POLYTECHNIQUE

PCLYPUBLIE

A [
UNIVERSITE )

Polytechnique Montréal D'INGENIERIE

Operating a wastewater system at full capacity? Evaluating options
from centralized to decentralized using spatial multicriteria
analysis. Supplément

Titre:
Title:

Auteurs: 'Raja Kammoun, Olivier Sayegh-Lévesque, Martijn Kuller, Leila
Authors: Eamen, Dominique Claveau-Mallet, & Francoise Bichai

Date: 2026
Type: Article de revue / Article

Kammoun, R., Sayegh-Lévesque, O., Kuller, M., Eamen, L., Claveau-Mallet, D., &
LEL . 'Bichai, F. (2026). Operating a wastewater system at full capacity? Evaluating
Référence: : . . . : am Y :
.._..__. options from centralized to decentralized using spatial multicriteria analysis.
Citation: | Enyvironmental Challenges, 24, 101554 (15 pages).

https://doi.org/10.1016/j.envc.2026.101554

Document en libre acces dans PolyPublie
Open Access document in PolyPublie

URL de PolyPublie: . S
PolyPublie URL: https://publications.polymtl.ca/79275/

Matériel supplémentaire / Supplementary material

Version: Révisé par les pairs / Refereed

Conditions d’utilisation

Creative Commons Attribution 4.0 International (CC BY)
Terms of Use:

Document publié chez I’éditeur officiel
Document issued by the official publisher

Titre de la revue:

Journal Title: Environmental Challenges (vol. 24)

Maison d’édition:
Publisher:

URL officiel: . . .
Official URL: https://doi.org/10.1016/j.envc.2026.101554

Mention Iégale: © 2026 The Authors. Published by Elsevier B.V. This is an open access article under the
Legal notice: CC BY license (http://creativecommons.org/licenses/by/4.0/)

Elsevier BV

Ce fichier a été téléchargé a partir de PolyPublie, le dépot institutionnel de Polytechnique Montréal
This file has been downloaded from PolyPublie, the institutional repository of Polytechnique Montréal


https://publications.polymtl.ca/
https://doi.org/10.1016/j.envc.2026.101554
https://publications.polymtl.ca/79275/
https://doi.org/10.1016/j.envc.2026.101554

SUPPLEMENTARY MATERIAL

Text SI- 1: Detailed description of wastewater system configurations and planning
considerations

Centralized systems—characterized by extensive sewer networks conveying wastewater to large-
scale facilities for centralized discharge—have historically been the dominant model in
industrialized countries and large communities due to their perceived efficiency, reliability, and
economies of scale [1-5]. This dominance reflects the broader Modern Infrastructural Ideal, within
which large-scale, capital-intensive infrastructure was prioritized to ensure sanitary performance
and regulatory compliance [1]. However, traditional centralized systems present notable limitations
related to high land and energy requirements, elevated capital and operating costs, and constrained
opportunities for resources recovery and sustainability [6-8].

In contrast, decentralized wastewater systems offer an alternative configuration by operating closer
to wastewater sources and handling comparatively smaller volumes at the scale of individual
building or small clusters [9]. Such systems span a broad range of configurations, from septic tanks
and leach fields to compact treatment units, constructed wetlands, membrane-based package plants,
and other modular or nature-based technologies [9, 10]. Decentralized solutions can reduce
conveyance requirements and enable phased implementation, offering greater flexibility and
adaptability, often with lower upfront infrastructure investments [7, 11, 12]. These characteristics
make decentralization particularly attractive in low-density or rapidly expanding settlements and
in areas where sewers extension is financially or technically challenging [13]. However,
decentralized options are not determined solely by cost-efficiency considerations; their adoption
and design are also influenced by local actors, institutional arrangements, land availability, and
regulatory constraints, which can lead to heterogeneous solutions across jurisdictions [4]. Their
long-term performance additionally hinges on local management capacity, operation, and
maintenance, and can be sensitive to hydrogeological, demographic, and regulatory contexts [7,
11].

