaining the reasins
the technological choice of the innovative systespgcial regard was given to transparent technabgice

in this study as presented in section 4.

3 DEVELOPMENT OF SUSTAINABILITY INDICATORS

The development of sustainability indicators waalired in several steps as described in section 3.1
Detailed explanation of the single indicators dm@lriesults obtained from the expert interviewspaesented
in section 3.2.
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3.1 Methodological approach

As a first step in the development of sustaingbilitdicators, a thorough literature analysis inahgd
research on new alternative water and sanitatistesys (Remy 2010; Hillenbrand 2009; Bieker ep@lL0;
Makropoulos et al. 2008; Sapkota et al. 2016 etegearch on the urban water-energy nexus (Jageetko
al. 2013; Perrone et al. 2011; Kenway 2013 etcWelbas studies focussing on sustainability aseess of
water services in the Latin American context (Ledtral. 2012; Kosow et al. 2013) was realized. Well-
established sustainability indicators were collécbeit also key parameters used in different assggsm
approaches were included. The whole process ofla@ng sustainability indicators is shown in figure

Literature review

Literature-based indicator set
for Latin America

Explorative expert
interviews

Case specific
indicator set

Systematizing
expert
interviews

Modified
indicator set

Fig. 1: Development of sustainability indicatorslirding scientific perspective and local expert\lasige in several steps.

As the assessment methodology is intended to sasvédbasis for decision support, assessment and
comparison of different water infrastructure systeshmall be possible without implementation of pilot
projects within the same region. Hence, the aito igllow for a prospective assessment without aveal
experiences and performance data under the frarkesooditions in which the decision shall be takgnis

was taken into account in the development of th&aguability indicator set. As far as possible ksuc
indicators were chosen to which performance datebeaobtained through modelling of material andgyne
flows occurring in the different infrastructure syms (or directly from literature on pilot projedtsother
parts of the world in which case the different feamork conditions have to be taken into account when
transferring information). This was fairly easyramlize for some rules or topics of ICoS and mafiecdlt

for others. As the methodology for sustainabiligs@ssment is developed using case studies in Latin
America, this was also the regional framework far first indicator development.

According to Kopfmuller et al. (2001) sustainalilihdicators have to fulfil numerous scientificnfitional,
practical and stakeholder driven requirements tette considered in this study. In order to asshes t
indicators adequately represent the problems aallieciges perceived in the society, cooperation \eitial

and regional experts and citizens in the developrokmdicators is necessary. This was realizedeveral
steps as shown in figure 1. First, explorative sstmictured interviews were conducted. Based on the
exploration of perspectives on sustainability avadles regarding the urban water-energy nexus and th
perceived potential of innovative water infrastuetsystems with reuse options the first literabhased set

of indicators was modified to obtain a case spedaifdicator set.

In a second step, systematizing expert interviesvsagegorized by Bogner and Menz (2009) based @n th
case specific indicator set as a detailed intervitnwrcture followed. In all interviews the positiof the
interviewer as well from a professional perspecbu¢ also the cognitive interest were revealedrdeoto
provide the interviewees with an information basisallow for opinion making about the interviewes a
postulated by Bogner and Menz (2009). In the syatzing interviews, the case specific set was dised

in detail with regional experts in order to getithestimation of the single indicators. The susthitity rules
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of ICoS were presented as topics as the term isre@shandle. Many criteria play a role to evatutie
suitability and quality of indicators (see Kopfrdillet al. 2001). In this study, relevaneas identified as
one important criterion for the evaluation of thdicators by stakeholders as it indicates to wegree the
proposed indicator represents the sustainabiligflehges perceived in the society. Besides thdtcators
have to fulfil practical requirements. Among thage applicability was identified as most important
addressing data availability, periodic updating esasonable effort for data acquisition.

The central criteria relevance and applicabilitjowed for a guided and structured discussion of the
proposed indicators. This was realized in bilatengletings with academic or research oriented expert
These were chosen as interview partners aftessttéist discussion within an expert workshop shothed
difficulty to discuss sustainability indicators {ibg very far from the daily work life) with professals from
local and regional administration without comprediea preparation of the topic. The workshop resubise
also included in the interpretation of the resblis show a lower information level than the restrtsn the
bilateral meetings.

