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Abstract

This research addresses the critical issue of the poor implementation of sanitation and its effect on
community and environmental health in the Global South. To overcome the social, cultural, technical,
and financial complexities underlying poor sanitation, the participation of local community members
in sanitation planning processes is deemed crucial for the successful development and implementation
of sanitation systems.

To engage local stakeholders as decision-makers and improve design freedom, it is proposed
to engage stakeholders in determining their demands, needs, and priorities by combining the Fuzzy
Analytical Hierarchy Process (FAHP) and Focus Group Discussions (FGD) as a participatory decision-
making method. The applicability and suitability of this method are assessed through a case study in
Hagonoy, the Philippines, in which two parallel design cycles are carried out: one with only local
sanitation experts as decision-makers and one with only local community members as decision-makers.
A systematic literature review of design criteria applicable to sanitation design processes was conducted
to overcome selectors' bias regarding the decision criteria assessed in the FAHP and the FGD. The
FAHP data was collected among 60 community members evenly distributed over six neighbourhoods
in Hagonoy and six local sanitation experts. Three FGDs were held with local community members,
whilst one FGD was held with local sanitation experts. The design cycle based on the defined design
scope was limited to the development of a conceptual design, proposing a treatment train capable of
treating the produced domestic wastewater such that the effluent satisfies the local General Effluent
Standards, specifically for the parameters water volume, Total Phosphorus (TP), Chemical Oxygen
Demand (COD), Ammonia (NHs), and Nitrate (NOs*). Wastewater treatment technologies aligning with
the demands and needs specified by the stakeholders were obtained from scientific literature, which
were combined into a sanitation system configuration that could treat the water sufficiently.

The completion of a sanitation design process without predefining the possible solutions, but
by integrating the FAHP + FGD in the systematic derivation of the design scope, demonstrated how a
demand- and need-driven design approach allows increased flexibility and sensitivity for the context in
the development of a design. The parallel design cycles showed how the FAHP + FGD method could
be applied as a systematic procedure to understand how design criteria in sanitation design are
preferred and interpreted differently between local community members and local sanitation experts
and how this can influence the conceptual design. Altogether, this research contributes to the body of
knowledge in community-engaged sanitation design by demonstrating the effectiveness of the FAHP
and FGD method in engaging community members in a need-driven design process, overcoming
selectors’ bias for technologies and trade-offs, and producing relevant design proposals. However,
acknowledging that the FAHP + FGD method was limited to engaging stakeholders only in defining the
needs and demands, verification of the designs’ alignment with the perspectives of stakeholders and
continuous engagement throughout the entire design process is essential to be further researched in the
future.
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1. Introduction

1. Introduction

This chapter introduces the context of this research, in which the problems and challenges currently faced
regarding the design and implementation of sanitation systems are addressed. Being proposed by the scientific
literature as a possible means to overcome these challenges, participatory sanitation design is introduced.
Afterwards, the potential role of a participatory approach is elaborated upon before in-place sanitation
planning frameworks are assessed. A knowledge gap is identified based on scientific literature and the
assessment of existing frameworks. To contribute to the salvation of this knowledge gap, the research questions
underlying the research presented in this report are introduced, as well as the method used to answer these
questions. Lastly, the scope adopted in this research is explained before presenting the reading guide for the rest
of this report.

1. Introduction 2. Background 3. Methodology 4. Results 5. Discussion 6. Conclusion 7. Reflection

Figure 1| Position of chapter 1. Introduction in document

1.1. Introducing Sanitation

Despite the United Nations’ efforts to implement improved sanitation worldwide, many people —
primarily in the Global South — lack access to safe sanitation systems. In 2015, the United Nations
adopted the Sustainable Development Goals (SDG), a set of 17 global goals targeting the eradication
of poverty, protection of the planet, and healthy and safe well-being for people worldwide (United
Nations, 2015). Among these SDGs, SDG6 aims to “ensure access to water and sanitation for all’ (United
Nations, 2023). When published in 2016, only 68% of all global households had access to improved
sanitation, while 91% had access to improved drinking water sources (WHO/UNICEF, 2015). The
figures on sanitation, however, tell only a part of the story, as Hawkins et al. (2014) concluded from a
case study across 12 cities (located in Southeast Asia, Africa, and Latin America) that while 98% of the
inhabitants had access to improved toilets, only 29% of the produced faecal waste was handled safely
(Hawkins et al., 2014; Hutton and Chase, 2016). Mara and Evans estimated in 2017 that to reach SDG6
by 2030, 5.3 billion additional people require safely managed sanitation, which converted to
approximately 1 million people being helped daily (Mara and Evans, 2017).

The combination of poor sanitation and natural hazards affects community and environmental
health, highlighting the urgent need for improved sanitation in the Global South. In low-income areas,
the population is often directly exposed to the source of illnesses due to the absence of a sewage system
(Londe et al,, 2014; Diep et al., 2020). Consequentially, water-borne diseases spread rapidly. The effect
of ‘sanitation poverty’ is further increased when vulnerable populations are also affected by natural
hazards such as cyclones, floods, and heavy rainfall, which can increase the spread of diseases. Poor
sanitation and faecal sludge management pose a direct threat to human health, as infections caused by
inadequate sanitation have led to an estimated 432.000 deaths worldwide in 2016 (Pruss-Ustun et al.,
2019). Moreover, poor sanitation can lead to polluted air and water bodies, flooding, dirt spreading
across the landscape, and clogged drainage systems (Mensah et al,, 2022). Poor sanitation thereby
becomes a threat to not only human life but all life on earth. Although sanitation is globally perceived
as an essential aspect of well-being and health in local communities, there is room for improvement in
implementing sanitation in the Global South (Schertenleib et al., 2021; lossifova et al., 2022).

Sanitation is obstructed from being widely applied by social, cultural, technical, and financial
complexities (World Bank, 2019; Russel et al,, 2019). While the need for sanitation is evident, the
available initial investment funds are often insufficient (OECD, 2019). Water utilities, therefore, turn to
local governments for additional grants. However, government institutions in the Global South are
reluctant to invest in sanitation due to the perceived lack of possible cost recovery (Dos Santos et al.,
2017; Pierce, 2017; Sinharoy et al, 2019). Likewise, the private sector perceives investment
opportunities in water projects as unattractive because cost recovery solely based on customers paying
for access is financially unfeasible in low-income areas (Machete and Marques, 2021). Cameron et al.
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1. Introduction

(2021) nevertheless conclude that assisting targeted end-users financially during sanitation
implementation projects increases the number of installed sanitation systems.

The adoption of sanitation does not only depend on sufficient funding, as barriers are defined
as contextual factors (E.G., demographics and anthropogenic geography), psychosocial factors (E.G,,
values and beliefs), and technological factors (E.G., available materials and applicability of technologies)
(Tamene and Afework, 2021). The effectiveness of sanitation systems depends on the compliance of
targeted end-users of the system (Berhe et al., 2020). The end-users require knowledge and willingness
to use and eventually profit from the improved sanitation system (Dreibelbis et al., 2013).

To sustain the behaviour change required for improved sanitation, practices deeply embedded
in local cultures must evolve in parallel with improving the sanitation system (Coffey et al., 2014; Orgill-
Meyer et al, 2019). Hence, integrating local cultural habits and proven technologies is essential in
encouraging environmentally sustainable behaviour (Okumah et al, 2019; Radini et al, 2021).
Bhattacharjee et al. (2020) and Hosseinpourtehrani et al. (2022) argue that not identifying unfavourable
end-user perceptions towards proposed wastewater management interventions increases the risk of
implementing unsupported (and hence doomed) strategies.

Consequentially, the desire to align design products with market desires has led to an increased
influential role of end-users through their active participation in the design process. Jimenez et al. (2019)
propose to include the knowledge of local practices present in communities through the participation
of the public, as this improves the quality and implementation of plans. Murungi and Blokland reviewed
50 Water, Sanitation and Hygiene (WASH) related articles, from which they concluded that community
engagement and ownership were among the main drivers of successful WASH implementation
(Murungi and Blokland, 2016). Furthermore, Davis et al. (2019) concluded that all successfully
implemented sanitation systems in a sample set of 20 case studies in India involved community
participation in the planning process. Appiah et al. (2019) and Tsekleves et al. (2022) concluded that
stakeholder engagement should be direct and straightforward to increase community engagement in
sanitation projects. Similarly, Kain et al. (2021) argue that enhancing stakeholder participation in
sanitation design requires translating the technical design process into information and a decision-
making process accessible to all parties involved. By allowing community members to voice their
concerns regarding sanitation issues, Corburn et al. (2022) experienced increased incentive and urgency
among residents, consequently improving their engagement. It is thus hypothesized that including
stakeholders as decision-makers in the design process and adjusting the design according to their input
increases the alignment between the design and the demands and wishes of the stakeholders,
consequentially improving the acceptance (Duarte et al., 2018).
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1.2.  Participation: Who, When, and How Much?

Active involvement of stakeholders in the (co-)design of products, systems, and tools forms the
foundation of participatory design (Spinuzzi, 2005). Stakeholder participation aims to create
understanding and instigate learning processes between facilitators and stakeholders (Robertson and
Simonsen, 2012). Thereby, participatory design includes stakeholders in the design process through
their active involvement in design activities while fostering stakeholder capacity-building (Drain et al.,
2018). However, who are these stakeholders? When should they be involved? Moreover, to which
degree should they be involved?

The literature distinguishes stakeholders into ‘local sanitation experts’ and ‘local end-users’
based on their experience in sanitation development. The term ‘stakeholder’ refers to all those (possibly)
affected by a design intervention, including government officials and traditional powerholders (Gomez
and Nakat, 2002). Therefore, the participation of ‘stakeholders’ does not inherently equal the inclusion
of future end-users or marginalized community members (Black and McBean, 2017). Instead,
stakeholders are separated into two groups by their relation to the to-be-designed system, following
Cole et al. (2013) and Trischler et al. (2019). The ‘local sanitation experts’ are defined by their
professional involvement in sanitation systems through their role in local government and water bodies,
private companies, and non-profit organizations. On the other hand, the ‘end-user’ group is defined by
their intended role as consumers in sanitation systems, gaining their expertise from solely previous user
experience. Traditionally, decisions regarding sanitation planning are made by groups/individuals
belonging to the ‘local sanitation experts’ group, excluding end-users from this process (Dery et al.,
2020).

As a previous participatory design process by Nayono (2014) has shown, applying participation
to all design phases does not necessarily result in successful implementation. Participation is reflected
in different phases within sanitation design. The sequence of the design process of sanitation systems
in this research is described by the ‘Design Thinking’ concept as proposed by Liedtka (2015), which
provides a structured approach to addressing complex problems (Dell’Era et al., 2020) and innovations
(Gruber et al., 2015). While multiple definitions of Design Thinking exist within scientific literature
(Micheli et al., 2019), the most adopted definition is the one proposed by Brown (2008, p.86): /Design
Thinking is] a discipline that uses the designer’s sensibility and methods to match people’s needs with what is
technologically feasible” Design Thinking as a methodology is, however, criticized because it discards
other possible design concepts (Kimbell, 2012) and because of its perceived shortage of methodological
approaches (Kolko, 2015), which stem from its attempt to replicate and apply a simplifying concept to
complex and ill-defined problems (Laursen and Haase, 2019), shifting its application from design
processes to management processes (Micheli et al., 2019). Design Thinking as a framework, on the
other hand, provides a systematic structure for the discussion of design processes (Buhl et al., 2019),
with innovation, user engagement, complex problem-solving, and iterating designs as cornerstones
(Verganti et al., 2021). The original process, as proposed in Design Thinking, is shown by the cycle in
Figure 2. The design process structure described by Design Thinking consists of a sequence of three
phases, which are also depicted in the cycle in Figure 2:

- Identifying Needs seeks to set the outline of the design by identifying the needs of future users

and translating these into boundary conditions (Liedtka, 2015; Redante et al., 2019);

- Ideation proposes a set of possible solutions by brainstorming ideas following the design criteria

formed based on the identified needs and demands (Liedtka, 2015; Redante et al., 2019);

- Prototyping further develops the preferred solution proposed in the ideation phase before it is

tested for its ability to solve the initial problem (Liedtka, 2015; Redante et al., 2019).
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Figure 2 shows a cyclic and iterative process instead of a linear sequence of events, emphasizing the
experimental thinking required for solving complex design issues. Moreover, the process initializes with
an extensive problem analysis, forming the reference point for the subsequent design events, ensuring
a need-driven problem-solving approach (Buhl et al., 2019; Micheli et al.,, 2019). In a fully participatory
design cycle, each design stage depicted by the light blue boxes is conducted while engaging
stakeholders (Redante et al, 2019). To complete the entire Design Cycle, the design has to be
implemented and assessed regarding its ability to solve the initial problem, as is depicted in the left
Design Cycle.

/

Testing

Understanding
Development Needs / Demands

d
Generation Criteria Definition

N~

Ideation

Figure 2| Visual representation of the successive design stages in the design cycle
as proposed in ‘Design Thinking’ by Liedtka (2015)
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1. Introduction

Participation occurs on different levels, as the role of ‘end-users’ ranges from completely dependent
on powerholders' decisions to being empowered as the main decision-makers themselves (Contreras,
2019). Arnstein (1969) first introduced her ‘Ladder of Participation, which depicted eight levels of
participation. The described levels range from a passive role of participants involving only top-down,
one-way communication at the bottom level to participants playing an active role in decision-making
with their ideas and plans being implemented (Arnstein, 1969; Mensah, 2020). Similarly, as depicted in
Figure 3, The International Association for Public Participation (2007) defines five levels of
participation: Informing, Consulting, Involving, Collaborating, and Empowering. Following Disterheft
et al. (2012) and Vaughn and Jacquez (2020), these five levels describe participation in this research
because of their simplicity and self-explanatory meaning.

To Empower

To Collaborate

To Involve

To Consult

To Inform

Participation Level

Figure 3| Participation ladder as proposed by The International Association for Public
Participation (2007), formatted in the ladder principle as proposed by Arnstein (1969)

1.3. Knowledge Gap

According to scientific literature, researchers state that the need for sanitation design tools to allow
community engagement and end-user participation in sanitation design is crucial for successfully
developing and implementing sanitation systems. The urge for participation has raised the question of
how to involve end-users in a complex matter covering many disciplines (Hyun et al., 2019). Billger et
al. connect the successful implementation of sanitation systems to knowledge development and
transparent communication about sustainable wastewater options, pointing out the need for accessible
and easy-to-use collaborative tools (Billger et al., 2020). While agreeing with the necessity to involve
community members in the assessment and planning of sanitation, Dery et al. (2019) state that
stakeholder input is based on their understanding of the relevant information, emphasizing the need for
suitable tools enabling them to provide such input. Knowledge transfer and education are crucial to
include community members in addressing sanitation challenges (Silvestri et al., 2018; Appiah et al.,
2020), but tools aiding community members in this challenge are necessary to enable them to manage,
sustain, and upscale the sanitation practices (Banana et al., 2015; Intriago Zambrano et al., 2020).
According to Geekiyanage et al. (2021), sanitation development processes lack practical tools to engage
community members while producing usable input for decision-making processes.
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1. Introduction

The existing sanitation design tools and processes do not allow inclusive participation of end-
users but limit the level of stakeholders' participation to informing and consultation (see Figure 3). Tilley
et al. (2014) recognized the systematic failure of including marginalized stakeholders in participatory
sanitation planning, pointing out that the involvement of end-users is merely limited to consultation
instead of decision-making in the design process. After reviewing 15 participatory sanitation design
tools, Spuhler and Luthi concluded that existing models use pre-determined design solutions,
introducing selectors’ bias and decreasing (stakeholder) ownership (Spuhler and Luthi, 2020). Both
Silvestri et al. (2018) and Intriago Zambrano et al. (2020) acknowledge the need for a bottom-up
approach to sanitation, considering both social and technical complexities related to sanitation. This
bottom-up approach should allow all community members to participate in decision-making
meaningfully (Shields et al., 2021; Tsekleves et al,, 2022). Acknowledging the need to identify and
include local knowledge and practices in sanitation design processes, Jimenez et al. (2019) recommend
developing tools that effectively include community members in the design process to improve user
acceptance.