Between these two poles, hybrid systems have emerged as an intermediate strategy that integrates
centralized and decentralized components by deploying satellite or cluster-scale treatment units
that serve small groups of buildings, typically between four and twelve households, without relying
on full sewer network extensions. Such configurations enable localized treatment while still
benefiting from shared infrastructure and coordinated operational oversight, often reducing capital
and maintenance costs compared to stand-alone or fully individualized solutions [14, 15]. Satellite
treatment facilities, co-located with advanced treatment technologies, can facilitate water reuse or
nutrient recovery in semi-urban and peri-urban areas, while easing pressure on aging centralized
infrastructures [14, 15].

Soleimani [16] illustrates a range of possible configurations through six alternatives spanning fully
centralized to fully decentralized systems, including several hybrid options in between. These
include flexible systems with urine and graywater separation for nutrient recovery, collaborative



arrangement that share treatment functions between on-site and centralized facilities, and
environment-friendly systems that route graywater to centralized plants and blackwater to satellite
units to reduce emissions and support recover resources.

Urban wastewater system selection is constrained by demographic growth, climate pressures, and
resource limitations[17, 18]. These challenges are particularly acute in small and medium-sized
cities, where limited technical and financial capacity, ageing infrastructure, and stringent
environmental requirements narrow the range of feasible options. Under such conditions, selecting
wastewater treatment systems is far from a purely technical exercise. It involves navigating multi-
objective decision spaces that combine environmental performance, lifecycle costs, operational
reliability, land availability, technological maturity, institutional capacity, and compliance with
regulatory frameworks[14, 17, 19, 20]. The decision landscape is further complicated by
heterogeneous stakeholder priorities—from utilities and regulators to community actors and
property developers—as well as spatial constraints such as proximity to water bodies,
hydrogeological vulnerability, and compatibility with existing infrastructure[21-23]. As a result,
solution pathways vary widely across jurisdictions, reflecting localized socio-technical,
environmental, and institutional contexts rather than any universal optimum. These complexities
highlight the need for structured decision-support approaches capable of systematically comparing
alternatives, integrating stakeholder preferences, and managing planning uncertainties, and
addressing trade-off[22]. In the context of wastewater management, such methodologies provide a
formal basis for evaluating, ranking, and selecting infrastructure configurations[7].



Text SI- 2: Detailed explanation of the development and structuring of decision objectives

A master list of objectives was first developed to support systematic elicitation and reduce omission
bias. It compiles a broad set of objectives derived from literature and case experiences, helping
stakeholders articulate concerns that might otherwise be overlooked. This approach has been
shown to increase both the diversity and completeness of objectives’ elicitation in complex public
planning contexts, including wastewater infrastructure [24].

The list was compiled through a review of academic and grey literature on wastewater decision-
making, with emphasis on criteria used in previous MCDA applications. Existing decision
frameworks were examined to identify commonly applied evaluation dimensions [16, 19].
Regulatory standards and guidelines from Quebec and North America [25, 26] were also
incorporated to ensure alignment with policy and technical requirements.

Literature highlights that spatial decision-making for wastewater planning has typically focused on
technical and physical constraints, including topography, land use, hydrology, and proximity to
infrastructure, with the primary objective of minimizing costs and maximizing efficiency [27, 28].
Thus, GIS-MCDA applications emphasize technical feasibility, while environmental and social
dimensions remain weakly integrated. To our knowledge, no GIS-MCDA framework for
centralized systems explicitly evaluates the feasibility of connecting unsewered areas to existing
collection and treatment networks, revealing a gap in current planning approaches. Similarly,
spatial selection of decentralized infiltration systems is mainly driven by soil
permeability/thickness, groundwater vulnerability, and terrain constraints, with limited
consideration of equity, governance, and sustainability [29, 30].

In contrast, non-spatial MCDA studies place greater emphasis on environmental performance,
pollutant removal, resource recovery, and stakeholder and social acceptance [14, 19]—dimension
largely absent from spatial frameworks. This divergence highlights the need to extend GIS-MCDA
to multidimensional objectives beyond technical constraints. Table SI-1 summarizes the dominant
drivers and constraints for surface water discharge system (SDS) and onsite wastewater treatment
facility with infiltration (OWTF) systems reported in the literature, with detailed sources and
criteria description.

