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S1. Database on Drinking Water Treatment Technology Selection Tool

There are two classes of technologies within this database: i. Water treatment unit processes
(large/medium scale) and ii. Packaged drinking water purification systems (small scale). Both classes
are evaluated against similar criteria and indicators. Each technology or unit process occupies one
worksheet, which is divided into eight sections. Each section provides a range of information which is
used in the process of technology selection and decision making.

51.1. Section 1: Technology description

This section gives an overview of each unit process/package (see Figure S1). This starts with the
name of technology, treatment capacity, and lifespan. There are some other questions, e.g., level of
treatment and source of influent which can be purified by this particular technology; this information
can be used for narrowing down the decision. At the end of this section, a list of the published literature,
brochures, images, and technical reports on the technology is provided.



1. TECHNOLOGY DESCRIPTION
Comments
APEC Light Commercial Reverse Osmosis
Name of technology X
Water Systems (RO-LITE-360 with UV)

Total volume of treated water the technology can produce (m® per day)? 1.36

Technology lifespan (years)? 2 (1£x <5years)

Which sources of water can be treated with this technology? All

Does the technology need post-treatment? If so, please indicate here No

Does the technology address physical contamination? Yes

Does the technology address chemical contamination? Yes

Does the technology address biological contamination? Yes

Is the technology suitable for rurallurban areas? Both

Does it require frequent monitoring? No

Is there any published lierature, brochures, images, technical reports available? Yes

It s0, please provide sources Niip:/www.ireed r.|nIkLn %\u:elltf:“com,f nght-
1st Stage
High-Grade 5 micron 20" high-capacity polypropylene sediment filter —removes dust, particles, and rust (US Made) More info
2nd Stage
Premium Extruded Carbon Block 5 micron 20" —removes chlorine, odour, organic contaminants, pesticides, and cysts. (US Made) More Info
3rd Stage
Premium Extruded Carbon Block 5 micron 20" —removes residual chlorine and VOC, extends membrane life. (US Made) More Info
4th Stage
Select Filmtec (Dow Chemical) High Rejection TFC Reverse Osmosis Membranes — Remove up to 99.9% of most chemicals, dissolved solids, metals, bacfen'a,|
and viruses. (US Made) More Info
5th Stage
Advanced Coconut Shell Refining TCR (Total Contamination Removal) Carbon 12" —removes any residual impurities and odours from the tank. (US Made)
Tank-14
Premium 14 gallon pressurized tank. More Info
RO System Components
Standard with system: Lead-Free, long reach faucet Food Grade tubing, and Complete Installation Hardware which includes Wrench, feed water valve, drain
saddle valve, teflon tape and instruction manuals.

Figure S1. Worksheet Section 1: Technology Description.

51.2. Section 2: Technology installation

This section provides fundamental information on installation or construction of the technologies

(see Figure S2). For instance, it is asked if the technology needs installation or construction, whether
skilled workers are required, and how easy the technology can be installed or constructed. In addition,

a question regarding land requirement is included in this section.

2. TECHNOLOGY INSTALLATION

Comments
Does the technology require construction/installation? No
Does its construction/installation require skilled labour? No - end-user can install it
Is the technology easy to install? 5 (Very easy)
Indoor or outdoor installation? Indoor
How long does the installation/construction take (days)? 0
How many hours of labour in total is required to install/construct? 0
Area of land required to install the technology including storage tanks (m?)? 0.25

Additional infarmation on technology installation-

Figure S2. Worksheet Section 2: Technology installation.
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51.3. Section 3: Technology Operation and Maintenance (O&M)

This section (Figure S3) may be considered as the most important section of the technology library,
since the information provided here is associated with a range of indicators (e.g., O&M costs, energy
consumption, degree of automation, and process maturity) influencing the final decision. To ease and
speed up the process of completing the questions, drop-down lists are provided.

3. TECHNOLOGY OPERATION AND MAINTENANCE
Comments
Technical ability required to operate the technology (ease of operation)? 5 (No/low skilled personal necessary)
Technical ability required to operate the technology (ease of maintenance)? 5 (No/low skilled personal necessary)
Degree of automation 5 (Fully automated operation)
Process maturity Operational at target capacity
Total amount of waste produced (kg per m3)? - Non-toxic
Does the technology need external power source? Yes-please indicate in the comment box Electrical/Solar
How much energy (net energy) is required to produce 1 m3 of treated water (kWhim3)? 2 (10 < x £ 100 kWh/m?)
Availability of spare parts and consumables 3 (Most key spare parts only available abroad)
Additional information on technology operation:

Figure S3. Worksheet Section 3: Technology Operation and Maintenance.