Community participation is thus recommended for sanitation design processes, but the
literature does not specify in which phases of the design process and how participation should be
fostered. According to Vaughn et al. (2020), stakeholder participation is possible at each level of the
design cycle. However, questions must be asked about the forms of participation implemented in the
different design phases and the capabilities required of the participating stakeholders (Dearden and
Rizvi, 2008).

To understand how these questions are currently answered, a thorough review of twenty
sanitation planning tools and frameworks focused on community engagement involvement in sanitation
planning. The review, which is added as Appendix A, addresses the following questions per planning
tool:

How does the tool work, and which method is applied?

Which design criteria are used?

What are the advantages of this tool for sanitation planning?

What are the disadvantages of this tool for sanitation planning?

The participation as used or proposed in the frameworks was assessed per design phase, as
proposed in Figure 2 and scored according to the degrees of participation, as proposed in Figure 3.
Additionally to these phases, the participation of stakeholders in selecting the preferred design was
added to the review, shown in Figure 4 by the boldly printed column. Based on the answers to the
abovementioned questions, a conclusion on the suitability of the framework for community-engaged
sanitation planning was drawn.
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Van Buuren (2010) inf inf inf inf inf inf IL%I Informing Stakeholders (inf)
Filho et al. (2019) inf cons inf inf inf inf I:I Consulting Stakeholders (cons)
Finney et al. (2009) inf inf inf inf inf inf I:I Invalving Stakeholders (v}
Franceys et al. (2013) inf inf inf inf inf inf I:I Collaborating Stakehalders {call
gimenczcall(201%) - Empowering Stakeholders (emp})
[WA (2014) inv inv coll inf cons inf I:I No link to design phase
Kalbermatten (1982) inf cons inf inf inf inf
Katukiza et al. (2010) cons inf inf inf coll inf
Kvarnstrom and Petersens (2004) inv inv cons inf inf
Langergraber et al (2015) inf inf inf inf inf inf
Loetscher and Keller (2002) cons cons inf inf inf inf
Mara et al. (2007) inf inf inf inf inf inf
Nayono (2014) inf cons inf inf inf
Olschewski (2013) inf cons inf inf inf
Prouty et al. (2018)
Schmitt et al. (2017) inf inf inf inf inf inf
Schrecongost et al. (2020)
Schutze et al. (2019) inf inf inf inf inf inf
Spuhler et al. (2020) inf coll cons inf inf inf
Strande et al. (2014) inf inf inf inf inv inf

Figure 4| Overview of reviewed participation in assessed sanitation planning frameworks, linked to the design phases proposed in the
Design Cycle and complemented by 'Design Selection'. The degree of participation is assessed using the levels of participation proposed
by The International Association for Public Participation (2007).

The reviewed frameworks were assessed for community participation in the different phases of
sanitation design and their ability to provide concrete input, from which it was concluded that the
assessed frameworks fell short in offering complete design freedom to stakeholders in all phases or did
not provide concrete input for the design (process). From the review in Appendix A and the schematic
overview of participation in these frameworks depicted in Figure 4, it appears that participation in the
frameworks proposed by Mara et al. (2007), Franceys et al. (2013), van Buuren (2010), Langergraber et
al. (2015), Schmitt et al. (2017), Finney et al. (2009), and Schutze et al. (2019) is strictly limited to
informing stakeholders about decisions made throughout the design cycle. The frameworks proposed
by Schrecongost et al. (2020), Prouty et al. (2019), and Jimenez et al. (2019) focus on the implementation
stage of sanitation planning but do not provide concrete input for the design process and could not be
linked to the design cycle itself. The frameworks by Kalbermatten (1982), Katukiza et al. (2010), and
Filho et al. (2019) obtain the possible sanitation technologies from a set of technologies previously
selected by the developers of the framework. They limit the possible designs to the technologies
included in the framework, influencing the freedom of choice by reducing the options. The frameworks
proposed by Olschewski (2013) and Nayono (2014) evaluate the suitability of one technology, which is
to be pre-selected by the facilitator, hence excluding stakeholders from participation. The frameworks
proposed by Loetscher and Keller (2002) and Spuhler et al. (2020) require information input regarding
the local situation for specific parameters pre-determined by the framework's developers. While
stakeholders provide input for the design criteria, the developers determine the design criteria
themselves. Strande et al. (2014) developed a framework for which expertise in wastewater treatment
is required, ruling out the participation of stakeholders with no technical background in the design
development itself. Kvarnstrom and Petersens (2004) and IWA (2014), on the other hand, describe a
framework for the process, specifying the different stages of the design cycle, the desired outcome of
each stage, and the tasks in each stage. However, neither prescribes a method to achieve these aspects,
as they describe the process instead of providing a method.
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Participation strictly limited to informing stakeholders
Mara et al. (2007) Schmitt et al. (2017)
Franceys et al. (2013) Finney et al. (2009)

Van Buuren (2010) Schutze et al. (2019)
Langergraber et al. (2015)

Not linked to design cycle
Schrecongost et al. (2020)
Prouty et al. (2019)
Jimenez et al. (2019)

Pre-defined solution space
Kalbermatten (1982)
Katukiza et al. (2010)

— Filho et al. (2019)

Limited to one technology

Olschewski (2013)
Nayono (2014)

Assessed Sanitation
Planning Frameworks

Criteria determined by developer

Loetscher and Keller (2002)
Spuhler et al. (2020)

Only usable by experts
Strande et al. (2014)

Propose sequence but no method

Kvarnstrom and Petersens (2004)
[WA (2014)

——

Figure 5| Overview of shortcomings of twenty assessed sanitation planning frameworks. The frameworks were
assessed for their ability to engage local community members as decision-makers in a sanitation planning process.

This assessment observed a lack of knowledge and experience regarding participatory design
processes without predefined scope limitations (regarding design criteria and technologies) for
sanitation systems. The overviews presented in Figures 4 and 5 show that existing sanitation design
frameworks have limited the design freedom by pre-selecting possible technologies or the design scope,
introducing selectors’ bias from the developer and limiting stakeholder participation in the decision-
making process. Consequentially, the participation of stakeholders is often limited to stating their
preference within the selection made by the developer. While frameworks by Kvarnstrom and Petersens
(2004) and TWA (2014) foresee stakeholders with a decision-making-oriented role, these frameworks do
not provide concrete methods for deriving a sanitation system design.

Objective
To gain understanding of how stakeholders can be engaged earlier in an open-ended sanitation
design process, to explore how early engagement of stakeholders in setting the design scope affects

the eventual design proposal

To include stakeholders as decision-makers in the design process and simultaneously improve
design freedom, it is proposed to engage stakeholders in determining the design agenda and priorities
by applying a participatory decision-making method. This research uses the Fuzzy Analytical Hierarchy
Process (FAHP) to democratize the decision-making process regarding preferences. It is needed for the
design scope because of its ability to derive rankings of (design) criteria objectively (Yu et al., 2021) and
its ease of use (Kubler et al, 2016). Focus Group Discussions (FGD) are used to collaborate with
stakeholders on determining and interpreting the preferences and design scope. The applicability and
suitability of this method are assessed through a case study in which two parallel design cycles are
carried out: one with only local sanitation experts as stakeholders and one with only local community
members as stakeholders.
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1. Introduction

The central research question and sub-questions in this research and their substantiation are
therefore posed as:

RQ:  How can a participatory decision-making approach be implemented in the design of a sanitation
system in the Global South to engage the local community?

The reviewed literature identifies the need for an open design process for sanitation in which the end-
user is included as a decision-maker. Currently, available design tools for sanitation exclude the end-
user as a decision-maker regarding design trade-offs, possible solutions, and interpreting (intermittent)
results. Within this research, a community-engaged mixed methodology is applied to a real-life case
study of a sanitation system design for Hagonoy, the Philippines, testing its ability to assist in the early
stages of a participatory design process. Through comparison between the design process itself and its
outcome fuelled by input from local sanitation experts (sanitary inspectors, municipality engineers,
health office employees) to one process fuelled by input from end-users, the mixed methodology's
contribution to developing a community-engaged sanitation design is discussed. The design cycle with
the local sanitation experts is the base case to which the design cycle with local community members
is compared. The comparison shows how including local community members in the sanitation design
cycle affects the process and the eventual design generated.

SQ1: What design criteria should be considered when defining the scope of community-engaged sanitation
design processes?

The different design criteria of interest form the design scope. Hence, an overview of relevant design
criteria was required to set the design scope for the sanitation design process by experts and end-users.
A draft list of design criteria was generated through a systematic literature review. A final concise set of
design criteria relevant to community-engaged sanitation design processes was obtained through
clustering.

SQ2: 7o what extent are sanitation design criteria prioritized differently by local experts and members of the
local community during sanitation design sessions?

To understand how the perception of the relative importance of the design criteria differs between local
experts and the local community, a mixed methodology of the FAHP and FGD was applied. To
determine the perceived importance of the end-users, sixty randomly selected end-users were recruited
to fill in the FAHP. In addition to the FAHP, three FGDs were organized with members of the local
community to assess and interpret the outcome of the FAHP. The exact process was conducted in
parallel with six local sanitation experts. The result is two tangible design scopes based on the input of
experts and end-users. The differences in trade-offs, outcomes, and perceptions between the two groups
are discussed.

SQ3: How does involving the local community, rather than exclusively depending on expert perspectives or
local guidelines, impact the results of a community-engaged design process for sanitation systems?

Two design cycles are carried out to assess how the mixed methodology of FAHP and FGD could
contribute to a community-engaged design process for sanitation systems. The process and the output
are compared to understand how suitable this mixed methodology is for including end-users in the
design process and developing a sanitation design. The differences and similarities between the
sanitation designs are discussed. Also, the complete design process is assessed and compared to other
sanitation design tools, discussing the suitability of the proposed method for a community-engaged
design process for sanitation.
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How can a participatory approach be implemented in the design process of a sanitation system
in the Global South to engage the local community?
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Figure 6| Overview of the structure of this research and the connection of the different methods to the research questions

1.4.  Scoping the Research
This research aims to explore the usability of the FAHP in combination with FGD for a community-
engaged design process for sanitation in a low-income area. A real-life case study was carried out in
Hagonoy, Bulacan, Philippines, to understand the suitability of this mixed method and its impact.

Both the FAHP and the FGD are conducted with members of the local community and with
local sanitation experts in parallel, which enables comparing the outcome of a sanitation design process
based on the input of the two parties. The FAHP data collection for the ‘community design process’ is
limited to 60 community members (age 18+ years) evenly distributed over six neighbourhoods in
Hagonoy. The neighbourhoods of interest are selected based on the severity of the flooding, as this
increases the urgency for an improved sanitation system. The FAHP data collection for the ‘expert
design process’ is limited to 6 local sanitation experts (water district employees, sanitary inspectors, and
municipality engineers) active in Hagonoy. The data collection for the FAHP takes place between the
22" of May and the 11™ of June, 2023. Three FGDs are held with members of the local community,
whilst one FGD will be held with the local experts, all between the 4™ of July and the 3" of August 2023.
While the limited sample size does not allow for interpreting the results as representative of the local
community, it does provide insights into the applicability of the FAHP & FGD for community-engaged
design processes for sanitation.

Two design cycles are carried out to assess the suitability of the proposed mixed methodology
for designing a community-engaged sanitation system. One design cycle uses the input of the end-users,
and the other uses the input from the experts. The designs are limited to the treatment of Chemical
Oxygen Demand (COD), Total Phosphorus (TP), Ammonia (NHs), and Nitrate (NOs*). Information on
the influent wastewater composition, treatment efficiencies, and design parameters for the treatment
technologies is obtained from the scientific literature. The design cycle is limited to a sanitation
treatment train proposal, including sizing and expected removal efficiencies for the water quality
parameters.
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1.5. Reading Guide

This research is divided into seven chapters (see Figure 7), including the 1. Introduction chapter. The
second chapter, 2. Background, introduces the reader to the theory of Multi-Criteria Decision-Making
and the design criteria deemed relevant for sanitation design processes. The third chapter explains the
3. Methodology followed within this research, elaborating on the mixed methodology (FAHP and FGD)
used to capture the perception of experts and end-users regarding the importance of design criteria.
Chapter 4. Results presents the results of the AHP, the FGDs, and the design cycles. These findings will
be analyzed and discussed in Chapter 5. Discussion. Next, chapter 6. Conclusion concludes the research
by summarizing the main findings of this research regarding the research questions and presenting a set
of recommendations for future research. Lastly, chapter 7. Reflection contains a personal reflection of
the author on the process, the observations, and the outcome.

1. Introduction

2. Background

3. Methodology

4. Results

5. Discussion

6. Conclusion

7. Reflection

Figure 7| Chapter structure of this report
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2. Background

2. Background

Within this chapter, information on the design of sanitation systems is provided. First, the conventional stages of
a sanitation system are explained, providing the reader with background information on the standard lay-out
of a system and additional factors to consider when designing sanitation systems. The variety of possibilities
and choices to be made causes the design of sanitation systems to be a complex decision-making process.
Literature suggests the application of Multi-Criteria Decision-Making methods because of their systematic way
of assessing such problems, after which the FAHP is introduced. Furthermore, a literature review and its
outcomes into design criteria involved in community-engaged sanitation design processes are explained. A
literature-based definition, a scenario, and an example explain each design criterion.

1. Introduction 2. Background 3. Methodology 4. Results 5. Discussion 6. Conclusion 7. Reflection

Figure 8| Position of chapter 2. Background in document

2.1. The Stages of a Sanitation System

Wastewater produced by households contains pollutants, which must be treated to dispose of the water
without any safety issues for the community or the environment. Domestic wastewater indicates the
water discharged by a community after using the water for domestic activities such as cooking, flushing
the toilets, personal washing, and cleaning (Mara, 2013). The purpose of sanitation systems for domestic
wastewater is to treat the contaminated water to a degree in which the water can be disposed into the
environment without causing harm to the community or the environment (Saravanan et al., 2021). The
origin of the produced wastewater, however, causes it to contain various contaminants, ranging from
detergents originating from laundry practices to oil and grease from washing the dishes to the nutrients
and intestinal bacteria from the toilet effluent (Akpor et al., 2014). The variety of contaminating
components and their distinct characteristics require specific treatment to satisfy the discharge
standards (Koul et al., 2022).