A detailed joint discussion of the sustainabilitydicators with experts from local and regional key
institutions has to be conducted with more profopreparation which was not possible in the framdvadr
the conducted field work. This will be realized & second research stay. First, bilateral meetings t
exchange on sustainability indicators and secondound table to discuss jointly will take place.
Furthermore, the inclusion of affected citizens visry important. In this case, instead of detailed
sustainability indicators more general sustainggbdhallenges (based on the ICoS rules) would havee
used as a basis for the discussion. The resultthearbe included in order to identify up to whadygree the
developed sustainability indicator set overlapslite sustainability problems perceived by thezeits and
where no overlap exists which means that indicatddsess challenges that are not perceived asgonstih
the society or which problems exist that are ndéficgently covered by the sustainability indicatota the
ideal approach, those deficits have to be addreag@ih in a circular way by developing additional
indicators and modifying the existing ones.

3.2 Resulting sustainability indicator set

The expert interviews showed that stakeholdersuetadl relevance and applicability quite heterogsiyou

In table 1-3 a detailed explanation of the regibynaleveloped indicators and the reasons for their
development based on literature and explorativeegxmterviews is given. The results from the
systematizing interviews concerning the relevarfcé® indicator and the applicability are preseritethe
last four columns. Relevance and applicability sted in the table as tendency shown in the imgerv
results. The range of the corresponding answensdisated by the colour (green in case of quiteilaim
answers; yellow in case of more differing answees] in case of very diverging answers). Additional
information gained from the systematizing expetiviews is presented in additional columns.

Table 2 shows the indicators developed on the iddal level concerning the general sustainabilibalg
“Securing human existence”. The first indicator caming the first topic “protection of human healigthe
concentration of faecal coliforms [MPN/100 ml] inet receiving water bodies upstream and downstream o
the discharge points of the corresponding treatmplaints This indicator was developed based on
considerations about the direct link between waterd diseases and missing or insufficient sanitatio
systems (WWAP and UNESCO 2015). According to theririews this indicator seems to be quite relevant
as it was stated that this path presents the pahcontact to human beings as many illegal conmesexist

to use the river water for irrigation or filling sivimming pools. The answers were quite similaardong
relevance as indicated by the green colour. It nasever also pointed out that in the applicatioa th
productive activities in the area have to be takd#a account to consider their contribution to ploles
contaminations and especially to distinguish défércontamination sources. Moreover, it was comatent
that the distance upstream and downstream to Hobalige point have to be defined very carefullyetdam
available data. The applicability was estimatechweittendency towards medium but the answers differe
within a wide range between low and high applidggbils indicated by the red colour.
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SECURING HUMAN EXISTENCE

Topic Indicator Reason  for | Rele- Additional Applica- | Comment
development | vance | information on | bility regarding
of indicator relevance application
Concentration off Many severe high Presents al medium | Productive activities
faecal coliforms| waterborne important (potential
[MPN/100 ml] in| diseases ar exposure pathwa contamination
receiving water| directly linked for human beingg sources) to be
bodies upstream andto insufficient as there are man considered,;
downstream of sanitation illegal lack of data probable
discharge points of systems connections  for (no upstream contra|
the corresponding irrigation and is prescribed)
treatment plants swimming pools;
Concentration off Additionally high high Is measured
- faecal coliforms| to first according to the
S [MPN/100 ml] in| indicator regulation (DS 90)
2 effluents of the|l because easie
S specific treatment to apply
g plants
< Concentration off Groundwater | high In some sector] medium | Lack of data because
g faecal coliforms| often pit latrines exist no monitoring of
2 [MPN/100ml] in | influenced by contaminating faecal coliforms in
@ shallow aquifers sewer leakage groundwater but groundwater  takes
o possibly influenced high number groundwater  ig place;
o by wastewater of private dug not widely used
influence (sewage wells used for but through
leakage etc.) garden scattered privatg
irrigation dug wells
Average temperatureGiven the| Low No high density] medium
difference  between climatic of houses bu
urban zone and ruralconditions in wide streets and
environment in| the region hea lot of urban green
summer months (day stress can heat is not|
and night| present a perceived as 4
temperatures) [°C] | health problem as peopls
problem are used to it;
Interruptions of thg Constant High Supply High No data on
respective supply stable  wate interruptions innovative semi-
2 systems (hours persupply is seldom in curren centralized systems
3 year) essential  for| centralized systen| in Chile
5 good but possibly morg
@ sustainability frequent in the
e performance future; innovative
S systems might be
s prone to frequen
‘g interruptions;
:@ Interruptions of the Non-reliable | High Unlikely to | High No data on NASS in
& respective dischargefunctioning of happen in Chile, differences
= and disposal systemsthe  disposal centralized (level of
E (hours per year) system can system; higher maintenance...) to be
2 provoke health risk (less control) considered when
w issues in semi- transferring
centralized information from
system; European pilot
projects