S§1.4. Section 4: Maintenance Activities

This gives an overview of the activities that should be undertaken for maintaining a technology
(Figure S4). In this section, maintenance activities (e.g., changing filters, desludging, and topping up
chemicals) and the frequency of each activity are identified.

4. MAINTENANCE ACTIVITIES (please add rows for additional activities if required)

Frequency of Annual cost of each
- . Time required for activity (hours)

Maintenance activi
Yy maintenance activity activity (INRs)

Activity 1 (toping up disinfectant)

Activity 2 (e.g. maintenance of pumps etc Annually 1 _

Activity 3 (e.g. desludging)

Activity 4 (e.g. changing filters) Annually 1 6500
Activity &
Additional information on maintenance activities:

Figure S4. Worksheet Section 4: Maintenance activities.

51.5. Section 5: Chemical Requirement

This section provides a list of chemicals that must be used for operating and maintaining the
technology (Figure S5). Similar to the previous section of the worksheet (Figure S4), in some cases and
for some chemicals, no information on costs is available. In addition, the level of availability of
chemicals (e.g., local, regional, or national) is identified; this helps identify how accessible the chemicals
are in the area of interest.
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5. CHEMICAL REQUIREMENT FOR OPERATION & MAINTENANCE

’ Quantity required (g/m3 : On which level is it
Name of chemical and purpose Ciee Unit cost (Rps./kg) available?
Chemical 1 anti-scalant dosing ? ? Mational
Chemical 2 lime stone re-mineralization (post-treatment) e.g. trickling filter lime 70 €/tn = 5 INR/kg Local
Chemical 3 flocculant dosing e g. FeCI3 (eventual pre-freatment) 2-5 250 €/tn = 18 INR/kg Regional

Additional information on chemical requirements:

Figure S5. Worksheet Section 5: Chemical Requirement for Operation and Maintenance.

51.6. Section 6: Cost of Technology

This section provides total and annualized costs of technologies. In this table, both capital and
O&M costs are broken into small elements; for example, for CAPEX, the costs of land, equipment, and
construction/installation are included (Figure S6). Some parameters, such as land costs and labor costs,
are scenario-based, which means that the questions will be asked in the user interface (tool) and will be
answered by the end-user.

Cost/m3 of tretaed water
6. COST OF TECHNOLOGY Total cost (Rps.) (Rps.) (life span Comments

consideration)

1000 I/h operational

CAPEX 688,000 3 (10 < x £ 100 INR/m?3) 12h/d
Land (Not required here - but captured via user interface) excluded
Equipment included
Construcion and Installation included
OPERATIONS AND MAINTENANCE 3 (10 <x =100 INR/m?) | 000 '/2;:;:“0"3'
Energy (Not required here - but captured via user interface) included
Labour costs (Not required here - but captured via user interface) included
Chemicals (total of Section 5) included
Waste disposal excluded
Maintenance activiies (fotal of Section 4) included

Additional information of technology cost:

Figure S6. Worksheet Section 6: Chemical Requirement for Operation and Maintenance.

51.7. Section 7: Social aspects

Social aspects (see Figure S8) and their indicators are mainly addressed in the user interface, due
to the divergences between end-users in India due to differences in the styles and standards of living
in different regions.

7. SOCIAL ASPECT

Indicators Rate Comments
Technology affordability (Not required here - but captured via user interface)

Social acceptance (Not required here - but caplured via user interface)

Willingness to pay (Not required here - but captured via user interface)

Additional information on social aspecls:

Figure S7. Worksheet Section 7: Chemical Requirement for Operation and Maintenance.
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S1.8. Section 8: Contaminant removal

This section provides information on the effectiveness and efficiency of each unit process or
packaged technologies in the removal of different contaminants (Figure S8). If the effluent quality for
a package does not meet the Indian standards for drinking water, the package cannot be listed for
further evaluation.

More than 60 water quality parameters/contaminants are listed in this table; however, due to lack
of data for many of the contaminants, we only included the following contaminates in the tool: i.
Arsenic, ii. Faecal coliform, iii. Fluoride, iv. Iron, v. Lead, vi. Nitrate, vii. pH, viii. Total dissolved solids,
and ix. Turbidity.