Objectives were then formulated following three principles: defining the decision context,
specifying the object of concern, and clarifying the preferred direction of the objective. Here, the
context is the strategic selection of wastewater management solutions. For example, "maximize
water infiltration into the soil" identifies water infiltration as the object, with greater infiltration
representing the preferred direction. All objectives were expressed in clear, measurable terms to
ensure consistent evaluation and maintain preferential independence among criteria [31].

16 decision objectives were identified and structured to meet the case study requirement. These
objectives span technical feasibility, spatial constraints, economic considerations, environmental
protection, and public health, ensuring alignment with established decision-making frameworks
and planning priorities.
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Objectives were organized into two perspectives: locations where systems can be implemented
most effectively (opportunities) and area where intervention is most needed (needs). This structure
enables the joint assessment of feasibility and benefits within the GIS-MCDA framework.

Two system-specific hierarchies were developed to distinguish infiltration-based systems (A) from
surface discharge and centralized systems (B). Systems (A) prioritize objectives such as
maximizing infiltration potential, reducing groundwater resurgence, and integrating with planned
developments, whereas systems (B) emphasize minimizing infrastructure conflicts, reducing sewer
network overuse, and limiting excavation and pumping costs.

Each objective was linked to a measurable spatial attribute to ensure operationalization within the
GIS-MCDA analysis. For instance, soil permeability/thickness and groundwater depth assess
infiltration feasibility, while sewer network proximity and bedrock depth capture infrastructure and
cost constraints. This hierarchical structure enables a transparent translation of planning goals into
spatial decision rules. The complete list of objectives and attributes for perspectives is provided in
Tables SI-2 and SI-3.



Table SI- 1: Common spatial decision criteria used in spatial and non-spatial MCDA
approaches for wastewater systems planning.

Criteria Interpretation SDS OWTF Sources

Topography The slope and elevation of the land must be v [28, 32-38]
considered to ensure the feasibility of
construction and effective wastewater flow.

Land Use The existing and planned land use must be v [28, 39]
assessed to avoid conflicts with residential
areas or other sensitive uses.

Depth to The groundwater table should be V4 [23, 32, 36,

groundwater table sufficiently low to avoid waterlogging of 38]
underground structures and minimize the
risk of tank flotation.

Hydrology The proximity to surface water bodies must v [34, 35, 40,
be considered to minimize environmental 41]
risks and to comply with regulations.

Distance to The treatment system should be located V4 [23, 33, 35,

receiving water close to the receiving water body to reduce 42]

body transportation and pumping costs.

Distance from The system should be placed away from N4 [23, 28, 34-

settlement residential and potentially developing areas 36, 38, 42]
to minimize visual, odor, and noise
disturbances.

Proximity to The distance to existing sewer networks and [27,43]

infrastructure transportation routes must be minimized to
optimize construction and operational costs.

Distance to The site should be accessible by major roads [23, 28, 32-

access or railways to facilitate the transportation of 35, 38, 42]

roads/railroad equipment and materials.

Slope The slope of the terrain should ideally range v [23, 30, 44-
between 0% and 8%, as slopes greater than 47]
15% create challenges for the installation of
drainage fields.

Soil Permeability  The soil’s infiltration capacity must be N4 [23, 29, 30,
sufficient to allow for decentralized 45,47, 48]

wastewater treatment systems.




Depth to On-site wastewater systems require at least N4 [23, 29, 45,
groundwater table 1 m of separation between the drainage field 46, 49]
and the groundwater table to maintain
effective pollutant filtration and pathogen

removal.
Groundwater The vulnerability of groundwater to V4 V4 [14, 29, 30,
Vulnerability contamination must be assessed based on 32,37,42,

the depth and permeability of the soil. 50, 51]
Social The concerns of stakeholders and the v v [14, 19]
Acceptance potential for public opposition must be

considered.
Environmental The impacts on biodiversity, greenhouse gas v [14, 19]
Impact emissions, and overall sustainability must be

considered.

Note: SDS = surface water discharge system; OWTF = onsite wastewater treatment facility with infiltration;



Table SI- 2: Master list of objectives of the opportunities’ perspective developed based on

literature, existing frameworks and guidelines.