Table 2: Sustainability indicators regarding thaegal sustainability goal “Securing human existénce
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MAINTAINING SOCIETY’S PRODUCTIVE POTENTIAL

D

UJ

per specific quantity
of nutrients

amount of sludge

applied;

metals
available

Topic Indicator Reason for | Rele- Additional Applica- | Comment
development of| vance information bility regarding
indicator on relevance application

Ratio of total waterl Well-established High Might becomel Medium | Data on
" demand to renewablgindicator (water more groundwater
g water resources in theexploitation  index, important in resources ang
3 basin of the Rig WEI); aim: scale up the future due also on update
g Chillan effects of NASS to to rising water water demand
p basin level to ses demand ang might be
% impact of residential declining difficult to
% savings on generg water resource obtain
S water situation (vs availability
= e.g. agriculture)
8 Ratio of  water| Greater level of detail High Medium | Water rights ng
3 extracted from Riqg in the assessment lik suitable
% Chillan to flows in| the specific impact o information
© Rio Chillan residential uses o basis for water
'S superficial water demand but
@ resources an actual
n information on extraction not
seasonal fluctuations measured, only
extraction point
N is monitored;
8 Energy demand fof Urban water| High Indicator hag High Seasons of th
g operation of urban infrastructure system educational year and
8 water system basedhave a high energ bearing as it corresponding
P on non-renewable demand especially o shows the| water sources
% resources per the household leve benefits of the have to be
2 supplied inhabitant | which is also innovative taken into
% included here; systems account in the
T analysis;
e Possible coverage aofNASS might presen| Medium | Presents ney Medium | Data on the
5 nutrient demand in higher potential tq business case sludge from
o subcuenca of the Ripuse sanitatior small farmers ESSBIO is
S Chillan by use of residues as fertilize to be necessary a
% WW  residues asto substitute minera prioritized,; use potential
s fertilizer (%) fertilizer due to the use of sludge depends or
8 higher quality of the restricted  to quality; data on
2 sludge that can b forestry, fruit use of
:n achieved in semi growing, fertilizers
e centralized systems. floriculture; available
% Conc. of parametersBunch of parameter| High Medium | Groundwater
o defined in Chilean as starting point to b should be
a regulationDecreto 90| further narrowed included in
= at corresp. dischargedown; parameter assessment;
gg points into rggularly momtorgd; greywater
S .% environment discharge points should comply,|
£ 2 defined in broad way with regulation
S % to include all for  irrigation
) discharge points ir uses (unde
:5_ @ the different systems development)
8 % Anthropogenic Sludges with| Medium | Currently, Low Emerging
3z pollutants from| different  qualities; sludge pollutants
% sanitation  residues possible pollution deposition probably  not
© (sewage sludge, referred to nutrients only allowed measured, only
'S blackwater digestate]) which should contro in forests data on heavy
3
n