8. TECHNOLOGY PERFORMANCE (please fill in as much as possible for the relevant unit process)

Influent quality this technology can

Does the effluent quality

treat: meet the drinking water

R 1 I dards in India? (Mot
Parameter Unit Effluent qualit Comments
quatity (efficiency) (0] ired here — but
Minimum Mazimum _
captured via user
interface]
Treatment flow rate m3iday

Microbiological parameters

Enterococci na.100ml ez

Escherichia coli na.100ml Yes date avsilable
Faecal coliform no_100ml Yes date available
Coliform bacteria no.100ml Yes date available
rstiden perbingans o.100ml es

Colony counts no.100ml Yes

Eryprosponidiam panem Avgno. 101 es date available

Fhysical parameters

Colour mail Ptlco Yes

Turbidity NTU Yeas

Taste [Dilution) Jat25C Yes

Odour (Dilution] JaZ5C ez

pH 6.5-10.0 Yes

Conductivity pStem Yes

Total dissolved solids mgfl Yes

Hardness mofl as CaCo Yes

Chemical parameters

Aluminium ugll Ves date suailable
Antimory wall “Ves

Arsenic wuall Yes date available
Boron wall “Ves date auailable
Cadmium uall “es date available
Chremium wall “Ves date auailable
Copper uall “es date available
Iron pall Yes date available
Lead uall Yes date available
Manganess ugll Ves date suailable

Mercury pall Yes date available

Figure S8. Worksheet Section 8: Technology performance in terms of contaminant removal.

S2. Overview of the Main Forms in WETSUiIT

WETSUIT is a multi-device application which can be run on any MS Windows, Android, and iOS
devices. WETSUIT is designed in a way that suits any user with basic knowledge on decision making
processes and/or computer science. The main tabs/pages on WETSUIT are described below:

S§2.1. Welcome to WETSUIT

This tab (Figure S9) provides a brief introduction to the WETSUIT Tool and gives some information
about the project Water4India funded by the European Commission under FP7 Programme (W41 2016).
On the lower right side of the tab, there is a button which takes the user to the next tab (WETSUIT user
Information).
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Welcome to WETSUIT User Context Raw Water Criteria Results: MCDA | Results: MOGA
WETSUIT Information Definition Source Selection Solution Solution

Q

-

——

WETSUIT

India, as one of the countries with a rapid urbanisation trend, faces multiple challenges and pressures on its water resources. The anticipated
growth in population and the economy and rapid urbanisation are likely to increase domestic water consumption. The water and energy-efficient
design of water treatment works (WTWs) is a complex process inveolving the simultaneous optimisation of a number of criteria, which can be
grouped into the four categories of financial, technical, social and environmental objectives. Design factors to be decided include choices of unit
process at each of a number of stages in the treatment train. In turn, these are constrained by factors such as influent water quality and quantity,
budget and availability of skills and materials.

Given the above challenges and possible solutions, and in order to make wise decisions, it is important to provide suitable Decision Support
Systems (DSS) to the policymakers, authorities and water experts. Here in this report we present the novel WETSUIT (WatEr Treatment decision
SUpport software Tool).

WETSUIT is designed as a Multi-Platform Multi-Criteria Analysis Application (MPA) which can be installed and used on any MS Windows, Android
and Apple devices. In order to ease the process of finding the optimal solutions, keeping in view technical, environmental, social and economic
aspects, both Many-Objective Optimisation (MOO) and Multi-Criteria Analysis (MCA) are used in WETSUIT. The former is a many-dimensional
approach in which each objective is treated as equally important and facilitates the ultimate design selection by a human Decision Maker (DM);
the latter is a single dimensional approach in which the performance criteria are pre-assigned weightings so that the final decision is automatic.

WETSUIT User Info == >

Figure S9. Main tabs on WETSUiT: Welcome to WETSUIT.

52.2. User Information Tab

As can be seen in Figure S10, the user is asked to input their title, name, affiliation, and job title.
The user also needs to answer a question regarding the interface; there are a number of message boxes,
tips, and alerts which improve the user’s experience in working with WETSUIT. By answering ‘No’ to
the question “Would you like to use tips, alerts, and other help messages while using WETSUiT?”, no
help boxes, messages, or tips will be shown to the user.