Opportunities perspective: Prioritizing sites offering the best opportunities for setting up a wastewater

system

Objectives (example of attribute or indicator)

WWT type

Avoid exposure to recurrent flooding (presence of a flood plain, presence of bodies OWTS, hybrid

of water)

OWTS, SDS,
hybrid SDS

Prioritize integration into future real estate developments (planned real estate

development)

SDS, hybrid SDS

Promote integration into future road works (planned road works)

hybrid SDS

Maximize wastewater system adaptability to development density (projected volume
of wastewater [m’])

OWTS, hybrid
OWTS, SDS,
hybrid SDS

Maximize placements on sites with enough space (percentage of available area per

OWTS, hybrid

site [%]) OWTS

Avoid interfering with public easements (¢ype of public easement) OWTS, hybrid
OWTS, SDS,
hybrid SDS

Maximize water infiltration into the soil (soil type)

OWTS, hybrid
OWTS

Avoid interfering with existing buildings (distance from building footprint [m])

OWTS, hybrid
OWTS, SDS,
hybrid SDS

Minimize groundwater-induced flooding (water table height [m]))

OWTS, hybrid
OWTS, hybrid
SDS

Avoid interfering with existing underground and overhead infrastructure

(distance from underground infrastructure [m])

OWTS, hybrid
OWTS, SDS,
hybrid SDS

Minimize overload in sewer networks and treatment plants (percentage of use of SDS

the sewer network [%] or percentage of use of the treatment plant [%])

Avoid potential contamination (distance to landfill or contaminated sites [m])

OWTS, hybrid
OWTS, SDS,
hybrid SDS



Minimize pumping costs (distance between site and the nearest sewer line [m]) OWTS, hybrid
OWTS, SDS,
hybrid SDS

Minimize excavation costs related to rock depth (rock depth [m]) OWTS, hybrid
OWTS, SDS,
hybrid SDS

Prioritize sites with suitable slopes (slope [%]) OWTS, hybrid
OWTS, SDS,
hybrid SDS

Minimize connection costs (distance between site and the nearest sewer line [m]) OWTS, hybrid
OWTS, SDS,
hybrid SDS

Minimize the distance between the WWT and the receiving waterbody (distance to  Hybrid OWTS
bodies of water [m])

Note OWTS: Onsite Wastewater Treatment System (septic tank with drain field for individual household); Hybrid OWTS:
Moving Bed Biofilm Reactor (MBBR) with drain field (cluster of approximately 10 houses); SDS: Surface Discharge System

(connection to centralized wastewater treatment facility); Hybrid SDS: MBBR with surface discharge (cluster of approximately
10 houses).

The OWTS include (A1) individual septic tanks connected to individual drain fields, and (A2) cluster-scale moving bed biofilm
reactors (MBBR) connected to a polishing bed serving approximately ten households.

The SDS include (B1) cluster-scale MBBR with surface discharge, and (B2) connection to the centralized WWTF.



Table SI- 3: Master list of objectives of the needs’ perspective developed based on literature,

existing frameworks and guidelines.

Needs’ perspective: Prioritize sites with the greatest need for wastewater system
implantation

Objectives (example of attribute or indicator) WWT type
Reduce surface water vulnerability (bacteriological and physicochemical quality OWTS, hybrid
index and surface water availability indicator - horizon 2011-2040) OWTS, SDS,

hybrid SDS
Reduce groundwater vulnerability (DRASTIC index) OWTS, hybrid
OWTS, SDS,
hybrid SDS
Minimize the number of days beaches are closed (Number of days exceeding OWTS, hybrid
bathing water quality standards per urban drainage basin [days]) OWTS, SDS,
hybrid SDS
Minimize noise and odor levels (Distance to settlement [m]) hybrid SDS

Minimize reliance on electricity for system operation (Presence of aerial power grid) OWTS, hybrid

OWTS, SDS,
hybrid SDS
Maximize the distance between the treatment facility and drinking water supply OWTS, hybrid
wells (Distance to wells [m]) OWTS, SDS,
hybrid SDS
Maximize the distance between the treatment facility and bodies of water (Distance OWTS, hybrid
to bodies of water [m]) OWTS, SDS
Minimize overflows (Overflows intensity index per urban drainage basin) OWTS, hybrid
OWTS, SDS,
hybrid SDS
Maximize access to green spaces (Distance to a green space [m]) hybrid OWTS

Maximize the reuse of biosolids (Distance to sludge treatment facilities [m])

OWTS, hybrid
OWTS

Minimize the effect of heat islands (Temperature class)

hybrid OWTS

Note OWTS: Onsite Wastewater Treatment System (septic tank with drain field for individual household); Hybrid
OWTS: Moving Bed Biofilm Reactor (MBBR) with drain field (cluster of approximately 10 houses); SDS: Surface
Discharge System (connection to centralized wastewater treatment facility); Hybrid SDS: MBBR with surface

discharge (cluster of approximately 10 houses).