Pre-treatment Primary Treatment Secondary Treatment Tertiary Treatment Post-treatment

Sludge Treatment
‘ Shudge > Facility

Figure 9| The sequential wastewater treatment phases from the domestic wastewater source to the final discharge point

Source

‘Wastewater
Discharge into
Environment

Wastewater treatment can be divided into five successive stages: preliminary treatment,
primary treatment, secondary treatment, tertiary treatment, and post-treatment treatment, as depicted
in Figure 9 above. Additionally, the solid waste product of the treatment processes, sludge, must be
treated before disposal (Abelleira et al., 2012). The wastewater enters the treatment system at the
preliminary treatment stage, where the wastewater is physically or mechanically treated (Crini and
Lichtfouse, 2019). This step aims to remove debris and coarse suspended particles (Koul et al., 2022).
The effluent from the pre-treatment step enters the primary treatment stage, where the water is
physicochemically or chemically treated (Sonune and Ghate, 2004; Crini and Lichtfouse, 2019). Primary
treatment is conventionally focused on removing particles through physical separation, using techniques
such as screening, grit removal, and sedimentation (Englande Jr et al.,, 2015). Secondary treatment uses
chemical and/or biological removal processes, and is concerned with removing colloidal and dissolved
organic matter (Sonune and Ghate, 2004; Englande Jr et al, 2015; Crini and Lichtfouse, 2019).
Secondary treatment typically involves activated sludge or filtration (Englande Jr et al., 2015). Tertiary

23



OCoONOOULL P WNPRE

N R R RRRRRRRR
O wWwooONOOULLTPDd WN KL O

GG b Db, DEE,DDE,EDEBEWWWWWWWWWWNNNDNNNNDNN
NP OOOONOULPDWNRPOOOONOUPWNPOOOOLONOULPE WN -

2. Background

treatment revolves around physical and chemical treatment, removing toxics, remaining organics, and
nutrients (Sonune and Ghate, 2004; Crini and Lichtfouse, 2019). Post-treatment is used to improve the
quality of the effluent further to protect the receiving water bodies. The applicability of post-treatment,
therefore, depends on the efficiency of the previous treatment stages for the present contaminants and
the effluent standards in place at the location of interest (Mai et al., 2018). Sludge contains most of the
removed pollutants and is characterized by its high concentrations of heavy metals, viruses, protozoa,
and residual organic pollutants (Englande Jr et al., 2015; Anjum et al., 2016).

Sanitation systems can be designed to serve as little as one household in a decentralized system
to as much as an entire community in a centralized system. While the latter has advantages related to
its increased scale and, therefore, the distribution of costs and responsibilities among all those served
by the system, it also requires a sewer system with an end-of-pipe treatment plant, hence complicating
the implementation of the system (Wilderer and Schreff, 2000). Moreover, the wastewater treatment
sector in countries in the Global South often lacks the required resources to construct the treatment
plant and the expertise to operate it (Massoud et al., 2009).

Many treatment technologies have been developed throughout the years, with differing
applicability based on the present contaminants, the degree of centralization, and the configuration of
the other treatment steps. Consequently, the suitability of the technologies combined into one
wastewater treatment system is dependent on but not limited to treatment efficiency, feasibility,
complexity, geographical location, and costs (Crini and Lichtfouse, 2019; Saravanan et al., 2021).

2.2.  Overcoming Complexity in Sanitation Design

The variety in technology configurations, treatment goals, and stakeholder preferences complicates the
design process of sanitation systems, for which consensus building through systematic decision-making
tools can assist in aligning diverse perspectives. From the assessment of technology options for a
wastewater treatment decision problem, Bottero et al. (2011) concluded that the more complex the
problem is, the more a systematic decision method is required to analyse the criteria to be compared.
However, decisions on the implementation of sanitation are rarely made by individuals, adding to the
complexity of the decision (O’Keefe et al., 2015; Simiyua et al., 2017). Hence, a significant difficulty on
the road to sustainable sanitation is the differences in perception and characterization of sanitation by
different actors. According to Hyun et al. (2019), the overall purpose among involved actors is similar
(“the protection of human health and the environment from exposure to potentially harmful waste” Hyun et al.,
2019, P.308). However, variations exist regarding perspectives on how to satisfy this purpose. Similarly,
Setty et al. (2019) observed a variance in the perception of WASH challenges among WASH
professionals with different backgrounds and knowledge levels, increasing the complexity of the
decision-making process.

Acknowledging the diversity in opinions, Kvarnstrom and McConville advocated for a
collaborative decision-making process, which “fosters mutual understanding between stakeholders in a
difficult planning situation” (P.8, Kvarnstrom and McConville, 2007). The required synthesis of differing
stakeholder opinions for the selection of an appropriate and sustainable sanitation system makes
sanitation planning a ‘complex multi-criteria decision-making problem’ according to Spuhler et al.
(2020) and Kvarnstrom and Petersens (2004), who hence propose the use of Multi-Criteria Decision-
Making (MCDM) techniques.

MCDM techniques were explicitly developed to solve complex decision-making problems
involving conflicting criteria and decision-makers with different perspectives and judgments (Kaya et
al,, 2019; Belay et al,, 2022). MCDMs are used to assess and systematically compare variables and
alternatives within a problem context because they provide tangible input for decision-making (Shen
and Tzeng, 2018). From a review of the application of MCDM to sanitation problems, Leonetti and
Pires (2017) concluded that the MCDM's advantages of comparing a multitude of criteria, including a
more decision-makers, and the possibility of including qualitative variables make MCDM “particularly
suitable” for decision-making in sanitation problems.

The most widely used and studied MCDM is the Analytic Hierarchy Process (AHP) (Ho, 2008;
Ho and Ma, 2018), which uses pairwise comparisons to calculate the weights of criteria and the ranking
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of predefined alternatives (Darko et al, 2018; Santos et al, 2019; Yang et al., 2019). Since its
development by Saaty 1980 (Saaty, 1980), facilitators have used the AHP to objectively process the
preferences of multiple participants and arrive at a hierarchy of alternatives (Kan and Ali, 2020; Yu et
al., 2021). The main advantage of the AHP is its objective and logical scoring system and its flexibility
for integration with other techniques in the domain of MCDM (Kubler et al., 2016). Over the years, its
simple and convenient data-inputting technique, in combination with its ability to highlight the relative
importance of elements composing the problem, has led to both widespread use and extensive literature
on the subject (Moreno-Jimenez and Vargas, 2018; Tavana et al., 2023). Consequently, its ability to
systematically determine criteria weights through an easy pairwise comparison exercise causes the
AHP to outperform other MCDM techniques (Liu et al., 2020).

To handle the impreciseness of opinions by decision-makers, fuzzy theory, as proposed by
Zadeh (1978), was combined with AHP, resulting in the FAHP. Fuzzy theory is applied when the natural
language used in the assessment has no clear definition, introducing variability in the decision-maker’s
interpretation of the proposed comparison (van Laarhoven and Pedrycz, 1983). Fuzziness is introduced
in AHP by replacing the so-called ‘crisp’ numbers, assigned to each pairwise comparison by the
decision-maker to score the importance, with the fuzzy numbers representing the ‘crisp’ number. The
fuzzy numbers are interpreted as a probability distribution, resembling the range of values the ‘crisp’
number can interpret (Liu et al., 2020). Over the years, the FAHP has become the most studied and
applied fuzzy MCDM (Mardani et al.,, 2015), with its applications ranging from the selection of the
preferred technology from a set of alternatives (see Balusa and Gorai, 2019; Piadeh et al., 2018) to the
determination of the relative importance of design criteria (Zyoud et al., 2016; Sahoo and Choudhury,
2021).

Because of its ability to derive the prioritization of design criteria in an easy, transparent,
community-engaging manner (Zhang, 2015), the FAHP was chosen in this research to determine the
scope of the sanitation design. Following the research of Moslem and Duleba (2019), the FAHP was
employed to determine the cruciality of design criteria as perceived by both end-users and experts. The
FAHP can be used as a consensus-building tool between stakeholders, through which single criteria and
weights can be discussed to understand each other’s viewpoints (De Marinis and Sali, 2020). The FAHP
is hence used to gain an understanding of the needs and preferences of stakeholders in the design
process for a local sanitation system, addressing how stakeholders can be systematically engaged early
in the design cycle (by involving them in the definition of the design scope).
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2. Background

2.3.  Factors Determining Sanitation Design
Structuring the design scope requires insights into the factors relevant to the scope of sanitation systems,
which was obtained through a systematic literature review of sanitation design criteria. The design
criteria obtained from the literature review are used to shape the design scope, serving as input for the
FAHP and the FGDs. The position of this review within the overall research is depicted in Figure 10
below.

How can a participatory approach be implemented in the design process of a sanitation system
in the Global South to engage the local community?

Legend:

| Literature Review Design Criteria ‘

sal Method

| Social And Technical Design Criteria | T

Cross comparison
Result

Multi Criteria Decision

MCDM
Making tool

G Focus Group Discussion

Related to Subguestion

S

Figure 10| Positioning of the systematic literature review into design criteria relevant to sanitation design within the overall method of
this research

To overcome selectors’ bias when choosing the decision criteria (Linnenluecke et al., 2019), a
systematic literature review of design criteria applicable to sanitation design processes was conducted.
Systematic literature reviews allow one to integrate findings and perspectives on a specific topic in a
research field (Kunisch et al.,, 2018; Snyder, 2019), creating objectivity (Parums, 2021). The SPAR-4-SLR
review protocol developed by Paul et al. (2021) was adopted for conducting the systematic literature
review because of its ability to justify review decisions.

The search query for this literature review — a schematic overview provided in Figure 11 - was
centred around community-engaged sanitation design and conducted in the Web of Science search
engine. This search query aimed to obtain a set of design criteria currently used in participatory
sanitation design processes to increase the relevancy of the design criteria assessed to the involved
stakeholders. Starting with {Sanitation) AND (Community NEAR/5 Involvement) AND (Design NEAR/5
Criteria) as the first search query, the quantity and relevancy of the obtained papers were assessed. The
search query was expanded with relevant synonyms obtained from the thesaurus for the initial search
terms to increase the number of results, boolean operators to combine these search terms, and
truncation and wildcard functions to cover the diversity in language use (Atkinson and Cipriani, 2018).
Web of Science was used as the search engine due to the quality of its search results, ease of use, and
exhaustiveness (Gusenbauer and Haddaway, 2020; Prankute, 2021; Singh et al., 2021). The search query
targeted the articles' abstracts to increase the results' relevancy. To include up-to-date scientific papers,
only papers published in the ten years before this research — day of execution search query: 23-02-2023
—have been included. The search query was expanded until the arbitrary number of results neared 100
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2. Background

initial results, which was deemed sufficient to provide a complete overview of the information on design
criteria in community-involved sanitation design.

Search Domain Search Domain Search Domain
Sanitation AND Community Involvermnent AND Design Criteria
Treatment User Led Goal$
or ar of or
Sanitation Management Fublic Participat® Criteria
at AND ar ar ar or
( Wastewater Engineering Social Driven Objectived
ar ar o Design o
Service Stakeholder Based G2 ) nzarss | Requirement$
or or Decision o
Community Empower* Choice$
ar (s or
Citizen Center* Need$
ar or or
Household Consult* Target$
or ar
Local [nvolv*
o ar
Demand Inclu*
ar ar
[nhabitant Accept*
e ar
Societ* Mobiliz*

Figure 11| Overview of search query used in Web of Science to assess design criteria for community-engaged sanitation

The papers resulting from the search query were assessed for their relevance, from which the
initial set of 101 scientific papers was reduced to 36. A schematic overview of this process is provided
in Figure 12. The abstracts of the obtained scientific papers were read to determine their relevance,
excluding papers that did not cover domestic wastewater treatment processes. The full text was read
to verify its relevance, and five more papers were deemed irrelevant and excluded. Of the 101 pre-
selected scientific papers, 36 were deemed relevant, as depicted in the graphical overview in Figure 12.
This report includes an overview of the 101 original papers, including the results of the screening
rounds, as Appendix B. The included papers were uploaded into Atlas.ti (version 23.2.3), which was
used to code the design criteria. Each paper was read and coded twice to verify the completeness of
the coding step.

Web of Science
Feb 2013 — Feb 2023

Domain: Title/ Abstract/Keywords
Approach: Search Engine
Scope: Scientific Journals

n =101

Domain: Abstract No sanitation (n = 39)

) . No water treatment process (n = 15)
np]:uo_ﬂch_ Ablstract Reading |:> No domestic sanitation (n = 2)
Scope: Exclusion on Relevance No design criteria (n = 4]

n=41

Domain: Full-text
Approach: Text Reading
Scope: Exclusion on Relevance

n =36

Domain: Full-text

Approach: Coding
Scope: Determine Design Criteria

Figure 12| Overview systematic literature review for assessment of sanitation design criteria as mentioned in the literature
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2. Background

The content of the 36 relevant papers was assessed for the mentioning of design criteria, which
were coded in Atlas.ti, which in turn served as input for determining the definitions of the synthesized
design criteria. The results from the systematic literature review were inductively coded for the
synthesis. The coding strategy was developed by analysing the collected data, as the definitions of
relevant design criteria and hence coding guidelines were not known beforehand (Hays and McKibben,
2021). Following Krippendorff (2018), the definitions were synthesised using the coded quotes as input
to maximize inferential and analytic generalizability. After two iterations of coding in Atlas.ti for design
criteria and synthesis of the coded fragments, 57 distinctive design criteria were deducted. Following
the guidelines for drawing up definitions as proposed by Hansson (2006), and as shown in Figure 13,
definitions for the draft design criteria were formed using the coded fragments from the substantiating
sources. An overview of the papers mentioning the different design criteria is added in Appendix C.

Definition Structure

Name Criterion Connecting Phrase Elaboration Criterion

Example: Community Health refers to promoting and maintaining the health and well-being
of a community as a whole through the practice of sanitation

Figure 13| Structure used in definition of design criteria, including example for the definition of 'Community Health' as used in this
research.

The 57 initial design criteria were assessed for the quantity of scientific papers derived through
the literature review mentioning the criteria, after which criteria mentioned only once were discarded
due to perceived irrelevancy. Across the analyzed papers, the design criterion ‘Capital Expenditure’ was
mentioned most frequently (26/36 papers), while design criteria ‘Collective Efficacy’, ‘Market Competition’,
‘Replicability’, and ‘Income Recovered Resources’ were mentioned least frequently (1/36 papers). Guided
by Gaur and Kumar (2018), the four criteria only mentioned once were deemed irrelevant based on
relative importance. Substantiated by the proposal of Russo and Camanho (2015) to remove irrelevant
criteria to ensure alignment between criteria and the targeted decision problem, these four criteria were
removed from the selection.