The last question on this tab is on the user type, where the user will log in as either a “Standard
user” or “Expert user”. The standard user will be presented with information on the tabs that does not
require them to be a water treatment expert. The expert user will be presented with extra options that
allow additional control of the unit processes, evaluation criteria, and contaminant levels to be edited.
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Welcome to WETSUIT User Context Raw Water Criteria Results: MCDA | Results: MOGA
WETSUIT Information Definition Source Selection Solution Solution

Please provide information on your name, organisation, position and level of expertise

E
Title: Mr o

Name: <name>

‘Organisation: <organisation>

Position: <position>

Would you like to use tips, alerts and other help
messaages while usina WiSDOM?

Level of expertise: 4 » + v

=tion ot e wialer sunface wale sl plart, e Tope o

<< < Welcome to WETSUIT Context Definition >>>

Figure S10. Main tabs on WETSUiT: User Information.

52.3. Context Definition

This tab enables the users to define/create a new scenario. As illustrated in Figure 511, this tab asks
the user to provide information regarding the geographical location of the case study, e.g., state/region
and city/town. Population, per capita water consumption, land availability, leakage, and possible
amount of investment are the other factors that should be input on this page. The user is also required
to clarify the targeted type of solutions (full-scale, community, or household systems). The other focus
of this tab is the operation and maintenance implications (e.g., O&M annual costs, electricity supply
continuity, availability of spare parts, and technical availability for running and maintaining the
systems in the area). The list of saved projects in WETSUiT is provided in “List of projects” at the bottom
right-hand side of the tab.

There are a number of navigator tools in the different tabs of WETSUIT. Different buttons of the
navigator tool are illustrated in Figure S12. Each button provides a different function.
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Welcome to WETSUIT User Context Raw Water Criteria Results: MCDA | Results: MOGA
WETSUIT Information Definition Source Selection Solution Solution

Please provide information on your water treatment project

Name of project: <name of project> Average income (Rupees/person per month): 0
City/Town/Village: =city> Budget available for capital costs (Rupees): 0

State/Region: <state> Budget available for annual OM costs (Rupees/year): 0

Population te be served: 0 Iz the electricity supply continucus (24/7)7

Types of solution (optional): | Full-scale systems = | Availability of spare parts: ll {Most spare parts only available abroad) - |

The treated water is going to be used for: | All the household uses ~ Technical ability available for OM: I 5 (No/low skilled personal necessary) ¥

Water consumption (litres per person per day): 0 List of projects:

<name of project>
Leakage (percent of produced water): 0

Land price (Rupees/square meter): 0

Land available for the treatment plant (square meter): 0

+ v

<<< WETSUIT User Info Raw Water Source >>>

Figure S11. Main tabs on WETSUIT: Context Definition.

+ — v
@ (b) ©

Figure S12. Navigator tool on WETSUIT. Button (a): create a new record, (b): delete/remove a record
and (c): save changes.

52.4. Raw Water Source

On this tab, the user is required to input information on available raw water sources. As can be
seen in Figure S13, the first question is on the type of water source (namely: river water, groundwater,
or tap water (for household packages only)). It is noteworthy that in each project (created in the context
definition tab), several water sources can be defined. However, only one water source will be
considered for evaluation and optimization at a time. This tab allows the user to provide all the
information on the raw water source required to perform calculations in WETSUIT, including the
maximum, minimum, and average (concentration) values on different contaminants and water quality
parameters. On the right-hand side of the tab (Figure 513), a table (i.e., grid) is presented that shows
the pollutant data to be considered in the evaluation process. This table includes some default values
for pollutant concentrations. The table at the bottom of the tab presents the Indian standards on
drinking water.
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Welcome to WETSUIT User Context Raw Water Criteria Results: MCDA | Results: MOGA
WETSUIT Information Definition Source Selection Solution Solution

‘ Please provide information on raw water source(s)

|Water source type: | Groundwater ‘Water source Name/ID: <water source>

List of available water sources Name QualityMin | QualityMax ' QualityAvg
pH 65 75 7

Fecal coliform (no./100ml) 15 175
Turbidity (NTU) 12 135

DS (ma/l)

Hardness (mgy| as CaCo3)

Iren (ug/l)

+ — Arsenic (pg/T)

Fluoride (mg/l)