The OWTS include (A1) individual septic tanks connected to individual drain fields, and (A2) cluster-scale moving bed

biofilm reactors (MBBR) connected to a polishing bed serving approximately ten households.

The SDS include (B1) cluster-scale MBBR with surface discharge, and (B2) connection to the centralized WWTF.
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Text SI- 3: Detailed swing weighting procedure, hierarchical weight calculation, and weighted
linear combination (WLC) aggregation method

Stakeholder preferences were elicited using the swing weighting method to quantify the relative
importance of decision objectives. This method evaluates the relative importance of improving
each objective from its worst to its best level while all other objectives remain at their worst level
[31].

The weighting process was applied hierarchically. At the first level, high-level objectives were
scored and normalized to derive their weights:

S

Eq.(1)

w; = T
b=15b

Where W;: the weight of high-level objective 7, S; its score, n: the number of high-level objectives,
and b: the index of high-level objectives.

t the second level, sub-objectives under each high-level objective were scored independently and
normalized. Their final weights were computed as:

Ya=15a

Where W;: the weight of sub-objective i, Si: its score, m: the number of sub-objectives under high-
level objective /, and a: the index of sub-objectives

w; X Wy Eq.(2)

Spatial criteria were aggregated using a weighted linear combination (WLC) method, a commonly
used approach in GIS-based multi-criteria decision analysis[52].

The overall suitability score for each alternative A;is calculated as:

V(4D = ) wi X v(an) Eq. (3)
k=1

Where V(4;): Overall value of the alternative 1, wi: Weight of the criterion k, v(ai): Value of the
alternative I on criterion k, n: number of criteria, i: Alternatives index (spatial unit), and 4: the
criterion index.

This aggregation produces a composite suitability score reflecting both criterion performance and
stakeholder-defined weights. Higher values indicate better alignment with decision objectives.
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Table SI- 4: Value scales of the objectives related to opportunities for systems with infiltration
(A1 and A2) in the final hierarchy.

Higher Lower objective Attributes Suitability Weight
C . Classes
objective score (%)
1. Maximize 1.1 Maximize water Soil type Impervious 0 0.12
system infiltration into the soil (categories) Low
performance permeability 0.25
Moderate 0.5
Permeability ™
Permeability 0.75
High 1
permeability
1.2 Minimize Thickness of the 0 0 0.1
groundwater-induced  unsaturated layer 3 0.25
flooding [m] 35 0.5
4 0.75
5 1
2. Maximize 2.1 Prioritize Areas planning Absence 0 0.13
integration integration into future real estate
into urban real estate development Presence 1
planning developments (boolean)
2.2 Maximize Projected volume 20 0 0.11
wastewater system of wastewater 15 0.2
adaptability to (m?) 12 03
development density 6 05
5 0.7
4 0.8
3.24 1
2.2 Maximize Projected volume 3.24 0 0.11
wastewater system of wastewater 4 0.2
adaptability to (m?) 5 03
development density™ 6 05
12 0.7
15 0.8
20 1
3. Minimize 3.1 Maximize Percentage of 100 0 0.12
conflicts with placements on sites available area per 75 0.25
urban with sufficient space  site (%) 65 0.5
infrastructure 55 0.75
50 1
40 0 0.16
50 0.25
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Percentage of use 60 0.5
of the sewer 75 0.75
o network (%) 80 1
3.2 Minimize overload Percentage of use 40 0
in sewer networks and of the treatment 50 0.25
treatment plants plant (%) %0 0.5
75 0.75
80 1
4. Limit costs 4.1 Limit connection  Distance between 100 0 0.11
costs site and the 150 0.25
nearest sewer line 3 05
(m) 450 0.75
1000 1
4.2 Limit pumping Distance between 100 0 0.08
costs site and the 1000 0.25
nearest sewer line 550 05
(m) 5000 0.75
10000 1
4.3 Limit excavation =~ Rock depth(m) 0 0 0.07
costs linked to rock 1 0.25
depth 2 0.5
3 0.75
4 1
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Table SI- 5: Value scales of the objectives related to needs for systems with infiltration (A1
and A2) in the final hierarchy and elicited weight.