The remaining 53 design criteria were compared for overlap, discussed with engineering
students, and combined into new overarching design criteria, reducing the total number of criteria to 20
after two iteration rounds, as is depicted in Figure 14. Both Mazri et al. (2012) and Tavana et al. (2023)
argue that methods requiring fewer pairwise comparisons and less lengthy interactions provide better
results, as participants are more motivated and attentive during the data collection. Moreover,
Rodriguez et al. (2009) state that alternatives assessed in a pairwise comparison have to be
distinguishable, to be able to compare them. The definitions were therefore compared for overlap, with
the goal of merging criteria with similar definitions and reducing the total number of criteria. Three
Environmental Engineering students at Delft University of Technology (TU Delft) were asked to cluster
design criteria that they perceived as similar. Similar definitions were combined into one overarching
definition, reducing the number of distinctive design criteria from 53 to 30. An overview of the merges
is added in Appendix D. The thirty resulting design criteria were cross-compared to the design
statements of another Environmental Engineering student at TU Delft, researching “the exploration of
stakeholder priorities for DEWATS implementation in the Brantas, Indonesia”. The thirty criteria were
proposed to a researcher with relevant experience in urban planning at the target location, who
provided feedback on the relevancy of the design criteria. Furthermore, the 30 criteria were proposed
to ten Environmental Engineering students at TU Delft, who were asked to select the twenty most
relevant criteria. This exercise was carried out using Qualtrics. This second review round assisted in
reducing the number of design criteria to 20.
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| Systematic Literature Review |

n=57
. . Criteria only mentioned once
| Frequency Mentionings by Papers in SLR ||:> {n "
n=>53
- - - ; Criteria merged into others
| Review by three Environmental Engineering Students ||:> due to ovegrlap (n = 23)
n=30
Cross-comparison to research ‘DEWATS in Indonesia’ Critoria moreed info others
Review by ten Environmental Engineering Students |:> P gl (n = 10)
Review by urban planning researcher with local experience ue o overapin =

n=20

| Categorization based on definition categories |
ln =10 l n=10

| Social Design Criteria | | Technical Design Criteria |

Figure 14| Overview of derivation and categorization of design criteria, including the methods used. The letter ‘n’is referring to the
number of design criteria

These merges are also shown in Appendix D, which contains a graphical overview of the
merges transforming the initial design criteria into the final set of criteria as used in this research. The
resulting definitions were assigned to two categories based on the definitions of these categories, of
which the final version is depicted in Table 1;

e Social Design Criteria, referring to the factors that should be considered when designing
sanitation systems or facilities to ensure they meet the social needs and requirements of the
communities they serve and the institutions that are involved (adopted from van Vliet et al.,
2011)

e Technical Design Criteria, referring to the technical aspects that must be considered when
designing a product, system, or facility to ensure it meets its intended function and performance
requirements (adopted from Spuhler et al., 2020)

Social Design Criteria Technical Design Criteria
S.1 Centralization/Decentralization 11 Capital Expenditure
§.2 | Community Health 7.2 | Geographical Suitability
§.3 | Cultural Alignment 7.3 | Locally Available Construction Resources
S.4 | Ease of Use T4 | Operational Expenditure
S.5 | Environmental Friendly T.5 | Resilience
S.6 | Expertise Required T.6 | Resource Recovery Potential
S.7 | Job Opportunities T.7 | Resource Use
§.8 | Nuisance T'8 | Robustness
S.9 | Policy Alignment T.9 | Safe Product Disposal
§.10 | Aesthetics T.10 | System Performance

Table 1| Overview design criteria obtained from literature review and merging exercise, categorized in social and technical design
criteria

For each of the design criteria shown in Table 1, a definition in the style of Figure 13 was set
up. However, as these definitions were constructed using input from scientific articles, these definitions
were deemed complex and vague to potential community members. Therefore, to provide additional
explanation regarding the design criteria and their interpretation with regards to sanitation system
design, guiding examples and scenarios were determined. The ‘scenario’ elaborated on the influence of
the design criterion on the design, while the ‘example’ complemented this information by explaining
how this design criterion affects the interaction between stakeholders and the system. An example is
provided in Figure 15, showing the definition, scenario, and example for the design criterion ‘Job
Opportunities’ as was used in this research. Between brackets, the definitions of ‘Definition’, ‘Scenario’,
and ‘Example’ are provided, adopted from the Cambridge Dictionary (Cambridge University Press, n.d.).
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The complete set of definitions, scenarios and examples for all twenty design criteria as mentioned in

Table 1 and as used in this research is added as Appendix E.

Job Opportunities

Definition: (Description of features and limits of something)
‘Job Opportunities’ refers to the process of generating new employment oppartunities
through activities aimed at improving sanitation conditions

Scenano: (Description of possible actions or events in the future)
The implementation of the sanitation system creates job opportunities for members of the
local community

Example: {lllustration of characteristic)

Community members operate the system and are paid for their efforts

Figure 15| Exemplification of the relation between the definition, scenario, and example for the design criterion 'Job Opportunites' as

determined and used in this research
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This chapter explains the methodology of this research (See Figure 16). First, the location and context of the
case study in Hagonoy in the Philippines are introduced. Following this introduction, the FAHP methodology is
elaborated. The format of the pairwise comparison exercise as used in this research is shown before the process
of collecting and assessing the data is illustrated. Similarly, the process and the format of the FGDs are shown.
1o exemplify how this led to the conceptual designs is explained in paragraph 3.4., in which the used influent
and effluent characteristics, the process of selecting treatment technologies, the determination of the dimensions
and efficiencies of treatment steps, and the eventual comparison of technologies are explained.

1. Introduction 2. Background 3. Methodology 4. Results 5. Discussion 6. Conclusion 7. Reflection

Figure 16| Position of chapter 3. Methodology in document

3.1. Introducing the Case study
To illustrate in detail the applicability and integration of the mixed methodology to a participatory
design process for sanitation, the methodology was applied to a case study in Hagonoy, the Philippines.
The municipality of Hagonoy is located in the southwestern part of the province of Bulacan, the
Philippines, approximately 54 kilometres from the capital, Manila (Schaik, 2016; Abenir et al., 2022).
The municipality spans 103.10 kmz2, is divided into 26 so-called barangays (neighbourhoods), and
houses approximately 133,000 inhabitants (Follosco-Aspiras & Santiago, 2016; PSA, 2020).

Legend
. Pacific Ocean :
%a \ | Capital
O Location of Interest
""""""""" Municipal Border
_______ 1 Residential Area
Hagonoy __.--==" e
o &
: ¥ Manilla <
Vietnam oy qug Hagonoy 5
N N (s
S ‘& et
§ s
S b =
N " <

!~ ManilaBay "

Figure 17| Geographical Location of Hagonoy, Bulacan, the Philippines (own figure)
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Figure 198| Picture of situation in Hagonoy during tidal Figure 189 Picture of situation in Hagonoy during tidal
flood pt.1 (own figure) flood pt.2 (own figure)

Hagonoy faces pluvial, fluvial and coastal flooding, in combination with ground subsidence, due to its
location at the convergence of the Pampanga River and the Angat River discharging into Manila Bay
(Tabios III and de Leon, 2020; Jacinto et al., 2006; Rodolfo fand Siringan, 2016; Lagos et al., 2022).
While the local government and community have tried to overcome the resulting problems caused by
the flooding, many streets and homes are still affected daily. This persistent flooding, in combination
with poor sanitation, has led to the spread of contaminated wastewater (Harper et al., 2020; Odagiri et
al., 2021), threatening the well-being of Hagonoy’s residents (Williams et al., 2020). Figures 18 and 19
are pictures taken during a tidal flood in Hagonoy, showing the severity of the flooding.

Most households rely on septic tanks as their sanitation system, highlighting the need for more
comprehensive solutions to address wastewater discharge's existing health and environmental risks.
Survey data from the Hagonoy Water District, the party in Hagonoy responsible for drinking- and waste-
water infrastructure, states that the only wastewater treatment system encountered in 19625 out of
20680 households is the septic tank or a variation to the septic tank. In comparison, 1055 (5.1%)
households do not have a septic tank (Hagonoy Water District, personal communication, June 8, 2023).
The municipality of Hagonoy provided similar figures by stating that 90% of the houses contain a septic
tank. The other 10% directly discharges into the environment (Engineering Office Municipality
Hagonoy, personal communication, May 26, 2023). The in-place design guidelines for sanitation explain
the homogeneity of technologies, as the guidelines only propose a septic tank (DOH Adm. Order
No0.2019-0047, 2019). A septic tank, however, is only a form of primary treatment and does not suffice
to reduce the health and environmental risks related to wastewater effluent, hence only offering a partial
solution to the sanitation problem existing in Hagonoy (Baltazar et al., 2021).

Background information on the topography, climate, demographics, socio-economic status,
sanitation systems, and sanitation law in Hagonoy is added in Appendix F. Additionally, Figures 20 and
21 on the next page provide an image of the housing situation in Hagonoy.
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Figure 20| Picture of street in informal settlement in Figure 21| Picture of permanent flooded courtyard in
Hagonoy, adjacent to river (own figure) Hagonoy (own figure)

3.2. Introducing the Fuzzy Analytical Hierarchy Process
The FAHP methodology was applied to systematically gather information and insights into the
preferences of end-users and experts regarding the design of a new sanitation system because of its
ability to simplify complex decision problems by using pairwise comparisons. Thereby, a systematic
approach for ‘Identifying Needs’ is assessed in the Design Cycle of Figure 2. The design criteria assessed
through the pairwise comparisons in the FAHP were obtained through the systematic literature review
described in the previous chapter. Figure 22 below depicts the position of the FAHP within this research.

How can a participatory approach be implemented in the design process of a sanitation system
in the Global South to engage the local community?
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10 Figure 22| Positioning of Fuzzy Analytical Hierarchy Process (FAHP) within research
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3.2.1. Pairwise Comparisons Format

The FAHP aims to simplify the decision-making process by decomposing the problem into manageable
subsets, which are proposed to the decision-maker in pairs because a binary comparison is more
comprehensible and more straightforward to judge than a comparison of ten facets (Brunelli, 2018). The
design criteria belonging to the same category (either social design criteria or technical design criteria,
not cross-category) were proposed to participants in pairs. The facilitator presented and explained each
design criterion to participants, together with its definition in the context of sanitation. The definitions
used were based on the systematic literature review in Chapter 2. Background. To further elaborate
upon the meaning of the design criterion within the context of sanitation design, the composed scenario
for the stated design criterion was added to the answer sheet. The design criteria were compared on a
9-point Likert scale, as proposed in Table 2, following Kannan et al. (2013)

Numerical Rate Definition

1 Equally Important

3 Moderately More Important

5 Strongly More Important

7 Very Strongly More Important

9 Extremely More Important

2,4,6,8 Intermediate values between adjacent judgments

Reciprocals If factor i has one of the above numerical rates assigned to it when compared
to factor j, then j has the reciprocal value when compared to i

Table 2| Numerical values with their linguistic counterpart as used in the pairwise comparison exercise as part of the Fuzzy Analytical
Hierarchy Process

3.2.2. Pairwise Comparisons Exercise

An online survey was developed to collect the pairwise comparison data, as it allows the facilitator to
force survey guidelines and survey logic upon participants, ensuring correct data formatting and
reducing mistakes caused by misinterpretation of the question format (Nayak and Narayan, 2019). The
survey was built in Qualtrics (Qualtrics, Provo, UT). It was piloted twice: once with 2 Environmental
Engineering students at the TU Delft and once with three sanitary engineering professors (>15 years of
experience each) at the TU Delft. The feedback was used for the next iteration. An example of the final
iteration as it was proposed to participants is provided in Figure 23. The participant was first presented
with the question F23a, ‘Which criterion is more important?. The possible answers shown are the two
criteria (in this example, ‘Environmental Friendly’ and ‘Expertise Required’) and their scenarios, as well as
the option ‘Equally Important. The definition was shown when the participant hovered over the boldly
printed name of the design criterion. In case ‘Equally Important was selected, Qualtrics automatically
filled in the corresponding numerical rate as depicted in Table 2 (hence 1) without showing the slider
depicted in Figure 23. However, when ‘Environmentally Friendly’ was selected in question F23a, the slider
was shown while posing statement F23b ‘Environmental Friendly is compared to Expertise Required’,
requiring the participant to move the slider along the Likert scale and quantify how much more
important the participant deemed ‘Environmental Friendly’ to be compared to ‘Expertise Required. In case
‘Expertise Required was selected in question F23a, statement F23b was inverted into ‘Expertise Required
is compared to Environmental Friendly, again shown with the slider.
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nvironmental Friendly: ; irad: Scenario
The (by-)pToauc Te waslewaer reatment S — E__K?TTI.IS\?]R,EQ‘L;"EEI' ——
system should not affect the health of the local jually importe I R, o Lr. ;Hﬁ‘bm o =
environment in the vicinity of the treatment system _—
Statement F23b
Environmental Friendly is compared to Expertise Required .
: : Likert Scale
Equally Important Moderately More Important Strongly More Important Strongly More Impor

Figure 23| Example of pairwise comparison used in Fuzzy Analytical Hierarchy Process. This example is a screenshot from the Qualtrics
Survey used in this research, in which Environmental Friendly is scored as more essential and is ranked on the 9-point Likert scale

Unexpected poor local internet conditions ruled out the use of the online survey, after which
the on-paper answer form, as depicted in Figure 24 was developed. In the on-paper version, the design
criteria were presented in pairs, depicted by the columns ‘Option A’ and ‘Option B’ The participant was
asked to check the checkbox left of the design criterion deemed more important before quantifying the
perceived relative importance on the Likert Scale. If the criteria were deemed ‘Equally Important, both
checkboxes had to be checked, and the score one on the Likert scale was to be assigned. The scenarios
clarifying the design criteria asked in the pairwise comparisons were depicted on the right. A separate

supporting sheet contained the definitions of the design criteria.

Answer Sheet Pairwise Comparison Exercise - Social

ria from

i tant) how mt
e

hich you sh pick the most important one. Al

" Scenarios

""" Likert Scal

£ Al t 1) 4
t lignr 1 4
Cultural Alignment ) Environmental Friendly | 1 a
Ea 1 0
a
( r 1 2 4
1 2 4
E 1 4
I ) Comr i y 1 4
t t et 1 )
0 t Ith 1 1
t tal Frier 1
u N ance 1

Figure 24| Example of on-paper answer sheet for Fuzzy Analytical Hierarchy Process used in this research
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3. Methodology

3.2.3. Pairwise Comparison Data Collection

Between the 22nd of May and the 11th of June 2023, AHP data was collected from 60 community
members and six sanitation experts in Hagonoy, Bulacan, the Philippines. The community members
were recruited from six neighbourhoods in Hagonoy, which were selected in collaboration with
prominent local community members. These neighbourhoods were selected based on the poor status
of sanitation in these neighbourhoods and their proneness to flooding, which together increases the
urge for improved sanitation. It was hypothesized that inhabitants of these areas experienced more
urgency regarding the need for improved sanitation and, thereby, would be more willing to participate
in this research. Furthermore, including these low-income and disaster-prone areas ensured the
inclusion of the marginalized informal settlers. The informal settlements are — at the Bay of Manila in
the Philippines specifically — characterized by the negative effects endured by land subsidence and
flooding (Purwar et al., 2020), in combination with the effects of poor urban planning and the negligence
of construction guidelines (Usamah et al., 2014).