Lead (ug/l)

Mitrata fmmrill

<water source>

Volume of water available for threatment (m3/day):

Water demand (cubic meter per dayk (M)

Volume of water still needed for treatment facility (m3/d): 0

Indian standards on drinking water

Code  Water quality parameters Requirement [Acceptable Limit)  Permissible Limit in The Absence of Alternative Source
pH 6.5-8.5 Mo relaxation
Fecal coliform (no./100ml) 0 N
Turbidity (NTU) 1 5
TDS {mg/l} 500 2000
Hardness (mg/| as CaCo3) 200 600
Tron {ug/l) 300 No relaxation
Arsenic (ug/l) 0.01 0.05
Flucride (ma/l) 1 15
| ead fun/l n.o Mo relavation

<< < Context Definition Criteria Selection > > >

Figure S13. Main tabs on WETSUiT: Raw Water Source.

G2.5. Criteria Selection/Evaluation

On this tab, the most important criteria are presented in a table and the user (of any type/class) can
select or deselect any of the criteria for the optimization process based on their preferences (see Figure
514 and Figure 515). On this particular page, expert users can see an additional question at the bottom
of the tab: “Would you like to modify criteria/indicators?” (Figure S15). If the answer is “No”, the user
can press the Calculate MCDA button to see the multi-criteria results (for the packaged technologies)
or click the Optimise—GA button to start the evaluation process by multi-objective genetic algorithm
optimization (for the centralized systems). If the answer is “Yes”, a flow chart with all criteria and sub-
criteria will be shown (Figure S16). On this tab flow chart, the connections and relations between
different criteria and sub-criteria (i.e., indicators) are shown. This would assist the user in the process
of selecting/deselecting criteria and setting weights to the selected criteria. In addition to the flow chart
(diagram), a tick-box is included on the top of this tab; by unticking this tick-box, a table including all
criteria and sub-criteria will be shown (Figure S17).
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B =y

Welcome to WETSUIT User Context
WETSUIT Information Definition

Criteria Results: MCDA | Results: MOGA
Selection Solution Solution

|A5pects

|Criteria

Economic

Economic

Anmualised specific CAPEX

Annualised specific OPEX

Technical
Technical

Skill requirements

Reliability

Socio-economic
Socio-economic

Socio-economic

Affordability of drinking water
Public health benefits

End consumer: Ease of use

Environmental
Environmental
Environmental

Waste generation
Net energy consumption
Land requirement

K& KR & &R R R

v

<<< Raw Water Source Calculate MCDA l l Optimise - MOGA

Figure S14. Main tabs on WETSUIT: Criteria Selection/Evaluation—first form (standard users ONLY).

Welcome to WETSUIT User Context
WETSUIT Information Definition

Results: MCDA Solution > >>

A 202020 0 s =)

Criteria Results: MCDA | Results: MOGA
Selection Solution Solution

|A59ects

|Criteriz

Economic

Economic

Anmualised specific CAPEX

Anmualised specific OPEX

Technical
Technical

Skill requirements

Reliability

Socio-economic
Socio-economic

Socio-economic

Affordability of drinking water
Public health benefits

End consumer: Ease of use

Environmental
Environmental
Environmental

‘Waste generation
Net energy consumption
Land requirement

clli s sl fealfes fiallisl B}

v

Would you like to modify MCDA critsria[mdlmtors?

< << Raw Water Source Caleulate MCDA ‘ ’ Optimise - MOGA l

Figure S15. Main tabs on WETSUIT: Criteria Selection/Evaluation—second form (expert users ONLY).

Results: MCDA Solution > >>
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WETSUIT

Information Definition

Source

Welcome to ‘ WETSUIT User Context ‘ Raw Water

Criteria Results: MCDA | Results: MOGA
Selection Solution Solution

Image of connections between different criteria and indicators (untick the check box to go to the evaluation tables)

o=
-

PN

Would you like to maedify MCDA criteria/indicators’

<< < Raw Water Source | Calculate MCDA ‘ l Optimise - MOGA l Results: MCDA Solution > >>

Figure S16. Main tabs on WETSUIT: Criteria Selection/Evaluation—third form: table presenting all
criteria and sub-criteria (expert users ONLY).