Higher Lower objective  Attributes Suitability Weight
o, Classes
objective score (%)
5. Maximize 5.1 Reduce Bacteriological and Good (80- 0 0.1
sustainable surface water physicochemical 100)
protection of vulnerability quality 1pdex Satisfactory
water resources (categories) (60-79) 0.25
Doubtful
40-59) 0
Bad (20-39) 0.75
Very bad 1
(0-19)
Surface water high 0
availability indicator - moderate to
horizon 2011-2040 hi 0.5
. igh
(categories)
moderate 0.75
low 1
5.2 Reduce DRASTIC index 180 0 0.15
groundwater (categories) 170 095
vulnerability -
160 0.5
150 0.75
100 1
6. Maximize 6.1 Minimize the Number of days 0 0 0.1
the well-being number of days  exceeding bathing 10 025
of the beaches are water quality standards -
population closed (days) 15 0.5
20 0.75
30 1
6.2 Maximize Distance to a green 0 0 0.07
access to green  space (m) 300 0
spaces™
525 0.25
750 0.5
975 0.75
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1200 1
7. Maximize 7.1 Minimize Presence of aerial Absence 0 0.09
public health reliance on power grid (boolean)
protection electricity for Presence 1
system operation
7.2 Maximize the Distance to wells (m) 30 0 0.17
distance between
the treatment 45 0.25
facility and 50 0.5
drinking water 100 0.9
supply wells :
200 1
7.3 Maximize the Distance to bodies of 300 0 0.13
distance between water (m) 320 025
the treatment -
facility and 340 0.5
bodies of water 360 075
400 1
8. Maximize 8.1 Minimize Overflows intensity Nil or not 0 0.06
adaptation to overflows index per urban applicable
climate change dramagq basin Very low 02
(categories)
Low 1
Medium 1
High 1
Very high 1
8.2 Maximize the Distance to sludge 100000 0 0.09
reuse of treatment facilities (m) 70000 0.25
biosolids* 60000 0.5
50000 0.75
25000 1
8.3 Minimize the Temperature class 1 0 0.04
effect of heat (categories) 3 0.25
islands* 5 0.5
7 0.75
10 1
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Table SI- 6: Value scales of the objectives related to opportunities for systems with surface

discharge (B1 and B2) in the final hierarchy and elicited weight.

Higher objective Lower objective  Attributes Suitability Weight
Classes
score (%)
1. 1.1 Minimize the Distance to bodies 300 0 0.09
. distance between of water (m)
Igdggnr?lze the WWTF and 320 0.25
Y the receiving 340 0.5
performance
waterbody* 360 075
400 1
1.2 Minimize Water table height 0 0 0.08
groundwater- (m)
induced flooding 3 0.25
3.5 0.5
4 0.75
5 1
2. 2.1 Prioritize Areas planning Absence 0 0.12
Maximi integration into  real estate
axtmize future real estate development
integration into u P Presence 1
. developments (boolean)
urban planning
2.2 Prioritize Planned Absence 0 0.07
integration into  infrastructure
upcoming projects (boolean) presence 1
roadworks
2.3 Maximize Projected volume 3.24 0 0.16
wastewater of wastewater
4 0.2
system (m3)
adaptability to 5 0.3
development 6 05
density ;
12 0.7
15 0.8
20 1
3. 3.1 Minimize Presence of public Presence 0 0.09
Minimize conflicts with utility (boolean)
: : infrastructure Absence 1
conflicts with
existing urban 3.2 Minimize 80 0 0.15
infrastructure overload in 75 025
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sewer networks