Table 3: Sustainability indicators regarding thagyal sustainability goal “Maintaining society'sopluctive potential”.
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With regard to the topic “Sustainable use of their@enment as a sink for waste and emissions” (abket3)
the assessment presents some challenges. On thmamaethe first indicator is rather a bunch ofigatbrs:
it was discussed asoncentrations of parameters defined in the Chileagulation ‘Decreto 90’ at the
corresponding discharge points into the environm@#WTP effluent or greywater used for irrigation...)
The reason to choose those parameters defined megulation for waste water treatment plants stsuding
point was the fact that those parameters are rdguigonitored and well-established as quality ciite
However, the high number of parameters has to bbewad down in the course of the project. On thept
hand, the discharge points were defined in a vesgdway in order to include all different dischagpints
where emissions into the environment might occudifferent water systems. In innovative semi-cditeal
systems these might include green areas wheremratged irrigation water is applied or leakage frthre
blackwater treatment. Therefore, in the comparisiodifferent infrastructure systems the differempacts
linked to the different contamination paths (saduatic environment, direct human contact etc.ghawbe
taken into account. Thus, it is not possible targebne single threshold value or sustainabilitgea value

for the different paths that occur in the differesyustems. This makes a simple comparison of the

performance of the systems in this topic difficult.

PRESERVING SOCIETY’S OPTIONS FOR DEVELOPMENT AND AC TION

Topic Indicator Reason for | Rele- | Additional Applic | Comment
development of| vance | information on | a-bility | regarding
o indicator relevance application
S ﬁ Percentage of planningCannot be| High | Stakeholder Low/ Survey on
.g § processes including measured prior tq participation mediu | knowledge of
2 § | stakeholder implementation; required and m potential  userg
== participation purely used as requested in suc about  different
Sz background water water systemg
= g information infrastructure necessary
o & projects especially (without
B8 2 as residential use knowledge  no
£ are concerned; informed decision
o° making possible)
% Concentration of faecgl Rivers are used fo| High | People use rive| Mediu | Unclear  which
c coliforms  [MPN/100| bathing for bathing| m areas are used for
ks ml] in the receiving despite low wate bathing;
.5 water bodies used far quality due to lack monitoring of
‘g bathing upstream and of knowledge faecal coliforms
= downstream of the only in official
S discharge points of the bathing zones;
= corresponding
3 treatment plants
é’ Days of the year during Included as| High | Tourists only card Low Reduced
5 which the flow in the| indicator to asses if river falls dry residential watel
S river Chillan is below| impact of water and residents car uses might have
= the environmental flow| withdrawals for a little more but only small impact
%
S
@)

anthropogenic use
on the river quality
(assessed as cultur,

value for humans)

not much;

on water with-
drawals ("saved'
water used for
other purposes);

Table 4: Sustainability indicators regarding thaegal sustainability goal “Preserving society'siops$ for development and action”.

The topic “Participation in societal decision-makiprocesses” is also influenced by the water ibfuature
systems (see table 4). Depending on the framewankitons the existence of centralized serviceesyst
can lead to a poor power position of the individusérs towards big institutions or companies. Tioeeein
some situations the gain of power is one reasohnié of semi-centralized systems as it is assuthatlin a
semi-centralized system the individual user hasemnofluence on the operation of the system than in
centralized systems. Although the gain of powethefindividual user is no motivation for innovatisemi-

centralized systems in the study area Chillan gigettion is still an important issue to be taketo iaccount
as there might be indirect effects of infrastruetaystems on participation issues. However, thasaat be
measured prior to implementation. Therefore, a Bfieg indicator being thePercentage of planning
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processes including stakeholder participatloas been included in order to serve as backgrimiodnation
because no information on the different impactstlid compared systems can be obtained without
implementation. It was confirmed in the intervietliat such water infrastructure projects absolutetyired
participation especially as residential uses wetdressed and that participation was in general jigh
requested. It was, however, pointed out that a mgmber of environmental conflicts showed that in
decision processes information was taking place&usof participation. Another interesting aspbet was
pronounced was the need to do a survey on the tdvikhowledge of potential users in order to know
whether or to which level e.g. people buying a leoase aware of different water systems and their
implications which would be a prerequisite for imfeed participation in decision-making processes.