WETSUIT Information Definition

Source

Welcome to WETSUIT User Context ‘ Raw Water

Criteria Results: MCDA | Results: MOGA
Selection Solution Solution

Image of connections between different criteria and indicators (untick the check box to go te the evaluation tables)

Aspects
Economic

Economic
Economic
Economic
Economic

Economic

Economic
Economic
Economic
Technical
Technical
Technical
Technical
Technical
Technical
Technical
Technical
Socio-economic
Secio-economic
Secio-economic
Secio-economic

Socio-economic

Secio-economic

Criteria
Annuzlised specific CAPEX (Rupee)

Annualised specific OPEX (Rupee/year)
Annualised specific OPEX (Rupee/year)
Annualised specific OPEX (Rupee/year)
Annualised specific OPEX (Rupee/year)
Annualised specific OPEX (Rupee/year)
Annuzlised specific OPEX (Rupeeryear)
Annualised specific OPEX (Rupee/year)

Info Active for optimization  Weight (0 to 1)
- 4] 0.8

Sum of indicators 3, 4,5, 6,7 and 8
Met energy costs annualized

Costs for consumables annualized

Costs for spare parts annualized

Maintenance costs annualized

Labour costs annuzlized

Cost for waste disposal annualized

Annualised specific TOTEX (Rupee/m3-water produced) -

Skill requirements (qualitative)
Skill requirements (qualitative)

Skill requirements (qualitative)

Skill requirements (qualitative)
Reliability (qualitative)

Reliability {qualitative)

Reliability {qualitative)

Reliability (qualitative)

Affordability of drinking water
Acceptability of technology {qualitative)
Acceptability of technology (qualitative)
Acceptability of technology (qualitative)
Acceptability of technology (qualitative)
Public health benefits (qualitative)

This includes all of its sub-criteria
Unskilled workers

Trained operators

Professional operators

This includes all of its sub-criteria

Process maturity

Accessibility of spare partsDependence on external power

System response to feed water quality changes

This includes all of its sub-criteria
Confidence in water trestment technology
Confidence in produced water quality
Confidence in refiability of water supply

=

<< < Raw Water Source

Figure S17. Main tabs on WETSUIT: Criteria Selection/Evaluation —fourth form: diagram on the criteria

Waste (kg waste ter produced)

Sum of indicators 11 and 12 [7] Active/inactive

‘Would you like to medify MCDA criteria/indicators

l Calculate MCDA ]

’ Optimise - MOGA

and sub-criteria (expert users ONLY).

Results: MCDA Solution >>>

On the fourth form of this tab (Figure S17), the expert user can express their preferences by ticking
(enabling) any criteria. The list of ticked criteria and sub-criteria is used for the optimization process by
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multi objective genetic algorithm optimization. In the next column (to right), the user can select a weight
assigned to each of the selected (enabled) criteria. The weights are used in the treatment train evaluation
calculations by the multi-criteria decision analysis to determine the overall score on which different
treatment trains can be compared. Although WETSUIT is designed to operate with up to 10 criteria for
optimization, a trade-off may exist between potentially each and every pair of criteria. Therefore,
computational load will increase combinatorically as the number of criteria increases. The number of
active criteria should, therefore, be limited and the user should select ONLY the most important
criteria/sub-criteria that they would wish to prioritize. This will shorten the period of simulation/run.
In order to facilitate criteria selection, “group criteria” have been created for technical, financial,
environmental, and social criteria groups. By using these group criteria, all sub-criteria in each group
will be aggregated and used. In this way, many criteria can be covered under the four independent
headings. When WETSUIT is first installed, these four “group criteria” are included in the list of
recommended (default values) criteria that have been pre-selected. When the preferred criteria are
selected and weighed (see Figure S17), the user can click the Calculate MCDA button to see the results
on MCDA or press the button “Optimise — GA” to start the optimization process via MOO/GA.