60 0.5
and treatment Percentage of use
plants of the sewer 50 0.75
network (%) 40 1
Percentage of use 80 0
of the treatment
plant (%) 75 0.25
60 0.5
50 0.75
40 1
4. 1000 0 0,09
Limit costs Distance between 450 0,25
4.1 le'1t site and the . 300 0.5
connection costs nearest sewer line
(m) 150 0,75
100 1
100 0
41 Limit Dizstaﬁzet Ill)etween 150 0,25
connection stie d © 300 0,5
costs® nearest sewer line
(m) 450 0,75
1000 1
10000 0 0,06
Distance between 5000 0,25
4.2 lelt site and the . 2500 0.5
pumping costs nearest sewer line
(m) 1000 0,75
100 1
100 0
Distance between 1000 0,25
4.2 L1m1t . site and the . 2500 0.5
pumping costs nearest sewer line
(m) 5000 0,75
10000 1
o 0 0 0,09
4.3 Limit 0o
excavation costs 25
linked to rock Rock depth (m) 0,5
depth
3 0,75




17




18

Table SI- 7: Value scales of the objectives related to needs for systems with surface discharge
(B1 and B2) in the final hierarchy and elicited weight.

Higher

Suitability Weight

objective Lower objective Attributes Classes score (%)
5. 5.1 Reduce Bacteriological ~ Very bad (0-19) 0 0.15
Maximize ~ Surface water — and _ Bad (20-39) 0.25
sustainable vulnerability physicochemical
protection of quality index Doubtful (40-59) 0.5
water resources (categories) Satisfactory (60-79) 0.75
Good (80-100) 1
Surface water low 0
availability moderate 05
indicator - -
horizon 2011- moderate to high 0.75
2040 (categories) high 1
5.1 Reduce Bacteriological ~ Good (80-100) 0
surface water ~ and .
vulnerability*  physicochemical Satisfactory (60-79) 0.25
quality index Doubtful (40-59) 0.5
(categories) Bad (20-39) 0.75
Very bad (0-19) 1
Surface water high 0
aval lability moderate to high 0.5
indicator -
horizon 2011- moderate 0.75
2040 (categories) low 1
5.2 Reduce DRASTIC index 180 0 0.14
groundwater (categories) 170 025
vulnerability -
160 0.5
150 0.75
100 1
6. 6.1 Minimize =~ Number of days 30 0 0.11
o the number of  exceeding
M th, .
W;)f_llr)ré ljleg OF days beaches bathing water 20 0.25
the population '€ closed quality standards 15 0.5
(days) 10 0.75




19

Higher

Suitability Weight

objective Lower objective Attributes Classes score (%)
0 1
6.1 Minimize =~ Number of days 0 0
the number of  exceeding 10 025
days beaches bathing water -
are closed* quality standards 15 0.5
(days) 20 0.75
30 1
6.2 Minimize Distance to 100 0 0.09
noise and odor  settlement (m)
levels* 150 0.25
300 0.5
450 0.75
1000 1
7. 7.1 Minimize Absence 0 0,11
Maximize reliance on Presence of aerial
. electricity for ~ power grid
plrl:tlelz tlil;?lth system (boolean) Presence 1
P operation*
7.2 Maximize 30 0 0,18
the distance 45 0.25
between the Distance to wells
treatment (n11) W 50 0,5
fagilit.y and 100 0.9
drinking water
supply wells 200 1
8. Very high 0 0,16
Maximize Overflows High 0
adaptation to intensity index :
. i Medium 0
climate change i;/lei\f/{ggsmze per urban
drainage basin ~ _LOW 0
(categories) Very low 0,2
Nil or not applicable 1
Overflows Nil or not applicable 0
8 1 Minimize intensity index Very low 0,2
overflows™ per urban 1
drainage basin ~ _LOW
(categories) Medium 1
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nghe'r Lower objective Attributes Classes Suitability Weight
objective score (%)
High 1
Very high 1
30 0 0,06
8.2 Maximize 45 0,25
the reuse of Distance to golf
50 0,5
treated course (m)
wastewater* 100 0,9
200 1
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M 1.1 Maximize water infiltration into the soil

M 1.2 Minimize groundwater-induced flooding

M 2.1 Prioritize integration into future real
estate developments

2.2 Maximize wastewater system
adaptability to development density

M 3.1 Maximize placements on sites with
sufficient space

M 3.2 Minimize overload in sewer networks
and treatment plants

W 4.1 Limit connection costs

W 4.2 Limit pumping costs

M 4.3 Limit excavation costs linked to rock
depth

Figure SI- 1: Weighting of sub-objectives related to opportunities for systems with
infiltration (A1 and A2).