With regard to the topic “Just distribution of clan for using natural resources” no indicators Haaen
developed so far as the precise city district cowtl be determined by the time of the interviewgy C
districts with different levels of income might rece a different approach in the design of the esponding
indicators. Therefore, although this topic is iefhced by the type of water infrastructure system th
indicators will be developed later in the study ebhis still in progress.

The last of the sustainability topics discussedetasn ICoS that is influenced by water infrastruetu
systems is the “Conservation of the cultural fumctof nature”. The first indicator developed totttapic
was concretized to bathing zones based on stalerhfdddback. It was then defined @amcentration of
faecal coliforms [MPN/100 ml] in the receiving watsodies [used for bathing] upstream and downstream
of the discharge points of the corresponding tremtitrplants But it was also mentioned that unofficial
bathing zones exist which should be taken into @atbut where it might be difficult to obtain data.

In summary, 7 of the 15 sustainbility topics weomsidered important for the implementation of inakbye
water systems in the respective region. Usuallyiddi&ators were defined for each topic, one exoeps
‘human health’ with 4 indicators. This emphasides televance of human health with regard to theewat
related technologies.

4 SELECTION OF TECHNOLOGICAL COMPONENTS

In this study, special regard was given to a trareqt choice of the technologies which are impldetkin

the new alternative water and sanitation system38A First, potential technological components were
identified from a thorough literature analysis abexisting pilot projects which aim at a more sirsthle
design of the urban water-energy nexus and secomdof that compilation appropriate technological
components for the local context were selectedaseevaluation of the particular components bylloc
stakeholders as described in section 4.1. Thetrekthe technology choice which is the systemgleshat
will be modelled and compared to the conventioeati@lized system is presented in section 4.2.

4.1 Evaluation process

Special regard is given to the choice of the teldgyo components which are included into the NASS
compared to the conventional centralized systemst,Fcomponents that are implemented within pilot
projects (mostly in Europe) have been collectede $ami-centralized innovative system shall guasante
high standards with regard to supply security amdgssionalism. Decentralized components, howaway,
represent considerable hygiene risks due to laakahtenance etc. (Bieker and Cornel 2016). Houdeho
based solutions like compost toilets and urine+sejmn toilets according to some authors (Biekealet
2010) present problems in densely populated urbeasadue to hygiene, maintenance and disposaltpéiou
products. Those components were, therefore, nbtdad in the collection.

In order to compare water infrastructure systemzeg@ly suitable for the case study area, the tiagul
collection of potentially feasible technologies vtasn evaluated by local and regional experts. d&ssa
general evaluation of each possible component &spective incentives and barriers were inquired.
Therefore the interviewees were invited not tokstimo strictly to currently existing limitationsge.legal
restrictions but also to suggest ideas going beybatd A visualization of possible technologicahgmnents
and the respective water streams was used tosteutte answers and evaluations given by the iie@pes

as shown in figure 2.

The technology evaluation was first planned fooiatjexpert workshop in Chillan. Due to a low numbé
participants the evaluation was then continuedlatdral meetings between the researcher and oneooz
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experts from one institution in the premises of igpective institution in order to make the pgrttion as
easy as possible.

Heat recovery using heat exchanger Graywater freatment {incl. disinfection)

Evaluaton: O EE B B Evaluation: O EH DD E E

Incantives: Incantves :

Barriars; Barriars Oiihiar uses
Commeant: Commsnt : -

Use of treated greywater for imigation
of private gardens

Evaluaton: OO EHEE

Incentives;

Earriars :

Comment :

Fig. 2: Section of visualization of system compdseand possible flows which was used for evaluatitih experts.

4.2 Resulting system design
The results of the interviews showed very divergipinions on different technologies.

Collection of stormwater is already implementedareas where no stormwater collector exists andas e
mandatory in those areas. However it was pointeédhai depending on the use of that water the astmnit
company would have to treat a higher volume of emater compared to the metered supplied drinking
water. Furthermore, the seasonal variations have ttaken into account when designing a use corfaspt
there is almost no precipitation during summer)sd@hon that, the most favoured use of rainwatéwilist
flushing where it is preferred over treated grewwabecause implementation seemed easier to the
respondents. Due to lack of rain in summer, usérfigation would be restricted to a very shortipdror
huge storage capacities would be required and waefore evaluated as poorly feasible. The use of
rainwater for laundry was also seen as problemiaécause of seasonal quality fluctuations (smoke
contamination in winter and pollen in spring).