The community members participating in the FAHP were recruited randomly on the street by
the principal author and a local translator. In contrast, the local sanitation experts participating in the
FAHP were recruited through local contacts. Before recruiting the participants, the local translator was
instructed regarding the layout and purpose of the research to ensure alignment with the objective and
story communicated to the participants. In each of the six neighbourhoods, ten participants (18+) were
recruited — five men and five women. Participants were required to live in the respective
neighbourhoods. The local sanitation experts were recruited through the snowballing approach (Parker
et al, 2019), recruiting one participant active as municipality engineer, three active as sanitary
inspectors/sanitation workers, and two active for the local water district. The experts were required to
live and work in Hagonoy. The layout and purpose of the research project were explained to all
participants before they were asked for their informed consent regarding the use of the data they
provided, as depicted in Figure 25.

The survey was conducted by the principal author and the local translator, who assisted the
participant in filling out the survey, ensuring correct data formatting and understanding of the questions.
The survey with local community members started by asking demographical questions regarding the
age, household size, household income, educational level, and their current sanitation system. The
inquiring part of the survey started by asking the participants open
questions regarding their sanitation system, their perception of Recruiting Participants
sanitation, and what they perceived as important in sanitation
systems. After that, the design criteria and their definitions were
discussed with the participant, during which additional clarification
was provided when needed. Because of illiteracy among participants,
the local translator proposed pairwise comparisons to the participants
and filled in their answers. Once all pairwise comparisons were
completed, participants were asked for additional remarks and their Exploratory Questions
experience. In case the participant had expressed a particular opinion
or observation, follow-up questions were asked to delve deeper into
this comment.

The conversations with community members were held in the
local language (Tagalog) to improve the comprehensiveness of the Elaboration Design Criteria
research towards participants. The local translator was familiar with
the research content through an introductory meeting and a pilot of
the survey to communicate the objective of the research correctly.
Furthermore, the survey itself was translated into Tagalog (Filipino
Language) by another local translator. The Tagalog version was back- ‘
translated, allowing verification of the similarity in meaning and the
alignment between the Tagalog and the English version (Klotz et al.,
2023).

Explaining Purpose Research

Informed Consent

Explanation Pairwise Comparisons

‘ Exercise Pairwise Comparisons ‘

Follow-up Questions ‘

Figure 25| Process of Fuzzy Analytical
Hierarchy Process data collection
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3. Methodology

3.2.4. Structuring the Fuzzy Analytical Hierarchy Process Data

To mitigate potential survey fatigue and improve participant engagement in the data collection, it was
decided to reduce the number of pairwise comparisons asked of each participant from 45 to 30, using
an unbiased sampling algorithm. The pairwise comparisons were constructed for each category of
design criteria (ten social design criteria and ten technical design criteria). From Equation (1), it is
understood that cross-comparing n = 10 criteria would result in 45 pairwise comparisons per
category, as a 10 X 10 matrix has 45 pairs of opposite entries. To decrease the repetitiveness and the
possible fatigueness of participants, the total number of questions asked to each participant was
reduced. The reduction of questions asked adhered to research by Backor et al. (2007), who observed
a significant link between the number of questions and survey fatigue. Each participant was required to
provide judgments on the categories of social design criteria and technical design criteria; hence, two
pairwise comparison matrices were constructed for each participant. Each participant was asked 30
out of 45 pairwise comparisons within each category, totalling 60 pairwise comparisons asked to each
participant. The 30 comparisons asked of a participant were randomly selected from the complete list
of comparisons by an algorithm written in Python (version 3.11.3). The algorithm was built such that
the selection provided an unbiased sample of pairwise comparisons.

The 15 empty data entries in each category for each participant were calculated based on the
provided data points using the DEMATEL method as proposed by Zhou et al. (2016) and Mohamad
and Zainuddin (2021), which is further elaborated upon in Appendix G. Applying randomization
however can lead to an unbalanced distribution of the data gathered (Lim and In, 2019), as some
questions might be asked more than others. In the worst-case scenario, a pairwise comparison is not
picked, causing the value obtained from the data collection to rely on exclusively calculated values and
no stakeholder-input at all. To ensure that the obtained data for a pairwise comparison did not rely
solely on calculated values but on obtained judgments, the algorithm verified that each pairwise
comparison was asked of at least half of the respondents. Consequently, the ratio of judgments gathered
per pairwise comparisons to total data points (= data collected through judgments + data calculated
through DEMATEL) was at least 50%.

nn—1)

Unique Entries = >

(1)

3.2.5. Assessing the Judgment and Consistency

A combination of the FAHP and DEMATEL methods was applied to obtain the perceived relative
importance of the design criteria as assessed by the participants and to understand their degree of
consistency throughout the exercise. This paragraph provides an overview of the mathematical
substantiation of the analysis method, while a more elaborate version is included in Appendix G. The
relative weights and consistency ratios were calculated in Python 3.11.3 running in PyCharm (the
Python script is added as Appendix H).

Each decision-maker t provided 30 scored pairwise comparisons for each category, from which
a Pairwise Comparison Matrix (PCM) called A, was constructed using the structure as depicted in
Equation ( 2 ). The non-scored pairwise comparisons were filled in as blanks. The constructed PCMs
had the structure as depicted below:

A1 Qi

A;(nxn) = [ oo ],for participant t
An1 = Ann
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3. Methodology

To account for the impreciseness of the participants' opinions, fuzzy numbers were introduced
to AHP (Liu et al,, 2020). Because of their simple and accessible mathematical operations (Yeh, 2017;
Liu et al, 2020), Triangular Fuzzy Numbers (TFN), as depicted in Figure 26, were applied. Every
entrance a;; in the PCM A can be rewritten as the fuzzy number (a; jlowr Aijmedr @i Jjup)» Tepresenting
the lower, modal and upper values. Consequentially, the fuzzy matrix A can be rewritten into the three
separate matrices Aoy, Amea Aup, by constructing separate matrices using the values a;jiow, @;jmed-
and a;j,,, respectively. A graphical overview of a TFN is shown in Figure 26, transforming the linguistic
variables from the 9-point Likert scale into fuzzy numbers as proposed by Kannan et al. (2013).

par(x) ar(x)

Crisp Value

x 1 2 3 4 5 6 7 B8 9 x

Figure 26| Triangular Fuzzy Number - graphical overview. Figure 26a, on the left, shows the concept of a Triangular Fuzzy Number
(TFN). Figure 26b, on the right, shows the transformation from the linguistic variables used in the 9-point Likert Scale to the fuzzy
numbers.

Each participant provided 30 out of the 45 pairwise comparisons required to fill in the PCM,
after which the missing values were calculated using the Decision-Making Trial and Evaluation
Laboratory (DEMATEL) as proposed by Zhou et al. (2016) and Mohamad and Zainuddin (2021). The
missing values in Ay, Amed, Aup were replaced with zeros, which resulted in the direct relation
matrices denoted as Diow, Dmea, Dyp- The total relation matrices Ty, — with k = low, med, up — were
obtained through normalization of the direct relation matrices in combination with the absorbing state
of Markov chain matrices. By applying Equation ( 3 ), a complete pairwise comparison matrix M, for
each decision-maker was obtained, with the empty entries being replaced by values:

Tk [l']]
Tk [jr l] '

M [i,j] = with (i,j = 1,2, ...,n) and k = low, med, up

(3)

From the complete PCMs, the weight vector representing the relative importance perceived by
participants and the degree of consistency of the judgment were determined through a series of
mathematical methods. The aggregated score of the individual decisionmakers was determined
following the Geometric Mean method described by Zimmer et al. (2017) and Liu et al. (2020). As fuzzy
numbers are hard to interpret, the aggregated matrices were defuzzified using the Centroid Method,
through which complete crisp matrices were obtained (Maheswari et al., 2019; Yayla et al, 2015;
Calabrese et al., 2019). Of the crisp complete matrices, the consistency of the judgements was
determined using the Consistency Ratio (Saaty, 1977; Mohamad and Zainuddin, 2021; Sato and Tan,
2023). This ratio quantifies the irrationality of the participants’ judgment, providing insights into how
much the provided judgment matrix diverges from a consistent matrix. The matrix is deemed entirely
consistent when the consistency ratio equals zero. As the consistency ratio is calculated by averaging
the eigenvalues of the matrix, an inconsistent matrix implements error margins in the eigenvalues,
causing a deviation of the average of the eigenvalues (and hence the consistency ratio) from zero (Pant
et al., 2022). Because providing a consistent matrix becomes more complicated when the number of
pairwise comparisons is increased, Saaty (1994) introduced the consistency threshold of 0.10, which
was adopted in this research. Saaty argued that exceeding this threshold qualifies the provided judgment
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3. Methodology

matrix as unreliable, as the scores assigned to the different pairwise comparisons are inconsistent and
do not represent the participant's judgment correctly (Aguaron et al.,, 2020). To calculate the weight
vector containing the relative weights (on a scale of 1) of the judged criteria, the Logarithmic Least
Squares Method (LLSM) was applied to the complete crisp matrices (Crawford and Williams, 1985;
Gyarmati et al., 2023). The weight vector showed the prioritization of the criteria assessed through
pairwise comparisons; hence, it quantified the relative importance of the design criteria as perceived by
the participant (Lyu et al., 2020). This method was used to calculate the consistency, judgment matrix,
and weight vector for both end-users and experts as individuals and as a group. An overview of the
calculation steps, the tools used, and the applied methods is depicted in Figure 27.

TOOL

FAHP

METHOD

Physical

| Pairwise Comparison Data Collection |
p .

Excel

h

| Data Structuring |
N

Python

Y

Construction (Incomplete) Pairwise
Comparison Matrices
L 2

| Triangular Fuzzification |

v

Completion Fuzzy Pairwise
Comparison Matrices

! v

| Aggregated results | |

¥
| Aggregation of Judgments |

| Defuzzification Defuzzification |

v v

| Consistency Check | o | Consistency Check |

v v

________________________

| Weight Vector Calculation | | Weight Vector Calculation |

Figure 27| Overview applied calculation steps within Fuzzy Analytical Hierarchy Process (FAHP) as applied in this research.
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3.3. Introducing Focus Group Discussions

The FAHP was followed by four FGDs with members of the local community (3 FGDs) and with local
sanitation experts (1 FGD) to qualitatively explore how these groups would interpret the design criteria
and how this would translate into a design scope for sanitation systems. The FGDs were hypothesized
to contribute to the understanding of the needs and demands of the participants, as well as to lead to
the definition of the design scope required for the ideation phase (see Figure 28). FGDs allow data to
be obtained through discussing a specific topic from a purposely selected group (Nyumba et al., 2018).
Furthermore, Cornwall and Jewkes (1995) deemed FGDs helpful in integrating local community
knowledge with scientific research methods. The outcome of such sessions is often knowledge of
existing practices, solutions to occurring problems, or visions for the future (Hansen et al., 2019).

How can a participatory approach be implemented in the design process of a sanitation system
in the Global South to engage the local community?

Legend:
I:l MEthOd
-4— —® (ross comparison
| | Result
| I | MCDM Mult?i Criteria Decision
| i | Making tool
| | FGD Focus Group Discussion
1 T 1 T
sa2 — [ ] [
—[ Related to Subguestion
| Focus Group Discussion | ‘ Focus Group Discussion
E | | |
2 ©
7 ®
? | Design Scope |- — 1— — @Scope 3 |
i I
' | |
| | | |
I

Figure 28| Positioning of Focus Group Discussions within this research
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3. Methodology

The four FGDs held in Hagonoy in July 2023 each involved 4-7 participants recruited through
the snowballing approach. The hierarchy in Filipino cultures (Ebaeguin & Stephens, 2014) led to the
separation of local community members and local sanitation experts, reducing the risk of
misalignments and mismatches between participants when involving multiple societal layers in one
activity (Roma & Jeffery, 2010; Irani, 2018b). Three neighbourhoods of interest were selected from the
neighbourhoods involved in the FAHP exercise because the previously established contacts with
community representatives in these neighbourhoods facilitated participant recruitment for the FGD.
The recruited participants were all affiliated with the local neighbourhood office, posing the participants
as community members with an active role in their local community. The FGDs with the community
members were held in the central offices of the respective neighbourhoods. One design session — the
‘expert’ session — was held with representatives of the municipalities’ engineering department and the
sanitation/health office. These attendants were the same experts as the local sanitation experts who
provided the input for the FAHP. Representatives of the local water district were invited but were not
present during the FGD. The meeting with the local sanitation experts was held at an external meeting
location. The participants were informed in person of the purpose, layout, and ethical guidelines of the
FGDs one week before the actual session and through a written letter in the local language, Tagalog. An
overview of the FGD process is depicted in Figure 29.

Before the session started and any questions were asked, the participants were asked for their
informed consent and made familiar with the set-up. Each FGD started with an introduction of the
attendants and an explanation of the research before explaining the purpose of the session. The sessions
with the neighbourhood representatives were held in the local language (Tagalog), while the session
with experts was conducted in English. The sessions were conducted by a team of two local translators
(one leading the session, one taking notes) and the lead researcher. The team was instructed and
involved in developing the session to ensure the purpose and context of each question were clear.

Recruiting Participants
Explaining Purpose FGDs

Informed Consent

Introduction FGDs

Exploratory Questions on Sanitation

Exercises Design Criteria

Open Questions Design Criteria

Final Remarks

Figure 29| Process of Focus Group Discussions as applied in this research
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3. Methodology

Figure 30| Picture Focus Group Discussion Figure 31| Picture Focus Group Discussion Pt.2

The sessions made use of asking open questions, discussing opinions, and engaging in
collaborative exercises, enabling participants to voice their perspectives (Nyumba et al, 2018;
Robinson, 2020; Mills, 2020). Each session started by asking the participants about their perception of
sanitation systems and the purpose of sanitation systems. The sessions were started with these
questions to obtain an unbiased opinion from the participants on the definition of sanitation systems.
These discussions were followed by an exercise regarding the definition and quantification of the biggest
threats to sanitation systems in Hagonoy (referring to ‘Resilience’), an exercise regarding the
centralization or decentralization and preferred geographical location of the sanitation system (referring
to ‘Centralization / Decentralization’ and ‘Geographical Suitability), and an exercise regarding the roles that
stakeholders should fulfil in the life cycle stages of sanitation systems (referring to ‘Expertise Required’
and ‘Policy Alignment’). These exercises used visualizations of the question, as depicted in Figure 32, to
clarify these design criteria and ignite a discussion on the interpretation and application of the criteria.

Additionally, open questions were asked about the budget available among end-users for
sanitation systems, preferences regarding the lay-out and use of the system, and possible opportunities
regarding resource recovery (see Figure 32). The format of the design sessions is added as Appendix I,
which served as the guiding protocol throughout the sessions. The sessions each took 1,5 — 2 hours.
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3. Methodology

3.4. Development of Conceptual Designs

The outcome of the FAHP and the FGDs served as the input for developing the conceptual designs to
understand how the mixed methodology could fit in a community-engaged design process for sanitation
systems (see Figure 33). Parallel design cycles using the design scope determined by the local sanitation
experts and the local community members were carried out, allowing the comparison between the two
design scopes and how the engagement of the community has influenced the design process and the
developed conceptual designs. As the purpose of this exercise was to explore how input from
community members could result in different treatment trains and to show the ability of the method to
engage the community in a complex design process, differences between the design input from the
community and experts were emphasized.