52.6. Results: MCDA Solutions

This tab is designed to present the MCDA results. As mentioned in the previous section, once the
user presses the “Calculate MCDA” button (see Figure 514, Figure 515, Figure 516, and Figure S17), the
tab is going to be updated and the user will be directed to the “Results: MCDA Solution” tab (Figure
518). The stacked chart (in Figure S18) is used to compare the performance of different water treatment
trains/systems based on different criteria to the overall performance (considering all the selected
criteria). On the top right-hand side of the tab, there is a component by which the user can change the
number of solutions to be displayed. There is also a table (Figure 12) that shows the composite unit
processes (treatment trains) or the name of packaged technologies and their overall ranks and
performances. For cases/scenarios that focus on centralized systems, this tab will not be accessible until
the MOO/GA is complete. The user can save the MCDA results on a local disk or an external memory
by pressing the “Save chart” button (to save the stacked chart) and the “Save results” button (to save
the MCDA results displayed in the table).
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Welcome to WETSUIT User Context Raw Water Criteria Results: MCDA | Results: MOGA
WETSUIT Information Definition Source Selection Solution Solution

Number of solutions displayed < 50 »

B Annualised specific CAPEX (Rupee)

[ Annualised specific OPEX (Rupee/year)

B Skill requirements (qualitative)

B Reliability (qualitative)

B Affordability of drinking water

B Acceptability of technology (qualitative)

B Waste generation (kg waste/m3-water produced)

20 25 30
Solution Rank

D Distance Treatment Train

25 0 aeration // SSF // activated carbon // chireination
& 0.032 RSF // metal hydroxide // chlorination

26 0.032 airation // RSF // AQ

27 0.032 airation /f RSF // UV

28 0.032 Flacculation /f RSF // UV

30 0.032 Flocculation // Sedimentation // UF // chlorination
41 0.032 RSF // metal hydroxide // chlerination

43 0.032 Flocculation // Sedimentation // UF

44 0.032 Flocculation /f RSF // UV

w0 i ¥l cCC 4 n P SR o o N P

< << Criteria Selection Save chart l l Save results Results: MOGA Solution =>>

Figure S18. Main tabs on WETSUIT: Results: MCDA Solution.

52.6. Results: MOO/GA Solutions

Figure 519 illustrates the tab of optimization results. As mentioned earlier in this document, and
in the main text, MOO/GA is only utilized for centralized systems (not packaged technologies). Once
the user clicks the “Run MOO/GA” button (on the top left side of the “Results: MOO/GA Solutions”
tab), the optimization process will start. The optimization may take up to a few minutes depending
upon mainly the number of selected objectives/criteria and constraints. The optimization/genetic
algorithm displays the obtained solutions in the form of a grid containing values of age, rank,
objectives/criteria, and constraints/infeasibility/penalty. When the algorithm is running, it displays all
the abovementioned variables reflecting its progress (Figure S20). This table also shows the
performance of each solution with respect to water quality and contaminant removal.

Upon completion, the final population of solutions are displayed in three scatter plots (see Figure
520), providing the user with a visual representation of the trade-offs between the three primary
objectives (namely: CAPEX, OPEX, and Energy). This can aid the user in understanding the objective
space in order to make more informed decisions.

513



Welcome to WETSUIT User Context Raw Water Criteria Results: MCDA | Results: MOGA
WETSUIT Information Definition Source Selection Solution Solution
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Figure S19. Main tabs on WETSUIT: Results: MOO/GA Solution (before running MOO/GA).
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Welcome to WETSUIT User Context Raw Water Criteria Results: MCDA | Results: MOGA
WETSUIT Information Definition Source Selection Solution Solution

N O z2ion complete

Age  Rank Feasible CD CAPEX OPEX Energy  Faecal coliforms  Turbidity DS Hardness Iron
222 INF 6,184.93* 186,917.09 147 460.8... 0.0084 0.0027 4455 5.6

INF 81,866.99 225577.44 49.462.12...0.0206 0.1125

INF 7434310 45,903.56% 50,004.375 0.0392 012

INF 1487,367.13- 20666144 79,103.867 0.0022

INF 1730415 516,464.58- 148,380.5...0.0033

INF 0.011 1607334 299.714.57 196,920.9... 0.0018

0.155 597,878.81 240,068.34 89,014.172 0.0008
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Figure S20. Main tabs on WETSUIT: Results: MOO/GA Solution (after running MOO/GA) with scatter
plots.