Greywater treatment including disinfection to alléar reuse of the water is seen mostly as favoarabl
However, some interviewees are also critical bexdhe price for drinking water is considered togoget

low compared to the investment needed for the gaggmvtreatment. Furthermore, the maintenance
requirements and the legal framework are seentasfia barriers for greywater reuse. One intengsigsue
can be found when looking at the different answ&hg sanitation company is named as potential dyabpgi
one interviewee but the sanitation company’s repredive himself assumes the operation of a greywat
system to be a potential new business case théit iméginteresting for his company in some new aréais
contradiction can be interpreted as a hint to atatiéyn or tendency of searching barriers and himdgr
aspects in the field of responsibility of otherksfaolders. But it also underlines that the questigho
operates such a system is seen as very importaatifiportant use of treated greywater is toilestiing in
times of insufficient rainwater. Another importamse is irrigation. However, there is no consensus o
whether a use for the irrigation of the privatedganrs of the house owners is preferable or whethgation

of public green areas by the municipality shouldobeferred. In this context the question of ownigramd
beneficiary has to be addressed. For example @sa where private house owners pay for the greywate
treatment but the municipality benefits through tise for irrigation of public green areas a rematien
would have to be paid. Referring to the existingaleframework it was pointed out that a regulation
greywater reuse is in progress which only allowes fas toilet flushing and for irrigation of privagardens.

A strong cultural barrier was seen for the useeadted greywater for laundry.

Concerning the use of greywater not only as mdtena also as an energy resource, heat recovery fro
warm greywater (using a heat exchanger) was diedumsd is clearly seen as promising. However, disésc
for the installation are seen as a barrier. Theegfa cost benefit analysis is required. It is painout that
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use of the recovered thermal energy not only fomwevater production but especially an integratidgthw
the heating system would be promising as the heratdd in winter is high and is causing considerable
pollution because wood stoves are a widespreasdbmlpy. Furthermore, a combination with solar tharm
systems which are already a well-established tdofggoin Chile is proposed by a majority of the
respondents.

Solar thermal heating systems were assessed gbgiby the interviewed experts. It was commenteat th
they function very well in summer but have a lirdifgotential in winter. Therefore, a combinationhiliteat
recovery from warm greywater was proposed. Adddilgn it was highlighted that subsidies for solar
thermal exists but only for social housing. Therefan other houses the costs for the installagiGnseen as
a possible barrier. An interviewed architect painbeit that solar thermal systems were no purchédisgion
and were therefore no longer implemented in nevsésu

Another technical option to reduce the energy deimdmat was evaluated together with the experts is
technical adiabatic cooling to substitute converdloair conditioning (AC). Although this was seem a
interesting to save energy and related costs iergént was pointed out that, as it is a new tebbgy, lack

of knowledge and maintenance might be a probletharChilean context and that the use of AC is moy v
widespread in Chillan anyway. Furthermore, the ganlevel of insulation is not very high and radiast
usually don’t exist. Therefore, the conditions #oproper functioning of technical adiabatic coolsygtems
were doubted. The only use option that was menticae possibly promising was the use in buildings,
especially in public buildings. In this case the wd treated greywater for technical adiabatic iogpivas
seen as a good option as rainwater is not availaktlee summer period and drinking water should et
wasted for cooling purposes. Given the strong eerrassigned to that component and the fact teatdbe
study is a residential district it will not be igrated in the design of the new infrastructureaysthat is to
be compared to the conventional system.

Adiabatic cooling through evaporation from greecafdes and green roofs was also discussed. It wailymo
seen as problematic because strengthening of thfe emd regular maintenance would be required both
causing high costs. In addition to that, a cultiya@rier was mentioned because people are notiéamiith

the technology and might fear problems with mowlidhfation. Furthermore, the interviews on sustaiitgbi
indicators showed consensus that heat island efeabdt a problem in Chillan. Therefore, green soof
green facades will not be part of the new infragttrte system that will be modelled and evaluatethin
further course of this project.