How can a participatory approach be implemented in the design process of a sanitation system
in the Global South to engage the local community?

Legend:
I:l MEthOd
-4— —» Cross comparison
i | | [ -
| I | T Mult_ﬂ Criteria Decision
| i | Making tool
I I Focus Group Discussion
| | | | —[ Related to Subquestion
: | |
o m
| § |
: I “ |
|- |
| | | | Design By Guideline
| ‘ Design cycle ‘ | | Design cycle | ‘ Design Cycle I
503 | |
Design Proposal — Design Proposal I— Design Proposal

Figure 33| Positioning of Design Cycles within research

3.4.1. Influent and Effluent Characteristics

The design cycle was limited to the development of a conceptual design, proposing a treatment train
capable of treating the produced domestic wastewater such that the effluent satisfies the local General
Effluent Standards, specifically for the parameters water volume, TP, COD, NH;, and NOs*. Guided by
the design scope set by the FAHP and the FGDs, the configuration and sizing of a sanitation system
were determined. Only a selection of possible water pollutants was taken into account in the
development of the design of the sanitation system to simplify the conceptualization process.
Consequently, the resulting design cannot be implemented without further assessment of its ability to
treat other pollutants present in domestic wastewater, such as pathogens (Wang et al., 2021), heavy
metals (Chai et al., 2021), and new emerging pollutants such as PFAS (Zhou et al,, 2019).

The focus on treating the COD, phosphorous, and nitrogen originates from their impact on the
water quality of the receiving water body and the ecological balance, as COD affects the oxygen level
in the water, and high phosphorous and nitrogen levels can lead to eutrophication. High COD levels in
the water imply high oxygen consumption by organic matter, possibly leading to oxygen depletion and
thereby suffocating oxygen-dependent flora and fauna present in the water (Geerdink et al., 2017). High
levels of phosphorous and nitrogen can cause algal blooms, as algae feed on nutrients such as
phosphorous and nitrogen (Rout et al., 2021). The increased population of algae excretes algal toxins,
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3. Methodology

while decomposing algae blooms deplete the oxygen in deep water layers, leading to so-called ‘dead
zones’ where no aquatic life is possible (Wurtsbaugh et al., 2019).

Because the governmental parties in Hagonoy did not possess data on the composition of
locally produced domestic wastewater, influent characteristics were assumed based on scientific
literature. The influent characteristics were based on information from the scientific literature on the
composition of faeces and urine and the frequency of excretion of faeces and urine. This allowed the
determination of fictive volumes and concentrations of TP, COD, NHs, and NOs*. Similar assumptions
were made for greywater. Potential variations in concentrations were considered by applying a peak
factor to the concentrations of 1.5, ensuring a buffer in the treatment capacity. The adopted influent
loadings in kilogram per day, including the peak factor, are shown in Table 3.

The target effluent concentrations were obtained from the Water Quality Guidelines and the
General Effluent Standards (GES) as published by the Filipino Government, adopting the concentrations
required for a fictive freshwater body (DENR Adm. Order No.2016-08, 2016; DENR Adm. Order
No0.2021-19; 2021). The receiving freshwater body was assumed to belong to Class C as specified by
the Filipino Government, qualifying the water for fish farming, agriculture, and recreational activities
such as boating and fishing (DENR Adm. Order No.2016-08, 2016). The targeted effluent loadings in
kilogram per day for the parameters of interest as used in this research are shown in Table 3.

Blackwater Influent Effluent |
Parameter Loading Unit Loading Unit
Water Volume 1.11E+01 L/cap/day -* -*
Total Phosphorus 3.69E-03 | kg/cap/day 9.67E-03 kg/cap/day
Chemical Oxygen Demand 1.01E-01 | kg/cap/day 2.42E-01 kg/cap/day
Ammonia 991E-03 | kg/cap/day 9.67E-03 kg/cap/day
Nitrate 1.42E-04 | kg/cap/day 3.38E-02 kg/cap/day
Greywater Influent Effluent |
Parameter Loading Unit Loading Unit
Water Volume 1.50E+02 L/cap/day -* -*
Total Phosphorus 1.24E-03 | kg/cap/day 9.67E-03 kg/cap/day
Chemical Oxygen Demand 8.87E-02 | kg/cap/day 2.42E-01 kg/cap/day
Ammonia 1.09E-03 | kg/cap/day 9.67E-03 kg/cap/day
Nitrate 8.73E-04 | kg/cap/day 3.38E-02 kg/cap/day

Table 3| Table containing the wastewater-influent characteristics based on literature and effluent guidelines derived from General Effluent
Standards in the Philippines. Wastewater influent characteristics are derived from literature, including a peak factor of 1.5 for the
loadings. *= no guidelines were in place for the quantity of water discharged, but the loadings assume similar volumes as the influent, as
guidelines are based on concentrations.

3.4.2. Selection of Treatment Technologies

Possible wastewater treatment technologies were obtained from scientific literature, which were
combined into a sanitation system configuration that could treat the water so that the effluent standards,
as shown in Table 3, were satisfied. Treatment technologies were obtained from the Compendium of
Sanitation System and Technologies of EAWAG (Tilley et al., 2014), complemented by the review of
Borges Pedro et al. (2020) into sanitation technologies for flood-prone areas, the overview of sanitation
solutions for flood-prone and high table water areas by Mamani et al. (2014), and the Philippines —
Sanitation sourcebook and decision aid (Elvas and Sy, 2008). These sources were selected as they
contained elaborate overviews of wastewater treatment technologies and their advantages and
disadvantages.

The configuration of the sanitation system was composed based on the design scope set by the
FAHP + FGD methodology, the suitability and treatment efficiency of the treatment technologies
obtained from scientific literature, and the outline provided by the sequential wastewater treatment
phases as introduced in Paragraph 2.1. The Stages of a Sanitation System (Pre-Treatment, Primary
Treatment, Secondary Treatment, Tertiary Treatment, and Post-Treatment). The design scopes
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determined by the local community members and the local sanitation experts, stating their needs and
demands, were leading in developing their respective configurations. The sequential process guided the
selection of treatment technologies based on the required treatment focus; hence, the first phase of the
configuration ought to focus on the removal of solids and particles through physical separation. The
next phase of the configuration was required to (partially) remove the organic matter, organics, and
nutrients through chemical, biological, or physical treatment steps. The final phase of the configuration,
or the polishing step, was implemented to further refine the wastewater to satisfy the effluent standards.
The suitability of the treatment technologies was assessed through consultation with scientific literature
and discussions with a sanitation expert at Delft University of Technology.

Additionally to the system configurations based on the design scopes formed through the FAHP
+ FGD method, a baseline scenario was worked out representing the currently in place local design
guidelines for sanitation systems. The baseline scenario proposes the use of only septic tanks.
Furthermore, the treatment of the produced sludge was not considered, as the Hagonoy Water District
operates a sludge treatment plant in the northern part of Hagonoy, which is currently not operating at
its total capacity.

3.4.3. Sizing of Design Proposals

The dimensions and the treatment efficiencies of the individual treatment steps and the overall system
configuration were calculated in Excel using design guidelines provided by the literature. The calculation
sheets were built in Excel following the calculation steps as provided by the guidelines while allowing
the user of the spreadsheet to tweak a specific set of parameters and thereby tailor the calculated design
to the set of requirements. The spreadsheet categorized design parameters into ‘adjustable parameters),
‘scientific parameters, and ‘calculated parameters. The ‘adjustable parameters’ referred to the values
that could be altered to the desires of the spreadsheet user to enable the user to make design choices.
The ‘scientific parameters’ referred to the values obtained from scientific literature, providing input on
design efficiencies, required flow conditions, material characteristics, and optimal design parameters.
For each of these parameters, information from scientific literature was gathered to form a range of
reasonable values (see Appendix J) to substantiate the value for these parameters used in the
calculation. The ‘calculated values’ referred to the output of the calculation, providing reactor
dimensions, hydraulic retention times, and effluent concentrations of the pollutants. An example of the
spreadsheet and its structure is provided in Figure 34.

Determining the dimensions and treatment efficiency of the baseline scenario, the septic tank,
followed the Filipino design guidelines in place for septic tanks (see Administrative Order No.2019-0047
by the Department of Health — Republic of the Philippines; 2019).
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General Design
Parameters

Technology Specific Design Output Effluent Concentration
Parameters -N

Calculation Input

3 'A‘..\O{\ !
P\
o

Calculation Output

Figure 34| Example of the spreadsheet used to calculate the design dimensions and efficiencies. The blue rectangles point out the input
values, in which the yellow values refer to the ‘adjustable parameters' and the blue values to the 'scientific parameters'. The red boxes
refer to the calculated values, represented by the green values.

3.4.4. Comparison of Conceptual Designs

The designs developed based on the design scopes set by the local community members and the local
sanitation experts were compared to designs of septic tanks serving a similar number of end-users,
using the septic tanks as the baseline scenario. The comparison of the design configurations aimed to
evaluate the integration of the needs and demands put forward by the participants in the FAHP + FGD
in the conceptual designs. Including the baseline scenario in this comparison allowed the assessment
of the deviation of the new configuration to the current situation, providing input for the discussion of
the added value of engaging stakeholders in the design process. Hence, the comparison focussed on
the differences in treatment technologies, the resemblance between the conceptual designs and the
outcome of the FAHP and the FGD, and the process leading up to the conceptual designs.
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4. Results

4. Results

This chapter provides the results of the FAHP, the FGDs, and the Design Cycle. First, information on the local
community members participating in the FAHP is provided. This is followed by the results obtained from the
FAHF including the consistency ratios of the judgment matrices and the calculated criteria weights. The results
from the FGDs are presented in a table, which presents the main findings from each exercise and questions
addressed during the FGD. Lastly, the designs developed based on the input from the local community members
and sanitation experts are presented.

1. Introduction 2. Background 3. Methodology 4. Results 5. Discussion 6. Conclusion 7. Reflection

Figure 35| Position of chapter 4. Results in document

4.1. Fuzzy Analytical Hierarchy Process
This study applied the FAHP as a systematic method to understand the relative importance of design
criteria for sanitation systems as perceived by local community members and local sanitation experts.
The aim of applying this method to a case study in Hagonoy, the Philippines, is to understand the
differences in demands and needs between end-users and experts and how this affects the development
of sanitation system designs.

4.1.1. Respondents of the FAHP

In total, 60 local community members and six local sanitation experts were recruited for the FAHP
exercise. The local community members recruited for the FAHP were evenly distributed over six
neighbourhoods, as ten participants were recruited in each neighbourhood. Out of ten participants in
each neighbourhood, five were males and five were females, totalling 30 male and 30 female
participants for the FAHP. Six local sanitation experts were recruited to fill in the FAHP. The experts
were one engineer from the municipality office, three employees from the sanitation/health office, and
two employees from the Hagonoy Water District. As only six local sanitation experts were part of this
study, information of too few experts was available to draw conclusions linking these experts'
demographical distribution to the FAHP outcome. Therefore, no demographic distributions were
constructed of the local sanitation experts.

The age of the community members participating in the FAHP was evenly distributed over the
specified age categories. All participants were adults. Out of all participants, 12% were below 24 years
old. Out of 60 participants, 18% were between 25 and 34 years old, 23% were between 35 and 44 years
old, 20% were between 45 and 54 years old, and 27% were over 55 years old.

The community members were asked about the highest finished educational level. Five of the
sixty participants were unwilling to share this information. Of the remaining participants, 23% stated

primary school as their highest completed o
education, 30% mentioned high school, Distribution Monthly Household Income of Local

and 38% stated they had attended college. Community Members Participating in FAHP

Participating local community
members were asked to quantify their
household's monthly income according to
the income ranges, as shown in Figure 36. 24
Of sixty participants, 40% were unwilling to
share their monthly income or could not
disclose a monthly amount. Therefore,
these participants were assigned to the
group ‘undisclosed. Of the participating
community members, 32% stated that their
household earned less than 10.957 Filipino
Pesos (PHP) per month, while 18%

= <10,957 [PHP]

= 10,057 - 21,194 [PHP]
21,194 - 43,828 [PHP]
43,828 - 76,669 [PHP]

= Undisclosed [PHP]

1 11

5
members participating in the Fuzzy Analytical Hierarchy Process exercise,
expressed in Filipino Pesos

48



OCoo~NOOULLDE WN

=
o

11

12
13

14
15
16
17
18
19
20
21

22

23
24

4. Results

mentioned earning between 10.957 PHP and 21.194 PHP monthly. Eight percent stated a monthly
income between 21.194 and 43.828 PHP, while the remaining two percent earned more than 43.828
PHP per month.

Participating community members were asked how many people they shared their sanitation
system. Of sixty participants, 62% shared their toilet with one to five persons, while 27% shared their
toilet with six to eight persons, as can be seen in Figure 37. Only one participant stated to share their
toilet with more than twelve persons, while four participants shared their toilet with nine to twelve
persons. Two participants did not provide information on how many people they shared their sanitation
system with.

Distribution Household Size of Local Community
Members Participating in FAHP

o

Figure 37| Pie-chart showing the number of people with whom participants shared their toilet. Participants refer to local community
members from Hagonoy, the Philippines, who participated in the Fuzzy Analytical Hierarchy Process exercise.

w 1-5 persans
= 6-8 persons
= 9-12 persons
More than 12 persons
= Undisclosed

Among the participating local community members, the main variant of sanitation systems
present was the septic tank, as 76% of the participants flushed their toilet effluent into a septic tank.
Most toilets connected to septic tanks were manually flushed (44 out of 46), while only two toilets were
mechanically flushed to septic tanks. One interviewee had no toilet and defecated directly into the river,
while 20% of the participants flushed their toilet effluent straight into the river. One of the
neighbourhoods had piloted the installation of plastic drums instead of septic tanks, explaining one
participant's mentioned use of a drum (see Figure 38).

Distribution Toilet System Use of Local
Community Members Participating in FAHP

= Manual flush to septic tank

= Manual flush to river

= Manual flush to drum
Mechanical flush to septic tank

= Straight to river

Figure 38| Pie-chart of the sanitation systems used by local community members in Hagonoy, the Philippines, participating in the Fuzzy
Analytical Hierarchy Process exercise
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4.1.2. Assessment of Collected FAHP Data

While data was collected from sixty local community members and six local sanitation experts, the
number of data entries per pairwise comparison differed because of the applied randomization.
Nevertheless, the randomization of pairwise comparisons ensured a minimum of thirty data points
obtained from community members per pairwise comparison. The random selection of the pairwise
comparisons asked of each participant resulted in between 32 and 47 (out of 60 possible) answers from
local community members per pairwise comparison of social design criteria. For technical design
criteria, the minimum is 32, and the maximum is 49 data entries for each pairwise comparison. Six local
sanitation experts took part in the FAHP exercise, which, because of the randomization, resulted in two
to six data entries per pairwise comparison for both the social and the technical design criteria.