To analyze the results in detail, optimal treatment trains can be visually represented on two “radar
charts” (Figure 521). Each alternative employs a different color data point and line on the radar charts.
The radar chart on the left shows the performance of different solutions (in different colors) with respect
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to the three objectives: CAPEX, OPEX, and Energy consumption. Objectives are represented by the axes.
If an alternative data point on an axis is low, it implies the alternative performs well in that objective
and vice versa. The radar chart on the right illustrates the performance of the selected solutions with
respect to the water quality parameters (i.e., pollutants): i. Fecal Coliform; ii. Nitrate; iii. Lead; iv.
Fluoride; v. Arsenic; vi. Iron; vii. Hardness; viii. Total Dissolved Solids (TDS); ix. Turbidity. The number
of solutions to be displayed on the radar chart can be selected/altered by changing the “Add/Remove
Solutions” component (see Figure 522). The user can add a new solution to the radar charts by clicking
(selecting) a solution from the table above (in Figure S21) and pressing the “+” button on the
“Add/Remove Solutions” component (Figure 522). The “~” button is to remove any selected solutions
(in different colors). The “C” button is to clear both radar charts from all the displayed solutions.

12 TWETSUIT

Welcome to WETSUIT User Context Raw Water Criteria Results: MCDA | Results: MOGA
WETSUIT Information Definition Source Selection Solution Solution

N O =cn compiete

Age Rank Feasible CD cv CAPEX OPEX Energy  Faecal coliforms  Turbidity D5 Hardness Iron

0.008 0.048 17,170.74 445,216.08 196,380.5... 0.0067 0.003 0.88
0.005 0.070 1,112 687.88 28949134 128 563.57 0.0001 0.0011

0.005 0.367 630475.25 11545544 89,552.125 0.0039 0.075

0.005 0.056 52,297.99 502,387.59 148381.1...0.0033 0.002

0.005 0.661 75,145.29 B1,075.55 50,004.375 0.0274

0.005 0.211 597,284.25 95,600.35 B89,554.172 0.0011

0.005 0.215 39,408.83 204,544,089 97461438 0.0294

<
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Figure S21. Main tabs on WETSUIT: Results: MOO/GA Solution (after running MOO/GA) with radar
charts.

Add/Remove Solutions

24811
24823
24211
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FEB

Figure S22. The component “Add/Remove Solutions” on the main tab of: Results: MOO/GA Solution
with radar charts.

Similar to the “Criteria evaluation” tab, the results presented in the table (showing the whole
population of the optimal solutions) and in the radar charts can be saved on a local disk or an external
memory by pressing the “Save results” and “Save charts” buttons, respectively.
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S3. Criteria and Sub-Criteria Identified in this Study
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Figure S23. Aspects, criteria, and sub-criteria (sustainability indicators) identified in this study and used in the DSS.
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S4. Analytic Hierarchy Process (AHP) Ranking System and Example

Table S1. Ranking system of the AHP (adopted from Saaty, (1987)).

Intensity of

I Definition Explanation
Criteria
1 Equal Importance The activities contribute equally to the objective
Experience and judgement slightly favor one activity over
3 Slight Importance P Jucs e y
another
Experience and judgement strongly favor one activity over
5 Strong Importance P Jucs &Y y
another
. One is clear favored and dominance has been demonstrated in
7 Very strong importance .
practice
. The evidence favoring the one activity is of the highest order
9 Vital Importance . .
and has been proven in practice numerously
Intermediate values between
2,4,6,8 Compromise is needed between intensities

the two adjacent values

Table S2. Pair-wise comparison of criteria for the selection of decentralized small-scale systems in a
low-income household scenario (see Section 3.2.2).

Total Score

Criteria C1 C2 C3 C4 Cs Co C7 C8 -3, Weight (W)
Cl1 1.00 020 0.17 2.00 025 025 300 050 025 7.62 0.06
C2 500 1.00 050 400 3.00 200 500 3.00 2.00 25.50 0.19
C3 6.00 200 1.00 3.00 3.00 200 3.00 3.00 2.00 25.00 0.18
C4 050 025 033 1.00 033 033 4.00 033 033 7.42 0.05
Cs 4.00 033 033 300 100 200 500 4.00 3.00 22.67 0.16
C6 4.00 050 050 3.00 050 100 500 033 200 16.83 0.12
Cc7 033 020 033 025 020 020 1.00 033 025 3.10 0.02
C8 200 033 033 3.00 025 300 300 1.00 200 14.92 0.11
c9 400 050 050 3.00 033 050 4.00 0.50 1.00 14.33 0.10

SUM 88.53 1.00
Ci Reliability Co Energy Consumption
C2 Capital Cost Cr Availability of Spare parts
GCs Annual O&M costs Cs Water treatment Capacity
Cs Ease of Installation C d .
Cs Ease of O&M 9 Land requirement
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