Solar heating systems for
warm water production

Water demand for
Greari o r green irrigation of public
ity green areas
Collection of rainwater

Technical adiabatic
cooling systems.
g 2 Greywater
Heat recovery from warm treatment
greywater (including
disinfection)
T

' . 1

i X | |

1 A \

! ~ Vaccum i
| | \ — | H
() . !
! Electricity Anaerobic Vaccum conveyance I

! production digestion system | Water demand for
! from biogas (Biogas plant) | irrigation of private
e e gardens

Vaccum system has to be further investigated and might be included in third
system/comparison case

Fig. 3: Resulting system design of the innovativaiseentralized system that will be modelled.
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For the disposal of the remaining blackwater strearacuum system was evaluated in a discussiontkéth
experts. The experts were asked for their evaloaifoa vacuum toilet and a vacuum conveyance system
separately in order to get a more detailed imagtherexisting barriers which might e.g. be techhic@ase

of the vacuum pipe and pump but cultural in cas¢hefvacuum toilet. The other components that were
discussed were the anaerobic treatment of the otnated blackwater and the use of the herewithyred
biogas for electricity production. The answers sbdwwo clearly different poles. Some interviewested

the whole vacuum system as unfeasible mainly dustring cultural barriers but also due to legal and
institutional barriers arguing that the sanitatmmpany had the concession for the wastewater shépo
Other respondents assigned a high potential tovéleeum system. They pointed out that the high water
savings would be a strong incentive and that tixereld be interest from agriculture to use the digiesas
fertilizer but commented that lack of knowledge htidpe problematic. As many and strong barriers were
named for the vacuum system it will not be includ®d the innovative system to be modelled, figit as
some experts on the other hand attributed a higéngal to the vacuum system it will have to betler
investigated whether it should be included in edtbystem as additional comparison.

Figure 3 shows the innovative system which willnbedelled and compared to the conventional cengmliz
system based on the results of the expert intesziew

5 CONCLUSION AND OUTLOOK

Aim of this study is to compare the sustainabitigrformance of different water infrastructure systen the
respective local context. For this purpose, difierevater infrastructures to potentially improve the
sustainability performance were chosen. Furtherpsustainability indicators were developed uponcivhi
the technology components should be compared. 8efis considered the expertise and judgementsalf lo
stakeholders.

Important infrastructure components are among ettter reuse of heat from warm grey water usingaa he
exchanger and the reuse of the greywater itsadf &ftatment and disinfection. Stormwater collettmd

use for toilet flushing is also seen as very pramgisNot considered as a technological option were
example green facades what might be a consequénbe tact that the heat island effect does noy pia
important role in the regional setting. The mos¢vant sustainability indicators according to loeaperts

are addressing the fields of human health and efdlstainable use of renewable and non-renewable
resources. Stakeholders had very different opinmmgelevance and applicability of the indicatorbe
reasons for the different perspectives will beHartanalysed in an upcoming workshop.

In a next step, the application of the chosen teldyies shall be modelled with the software SIMBA#e
results on the respective sustainability perfornreant the different systems shall be compared withou
implementing them in order to allow for prospectsastainability assessment as a contribution td-wel
informed decision making. Where possible, targéties for the resulting indicators will be definendaa
distance-to-target analysis for the different watefrastructure systems shall be carried out. The
sustainability assessment shall combine the gadintt values received from the modelling with semi-
gquantitative data on the system performance olidhnoen local stakeholders. The results from sustaility
assessment will finally be interpreted and vis@liallowing the use for decision support.

With regard to the development of sustainabilitgidators, the inclusion of affected citizens isoal®ry
important. In this case, the discussion could medan more general sustainability challenges reitjard
to the water-energy nexus instead of detailed aidis. By comparing those to the expert’s sustdithab
indicators, additional fields of actions (which @@ covered by the indicator set) could be idesdif
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