The average absolute scores assigned to the individual pairwise comparisons ranged from 4.47
to 6.49 for the local community members, while the average absolute scores of each pairwise
comparison as assigned by local sanitation experts ranged from 1.00 to 8.75. The scores are the absolute
averages; hence, these averages measure the weight assigned by a participant. The scores are measured
on a scale of 1.00 to 9.00, in which 1.00 refers to the compared criteria being considered ‘Equally
Important’, while 9.00 refers to one of the two criteria being deemed ‘Extremely More Important than the
other criterion. Local community members assigned average scores between 4.47 and 6.49 to the
pairwise comparisons of social design criteria, with percentual standard deviations ranging between
34% and 71%. Similarly, the scores assigned to the pairwise comparisons of technical design criteria
ranged from 4.75 to 6.36, with percentual standard deviations between 35% and 57%. The local
sanitation experts assigned average absolute scores between 2.33 and 8.75 to the pairwise comparisons
of social design criteria, with percentual standard deviations ranging from 6% to 138%. For technical
design criteria, the pairwise comparisons were scored on average between 1.00 and 8.33, with
percentual standard deviations ranging from 0% to 133%.

Individual participating local community members provided average absolute scores
(determined per participant) ranging from 1.33 to 9.00, while the scores provided by local sanitation
experts ranged from 2.79 to 9.00 per expert. Scores assigned by individuals belonging to the local
community ranged from 2.60 to 9.00 for social design criteria, while scores ranged from 1.33 to 9.00 for
technical design criteria. The local sanitation experts provided scores ranging from 3.27 to 9.00 and
2.79 to 9.00 for social and technical design criteria, respectively. Among both the local community
members and the local sanitation experts, one individual provided average absolute scores of 9.00 to
one of the design criteria in each pairwise comparison.

50



OCoo~NOOULDE WN -

10
11
12
13
14
15
16
17
18
19
20

21
22

23
24
25
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4.1.3. Consistency Ratios of the FAHP

Out of the sixty participating community members, only 13 (21.60%) could provide pairwise
comparison matrices for both the social and technical design criteria that satisfied the consistency
threshold of 0.10, while three out of six experts (50%) provided two consistent matrices. The
consistency ratio proposed by Saaty (1980) was calculated to quantify the (mis-)alignment between the
scores assigned to the pairwise participant comparisons. If the CR of a pairwise comparison matrix was
equal to or below 0.10, the matrix and hence the judgment were deemed consistent. Out of the sixty
local community members participating in the exercise, 34 participants provided an inconsistent matrix
for the social design criteria, and 34 community members provided an inconsistent matrix for the
technical design criteria. Among the local sanitation experts, one expert provided an inconsistent matrix
for the technical design criteria, while two (other) experts provided inconsistent matrices for the social
design criteria. The consistency ratios for social design criteria matrices provided by local community
members ranged from 0.04 to 0.23 with a median of 0.11, while the social design criteria matrices of
local sanitation experts had consistency ratios ranging from 0.03 to 0.14 with a median of 0.07, as is
depicted in Figure 39 below.

The consistency ratio was also calculated for the matrices constructed by aggregating all
matrices by individual participants, equalling 1.47E-03 and 2.09E-03 for the social and technical
matrices from local community members, respectively and equalling 1.81E-02 and 1.12E-02 for the
social and technical matrices from local sanitation experts.

Consistency Ratios of Pairwise Comparison Matrices Provided by End-Users
and Experts in FAHP
03

0.25

=
a

B social Design Criteria - Experts

M Technical Design Criteria - Experts

[T social Design Criteria - End-user

M Technical Design Criteria - End-user

Consistency Ratio | - ]
o
o

o
o

0.05

1

Figure 39| Range of Consistency Ratios of Pairwise Comparison Matrices as provided by local sanitation
experts and local community members in Fuzzy Analytical Hierarchy Process exercise.

0

51



OCoo~NOOULDE WN -

10
11
12

13
14

15
17

18

19
20

21
23

4. Results

4.1.4. Spread of Relative Weights of Design Criteria Calculated by the FAHP

For each local community member and the local sanitation experts, the weight vector depicting the
relative importance of each criterion was calculated from the pairwise comparison matrices. The
calculated weights per social design criterion of the sixty individual local community members are
shown in Figure 40, while the weights calculated for the six individual local sanitation experts are shown
in Figure 41. Both boxplots show the spread of the calculated criteria weights. Each boxplot for each
design criterion shows the minimum (the lower whisker), the 25th percentile or first quartile (the lower
boundary of the box), the median (the line in the middle of each box), the 75" percentile or third quartile
(the upper boundary of the box), the maximum (the upper whisker), and the outliers (the dots outside
of the whiskers). In this case, both the minimum and maximum are defined as 1.5 times the interquartile
range.

Distribution of Social Design Criteria Weights Calculated by FAHP with Input from Local Community Members

(n=60)
0.6
0.5 . M Centralization
B Community Health
o .
0.4 ° . . I Cultural Alignment
[T Ease of Use
L] e . °
® M Environmental Friendly
03 ° . . . s
. ® . B Expertise Required

B Job Opportunities

. .
B Nuisance
B Policy Alignment
M Aesthetics

1

Figure 40| Distribution of relative weights of social design criteria as obtained from the Fuzzy Analytical Hierarchy Process, using the
data of 60 local community members in Hagonoy, The Philippines. The whiskers represent the 1.5xInterQuartileRange , the dots represent
the outliers in the data, the box represents the 50% quartile of the values, and the line in the middle of the box represents the median
value.

0.1

‘Weight of criterion in individual weightvectors [ - ]

0

Distribution of Social Design Criteria Weights Calculated by FAHP with Input from Local Sanitation Experts

(n=6)
0.6
= 05 M Centralization

B Community health
04 [ cultural Alignment

[T Ease of Use

M environmental friendly
03 .

M Expertise Required
W Job Opportunities

02 B Nuisance
T B Policy Alignment
0.1 — - M Aesthetics

0

‘Weight of criterion in individual weightvectors [

Figure 41| Distribution of relative weights of social design criteria as obtained from the Fuzzy Analytical Hierarchy Process, using the
data of 6 local sanitation experts in Hagonoy, The Philippines. The whiskers represent the 1.5xInterQuartileRange. The dots represent
the outliers in the data, the box represents the 50% quartile of the values, and the line in the middle of the box represents the median
value.
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The boxplots of the weight vectors calculated for the technical design criteria based on the input
from the local community members and the local sanitation experts are depicted in Figure 42 and
Figure 43 below.

Distribution of Technical Design Criteria Weights Calculated by FAHP with Input from Local Community Members

(n =60)
0.6
0.5 I Capital Expenditure
M Geographical Suitability
04 - - ° . [7 Local Construction Resources
. . ° M Operational Expenditure
b . M Resilience
0.3
° M Resource Recovery

[T Resource Use
0.2

°
@ ° [H Robustness
o
["] safe Product Disposal
0.1 l M System Performance

o]
Figure 42| Distribution of relative weights of technical design criteria as obtained from the Fuzzy Analytical Hierarchy Process, using
the data of 60 local community members in Hagonoy, The Philippines. The whiskers represent the 1.5xInterQuartileRange, the dots
represent the outliers in the data, the box represents the 50% quartile of the values, and the line in the middle of the box represents the
median value.

‘Weight of criterion in individual weightvectors [ - ]

Distribution of Technical Design Criteria Weights Calculated by FAHP with Input from Local Sanitation Experts

(n=56)

0.6
=z 0.5 I Capital Expenditure
S . -
S I Geograpical Suitability
1=
% 04 [T Local Construction Materials
; B Operational Expenditure
=
= M Resilience
g 03
E B Resource Recovery
é [T Resource Use
% 02 1 Robustness
o
g [71 safe Product Disposal
=
g 0.1 j - - —— M system Performance

0
Figure 43| Distribution of relative weights of technical design criteria as obtained from the Fuzzy Analytical Hierarchy Process, using
the data of 6 local sanitation experts in Hagonoy, The Philippines. The whiskers represent the 1.5xInterQuartileRange, the dots represent
the outliers in the data, the box represents the 50% quartile of the values, and the line in the middle of the box represents the median
value.
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4. Results

4.1.5. Aggregate Weights Calculated by the FAHP
The FAHP combined the pairwise comparison matrices of the individual participants into one aggregate
judgment matrix, from which the aggregate relative weight of the design criteria was calculated for both
the local community members and the local sanitation experts. The weights from the weight vector for
the social and technical design criteria are shown in Figure 44 and Figure 45, in which the weights
determined by the local sanitation experts and the local community members are compared. The
determined weights are on a scale of 1.

Aggregate Weights per Social Design Criterion - Comparison
Local Sanitation Experts VS Local Community Members

H Expert
i ‘ B Enduser
& b\;g .@b &P & &

0.25

Relative Weight [ -]
(=] (=]
= o = o
o w — o 2%}

PO é\é\\ N 5 S & S
I 0 & ¢ ¢S
& {§\ w & & X &£ <= ™ s
& & @ v & & &
Q}\

Figure 44| Comparison of the relative weights for social design criteria for sanitation systems as calculated from the aggregate
Jjudgment matrix, based on the Fuzzy Analytical Hierarchy Process data from six local sanitation experts and sixty local
community members in Hagonoy, the Philippines. The weights are on a scale of 1.

The weight vector for the social design criteria calculated from the aggregated pairwise
comparison matrix shows that local community members (end-users) and local sanitation experts
(experts) perceive ‘Community Health’ as the most crucial social design criterion when designing
sanitation systems. The local community members assign a relative weight of 0.20 on a scale of 1.00 to
‘Community Health’, followed by ‘Environmental Friendly’ and ‘Ease of Use’ with scores of 0.15 and 0.12,
respectively. Among experts, ‘Community Health” was assigned a score of 0.22, followed by ‘Policy
Alignment and ‘Expertise Required’ with scores of 0.17 and 0.12, respectively. Out of the sixty
participating local community members, fourteen community members (23%) pointed out ‘Community
Health’ as the most important design criterion. Other community members highlighted ‘Environmental
Friendly’ (11/60 community members; 18%) and ‘Ease of Use’ (9/60 community members; 15%) as the
most important social design criterion for a sanitation system. The local sanitation experts appointed
‘Community Health’ (3/6 experts; 50%), ‘Policy Alignment’ (2/6 experts; 33%), and ‘Aesthetics’ (1/6
experts; 17%) as the most crucial social design criteria.
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Aggregate Weights per Technical Design Criterion - Comparison
Local Sanitation Experts VS Local Community Members
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Figure 45| Comparison of the relative weights for technical design criteria for sanitation systems as calculated from the aggregate
Judgment matrix, based on the Fuzzy Analytical Hierarchy Process data from six local sanitation experts and sixty local community
members in Hagonoy, the Philippines. The weights are on a scale of 1.

Among the technical design criteria, the local community members and sanitation experts
participating in the FAHP point out ‘Safe Product Disposal’ as the most critical technical design criterion
when designing sanitation systems. The local community members have assigned a relative weight of
0.19 on a scale of 1.00, while the local sanitation experts assign a weight of 0.22 to ‘Safe Product
Disposal’. Furthermore, local community members perceived ‘Robustness’ and ‘Resilience’ as crucial
technical design criteria, as the calculated relative weights are equal to 0.16 and 0.11, respectively. On
the other hand, the local sanitation experts assigned relative weights of 0.17 to ‘Resilience’, while
‘Geographical Suitability’ completed the top three with a relative weight of 0.13. Out of sixty participating
community members, eighteen individuals (30%) appointed ‘Safe Product Disposal’ as the most critical
technical design criteria, followed by ‘Robustness’ (10/60 community members; 17%) and ‘Resilience’
(7/60 community members; 12%). Additionally, 7/60 community members (12%) appointed ‘System
Performance' as the most critical technical design criterion but was assigned a lower relative weight on
average. For the local sanitation experts, the criteria appointed to be the most critical technical design
criteria are ‘Safe Product Disposal’ (2/6 experts; 33%), ‘Geographical Suitability’ (2/6 experts; 33%),
‘Resilience’ (1/6 experts; 17%), and ‘System Performance’ (1/6 experts; 17%).
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4.2. Focus Group Discussions

4. Results

The results of the FGDs contribute to the understanding of the desires, needs and perceptions of the
participating local community members and the local sanitation experts regarding the design of a
sanitation system. A summary of the main takeaways of the FGD with the local sanitation experts and
the three FGDs with local community members is provided in Table 4. The results stated in the column
of the ‘Local Community Members’ are marked by superscripts, referring to discussion from which this
specific answer to the question or perception regarding a design criterion was obtained.

Local Sanitation Experts

Local Community Members

What is a sanitation system?

e Complete system for collection and disposal of
liquid and solid waste from households and
enterprises

° Septic SyStems““
e A system that properly disposes human
waste into environment!#*

What is the purpose of sanitation systems?

e To improve community health by preventing
the spread of water-borne diseases

e To improve environmental health by
decreasing the contamination of water

e To improve community health by
preventing the spread of water-borne
diseases’?

¢ To improve the quality of surface water and
groundwater?

e To protect fish farms from diseases’

What do you perceive as threatening a functioning sanitation/toilet system, and why?

[Resilie

nce]

Ground Subsidence
o Causes septic tanks to sink, crack and leak
e Increased relative water level, submerging
septic tanks and disabling their use

Temperature
e Higher temperature increases the efficiency of

the sanitation system due to increased
bacterial activity

Earthquake
e In severe cases, it causes cracks in systems,

resulting in leaks

Flooding
e Systems cannot be used during floods

Ground Subsidence
e Causes septic tanks to sink, crack and leak®
¢ Increased relative water level, submerging
septic tanks and disabling their use?
¢ No effect, as the system is underground"
Temperature
e Increased temperature raises the pressure
in the tank, which, in the absence of
ventilation, can lead to an explosion®?
e No problems expected’
Earthquake
o In severe cases, it causes cracks in systems,
resulting in leaks'*?
Flooding
e Systems cannot be used during floods'
e Transmits waterborne diseases’”

Typhoon!
e Increases the effects of the floods!

Discipline of Community®
o Not all households abide by the rules and
possess a septic tank®
Poverty®
e The quality of materials in systems is
insufficient to save money®
e Less knowledgeable experts are consulted
to save money®
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Local Community Members

For how many households should a sanitation syst

em be designed, and where should it be placed?

[Centralization/Geographical Suitability]

e One household per system
e Placed in river

e 4-5 households per system®
e 2 households per system?

¢ 5-10 household per system?
e Placed near fishpond'?

Which parties should be involved in the design phase, the construction phase, the maintenance
phase, and the daily operation?

[Expertise Required]
Barangay Barangay

e Concerned with communication between
parties in every phase
e Prepares initial plan/design

Contractor
e Executes the design

Hagonoy Water District
¢ Overseeing construction

¢ Responsible for maintenance
Household
¢ Consulted for planning construction

Municipality
e Overseeing progress and parties
e [n charge of the final design

e Controlling the design, the permits, and
maintenance'”
e Concerned with communication between
parties®
Contractor
¢ Reviews and executes the design'*?
e Initiates the process?
Hagonoy Water District
e Initiates and leads the process"*
e Overseeing progress and parties?
Household
¢ Consulted for opinion on plan®*
e Involved after implementation’
Municipality
e Overseeing progress and parties'*?
e In charge of final design'

Which materials would you preferably use for a sanitation system?
[Locally Available Construction Materials]

e Hollow blocks and cement
e Plastic tanks

e Double-walled concrete tanks!
e Metal tanks'?3

e Single-walled concrete tanks®?
e Fiber tanks?

e Plastic tanks?