W 5.1 Reduce surface water vulnerability
M 5.2 Reduce groundwater vulnerability

M 6.1 Minimize the number of days beaches are
closed

6.2 Maximize access to green spaces*

M 7.1 Minimize reliance on electricity for system
operation

M 7.2 Maximize the distance between the
treatment facility and drinking water supply

wells .
B 7.3 Maximize the distance between the
treatment facility and bodies of water

H 8.1 Minimize overflows

B 8.2 Maximize the reuse of biosolids*

Figure SI- 2 : Weighting of sub-objectives related to needs for systems with infiltration (A1
and A2). Values represent the mean weight obtained from » respondents (n=6).



22

M 1.1 Minimize the distance between the
WWT and the receiving waterbody*

1.2 Minimize groundwater-induced flooding

2.1 Prioritize integration into future real
estate developments

2.2 Prioritize integration into upcoming
roadworks

M 2.2 Maximize wastewater system
adaptability to development density

M 3.1 Minimize conflicts with infrastructure

B 3.2 Minimize overload in sewer networks
and treatment plants

W 4.1 Limit connection costs

W 4.2 Limit pumping costs

M 4.3 Limit excavation costs linked to rock
depth

Figure SI- 3 : Weighting of sub-objectives related to opportunities for systems with surface
discharge (B1 and B2). Values represent the mean weight obtained from » respondents (n=6).

W 5.1 Reduce surface water vulnerability

m 5.2 Reduce groundwater vulnerability

M 6.1 Minimize the number of days beaches are
closed
6.2 Minimize noise and odor levels*

H 7.1 Minimize reliance on electricity for system
operation

B 7.2 Maximize the distance between the
treatment facility and drinking water supply

wells
H 8.1 Minimize overflows

B Maximize the reuse of treated wastewater*

Figure SI- 4 : Weighting of sub-objectives related to needs for systems with surface discharge
(B1 and B2). Values represent the mean weight obtained from » respondents (n=6).
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Figure SI- 5: Suitability maps of system with infiltration (A1 and A2) attributes related to
opportunity objectives in the final hierarchy: a) soil type; b) water table height; c) areas
planning real estate development; d) projected volume of wastewater; e) projected volume of
wastewater®; f) percentage of available area per site; g) percentage of available area per site*;
h) percentage of use of the sewer network; i) distance between site and the sewers; j) distance
between site and the sewers; k) rock depth.
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Figure SI- 6: Suitability maps of system with infiltration (A1 and A2) attributes related to
need objectives in the final hierarchy: a) bacteriological and physicochemical quality index;
b) DRASTIC index; ¢) number of days exceeding bathing water quality standards; d)
distance to a green space; e) presence of aerial power grid; f) distance to wells; g) distance to
bodies of water; h) overflows intensity index per urban drainage basin; i) distance to sludge
treatment facilities; j) temperature class.
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Figure SI- 7: Suitability maps of system with surface discharge (B1 and B2) attributes related
to opportunity objectives in the final hierarchy: a) distance to bodies of water*; b) water table
height*; c¢) areas planning real estate development; d) planned infrastructure projects; e)
projected volume of wastewater; f) presence of public utility; g) percentage of use of the sewer
network; h) percentage of use of the sewer network*; i) distance between site and the sewers.
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Figure SI- 8: Suitability maps of system with surface discharge (B1 and B2) attributes related
to opportunity objectives in the final hierarchy (continued) : j) distance between site and the
sewers*; k) distance between site and the sewers; 1) distance between site and the sewers* m)
rock depth.
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Figure SI- 9: Suitability maps of system with surface discharge (B1 and B2) attributes related
to need objectives in the final hierarchy: a) bacteriological and physicochemical quality
index; b) bacteriological and physicochemical quality index*; ¢c) DRASTIC index; d) number
of days exceeding bathing water quality standards; e) number of days exceeding bathing
water quality standards*; f) distance to settlement; g) presence of aerial power grid; h)
distance to wells; i) overflows intensity index per urban drainage basin; j) overflows intensity
index per urban drainage basin*; k) distance to golf course*.
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