What is the targeted frequency of
[Robust

replacement and maintenance?
ness]

e Replacement only after malfunctioning
e Maintenance, in theory, every five years, in
practice when malfunctioning

e Replacement only after malfunctioning’*?

e Maintenance in theory every five years, in
practice when malfunctioning'*?

What should be the maximum initial costs per household of a sanitation system?
[Capital Expenditure]

e 30.000 — 50.000 PHP per household

e 15.000 — 20.000 PHP per household?
¢ 20.000 PHP per household'

¢ 20.000 — 30.000 PHP per household?
e Government should provide subsidy’
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Local Community Members

Which current practices have to be implemented in a new sanitation system?

[Cultural Al

ignment]

o Sitting toilet, more comfortable
e Bucket with dipper, due to little water
consumption

e Sitting toilet, more comfortable"**

e Bucket with dipper, prevents additional
waste'®, does not irritate skin?, and is
cheap?

Which other resources are allowed to be
[Resourc

used for the treatment of wastewater?
e Use]

e As long as the costs are low, the use of
resources to treat the water is possible

e As long as the costs are low, the use of
resources to treat the water is possible!?

Which amount are people willing to pay monthly for wastewater treatment? [Operational
Expenditure]

e 50 — 150 PHP per month per household

e 150 PHP per month per household?

e 150-400 PHP per month per household'

e 200-500 PHP per month per household?

e Currently, paid HWD fare is unfair, as not
everyone was aware of the instalment and
the use of the money'*

Are you willing to reuse materials recovered from treating wastewater daily?
[Resource Recovery Potential]

e Biogas and fertilizer are both desired products
e Unfamiliar process raises scepticism about
social acceptance

e Biogas and fertilizer are both desired
products’*?
e Unfamiliar process raises scepticism about

social acceptance!®?

Table 4| Summarized overview of the outcome of Focus Group Discussion with local sanitation experts and local community members
in Hagonoy, the Philippines. The superscripts refer to the number of Focus Group Discussions from which this statement originates, as

three separate Focus Group Discussions were carried out with local community members. The bold printed questions in the light yellow
boxes refer to the questions asked to the audience, while the text between brackets refers to the corresponding design criteria used in this

research.
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4.3. Designs of the Sanitation Systems

The design cycles using the design scope as determined by the FAHP + FGD method resulted in the
sanitation system for local community members, as shown on the next page in Figure 46, and the
sanitation system for local sanitation experts, as shown in Figure 47. In addition to the developed
conceptual designs, designs for septic tanks following the locally in-place design guidelines were
developed (see Figure 48) to show how the newly developed designs compare to the current situation.
The sanitation systems were designed such that the effluent of the final treatment stage complies with
the General Effluent Standards of the Filipino government for the parameters TP, COD, NH3, and NO;*
as they were earlier depicted in Table 3.

The dimensions and treatment efficiency of the septic tank design were determined twice, in
which the two designs differed in the number of people served. One version was designed to serve 20
persons, while the other version was designed to serve five persons. This was done to demonstrate an
equal comparison based on the number of people served between the improved and conventional
designs according to the local guidelines.

43.1. Treatment Processes

For both the LCM! and LSE? designs, (partial) source separation of blackwater (the effluent from the
toilet) and the greywater (the effluent from the shower, kitchen, washing, etc.) was assumed, while both
systems consist of the successive stages described in Chapter 1.1; pretreatment, primary treatment,
secondary treatment, tertiary treatment, and post-treatment. The technologies for each of the stages
were obtained from scientific literature (used sources: Tilley et al. (2014); Borges Pedro et al. (2020);
Mamani et al. (2014); Elvas and Sy (2008)) and were selected based on the alignment of the technologies
with the design scope set by the local community members and the local sanitation experts.
Additionally, the principal author assessed the possible technologies for their applicability and suitability
in the local context before the technologies for the conceptual design were selected and worked out.
The greywater in both systems was partially (50%) by-passed to the aerobic phase of the treatment to
increase the dissolved oxygen level of the Anaerobic Filter effluent. The other 50% of the greywater
influent was merged with the blackwater before entering the primary treatment step. In both systems,
an oil-and-grease trap was included as the pre-treatment step for 100% of the greywater to remove the
oil and grease to prevent clogging of the successive treatment steps. The design of the oil-and-grease
trap was not included in this research.

The first design, using input from the local community members, consisted of an Anaerobic
Baffled Reactor (ABR), Anaerobic Filter (AF), Horizontal Subsurface Flow Filter (HSFF), and a fishpond.
The LCM system contained an ABR as the primary treatment step. The ABR was designed with a
settling chamber and four vertical baffle chambers, targeting the decrease of COD through the physical
removal of organic and oxidizable inorganic substances. The effluent of the ABR was directed to the
AF, which was the secondary treatment step. An AF removes dissolved organic matter through
biological removal processes and filtration, which was implemented to decrease the COD level further.
The effluent from the AF in the LCM system was combined with the by-passed greywater to increase
the dissolved oxygen level. The combined water flow was directed into an HSFF; the tertiary treatment
step mainly focussed on removing the nutrients (TP, NH; and NO;*) present in the wastewater. The
wastewater effluent from the HSFF entered the fishpond, which was the polishing or post-treatment
step in this treatment system.

The LSE design consisted of an Anaerobic Biodigester (AnB), an Anaerobic Filter (AF), a Slow
Sand Filter (SSF), and a Horizontal Subsurface Flow Filter (HSFF). The primary treatment step in the
LSE system was an AB. In an AB, organic material is broken down through digestion in anaerobic
conditions by microorganisms, which produce biogas during the conversion of the organic material. The
effluent of the AB is directed to the secondary treatment step containing an AF, in which the
concentration of dissolved organic matter is further reduced through biological removal and filtration.

' LCM = The conceptual design for the sanitation system developed based on the input of the Local Community Members
2 LSE = The conceptual design for the sanitation system developed based on the input of the Local Sanitation Experts
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The wastewater obtained from the AF is mixed with the by-passed greywater to increase the dissolved
oxygen level. The mixed water enters the tertiary treatment step of the SSF, targeting the further removal
of nutrients and organics through physical removal.

Biological removal occurs in the SSF due to the schmutzedecke (= film of biologically active
microorganisms) formed on top of the sand column. The effluent of the SSF enters an HSFF, in which
the plants planted in the soil layer take up nutrients present in the wastewater flowing through the porous
soil medium. Furthermore, the porous medium entraps particles, filtering the wastewater. The effluent
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Figure 48| Schematic overview of the treatment stages of the conceptual sanitation system design developed based on the input from
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4.3.2. Treatment Design

The septic tanks proposed by the local design guidelines are classified as primary treatment systems
but have a lower COD removal efficiency (= 30%) compared to the AnB (= 40%) and the ABR (= 90%).
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4. Results

It is important to note that the influent water volume in the AnB and the ABR was equal to the
blackwater influent and half of the greywater, while the septic tanks were designed to treat both the
blackwater influent and all of the greywater influent. The design guidelines for septic tanks allowed the
determination of the removal efficiency of COD, while the removal efficiency of the AnB was
determined through its COD balance and the removal efficiency of the ABR was determined through
the design guidelines of UPM (UPM, 2021a). The nutrient removal was assumed to be 20% for TP,
COD, NHs, and NO;* in each of the treatment designs. The COD removal efficiency of the septic tank,
as determined through the design guidelines, was dependent on the number of people served; hence,
the COD removal efficiency was 31% for the septic tank serving 20 people (four households) and 33%
for the septic tank serving five people (one household). The calculated volume of the septic tank serving
five people — the baseline scenario for the LSE system — was equal to 3.15 m?, while the AnB in the LSE
system had a calculated volume of 10.33 m®. The septic tank serving twenty people has a volume of
11.92 m?®, while the ABR has a total volume of 4.89 m?®. Appendix K includes technical drawings,
including the dimensions and parameters of each treatment technology's designs.

The AF in the LCM system had a calculated COD removal efficiency of 55%, serving 20 people.
In comparison, the AF in the LSE system had a calculated COD removal efficiency of 63%, serving five
people. The COD removal efficiency and the sizing of these secondary treatment steps were
determined following the guidelines set by UPM for the design of AFs —see UPM (2021b). On the other
hand, the removal efficiencies for the nutrients were based on scientific literature, based on which a
nutrient removal efficiency of 20% was assumed. The AF in the LCM system had a reactor volume of
11.25 m® and a filterbed volume of 5.63 m®. The AF in the LSE system, serving five people, was designed
to have a reactor volume of 3.00 m* and a filterbed volume of 1.50 m*. An overview of the dimensions
and flow conditions of the designs are included in Appendix K.

The tertiary treatment system in the LSE system consisted of the SSF and the HSFF to target
the removal of the remaining COD and the nutrients, while the tertiary treatment step in the LCM
system consists of only a HSFF. In both systems, the by-passed greywater is mixed with the effluent of
the secondary treatment step, which causes an increase in COD- and nutrient-loading due to the
pollutants present in the by-passed greywater. The LSE system’s SSF removed 80% of the COD and
20% of the nutrients in the reactors’” influent, with all removal efficiencies derived from the scientific
literature. The column of the SSF had a total volume of 0.81 m®. The dimensions and efficiencies of the
HSFF were determined following the design guidelines proposed by Reed et al. (1998). In these
guidelines, the desired effluent concentration is the leading parameter, as the dimensions are calculated
based on the targeted removal efficiency, which is directly proportional to the chosen effluent
concentration. The HSFF in the LSE system is the final treatment step before the wastewater is
discharged. Hence, the effluent has to comply with the General Effluent Standards.

Consequently, the HSFF in this system is required to remove 89% of the NH3 and 76% of the
TP, while the concentration of COD and NOs* already comply with the regulations and hence were not
leading in the design. The removal of NH; was the leading factor in the design process, requiring a total
surface area of 65.98 m* and a depth of 0.60 m. The HSFF in the LCM system is required to remove
75% of the TP, 58% of the COD, and 88% of the NHs. The effluent standard for NOs* was already
satisfied. Again, removing NH;s was the process determining the sizing of the HSFF, resulting in a
required surface area of 64.80 m? with a depth of 0.60 m. An overview of the dimensions and flow
conditions of the designs are included in Appendix K. The treatment efficiency of the fish pond was
assumed to be 30% for all parameters. As no design guidelines for the sizing of fishponds were available,
the dimensions of the fish pond required for sufficient nutrient removal could not be determined.

Schematic overviews of removing the pollutants of interest per process phase for the
conventional septic tank system, the LSE system, and the LCM system are provided in Figures 49, 50,
and 51.
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Figure 49| Flow-chart sanitation system currently in place, in which the colours represent the pollutant concentration in the effluent of
the treatment step. GES refers to the Filipino General Effluent Standards. TP, COD, NHs, and NO3* refer to Total Phosphorus,
Chemical Oxygen Demand, Ammonia and Nitrate
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Figure 50| Flow-chart of sanitation system designed using end-user input, in which the colours represent the pollutant concentration in
the effluent of the treatment step. GES refers to the Filipino General Effluent Standards. TR, COD, NHs, and NOs* refer to Total
Phosphorus, Chemical Oxygen Demand, Ammonia and Nitrate

/1IN

0il & Grease
Trap

Effluent Level

. >15x GES

10-15x GES

5-10x GES
1-5x GES

<1x GES

@00e

Figure 51| Flow-chart of sanitation system designed using expert input, in which the colours represent the pollutant concentration in
the effluent of the treatment step. GES refers to the Filipino General Effluent Standards. TP, COD, NHs, and NO# refer to Total
Phosphorus, Chemical Oxygen Demand, Ammonia and Nitrate
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5. Discussion

5. Discussion

Having presented the results in the previous chapter, this chapter presents the interpretation of the results in light
of the research questions. Moreover, the findings of this research are connected to previous findings stated in the
literature. The paragraph presented in this chapter aims to answer the research questions in Chapter 1.

Introduction. First, the main research question is answered before moving on to the sub questions. At the end of
this chapter, the discussion cycles back to participatory sanitation planning, after which the design cycle as

carried out in this research is thoroughly assessed. Building on this assessment, the limitations are discussed,

and recommendations for future sanitation planning processes are developed.

5.1.  Engaging Local Community Members in a Sanitation Design Process

This research addressed the scientific knowledge gap on how to systematically engage local community
members in the Global South by applying a mixed methodology of FAHP and FGDs to a sanitation
planning process in Hagonoy, the Philippines. It was hypothesized that applying the mixed methodology
of FAHP + FGD would allow the systematic engagement of community members in determining the
needs and demands posed centrally in the design process, thereby overcoming the limitations of
confined decision freedom observed in sanitation planning tools in which the solution space is
predetermined.

The proposed conceptual designs showed that using the FAHP + FGD method enables
stakeholders to develop the designs, as the differences in the design scopes derived from the mixed
method can be recognized in the proposed designs. Because the design process did not make use of a
preselected set of technologies on which the trade-offs were based but instead defined the design scope
using the preferences of stakeholders as expressed through the FAHP + FGD, the outcome of the design
process became flexible (Kvarnstrom and McConville, 2007). This flexibility increases the relevance of
the planning tool for local cases while increasing the engagement of the community in decision-making
regarding their future (Luthi et al., 2009).

It was demonstrated that the FAHP + FGD could improve the alighment of the sanitation
system designs with the experiences and perceptions of the local community members and the local
sanitation experts. From the FAHP + FGD results with local community members, a preference for a
semi-centralized system (serving four to five households) located near the fish pond was understood.
Consequently, the developed sanitation system is designed to serve four households and discharges in
the fish pond. Similarly, the negative experience of local sanitation experts regarding the maintenance
of sanitation systems shared among households and the high ranking of ‘Resource Recovery Potential’
in the FAHP have led to a decentralized sanitation system in which the primary treatment step is an
AnB producing biogas. Thereby, the FAHP + FGD method answers the call of Jimenez et al. (2019) for
an effective sanitation design tool that includes community members and their local knowledge.

However, applying the FAHP + FGD method was limited to understanding the demands and
needs of stakeholders and shaping the design scope, as the design criteria were obtained from literature
and the principal author led the development of the conceptual design. The aim of the first step among
the successive steps of the design cycle, as described by Liedtka (2015), is ‘problem comprehension,
which aims to understand the challenges and experiences of stakeholders regarding sanitation systems.
The principal author shaped the problem definition regarding the sanitary situation in Hagonoy and the
observed lack of participation in the design process based on scientific literature and local observations,
limiting the participation of stakeholders in this phase to ‘consultation’ Local community members and
sanitation experts were asked about their problematic experiences regarding sanitation systems and the
design process. However, the principal author phrased the methodology to obtain the design and the
objectives of the design process. While this choice was made because of time and financial constraints,
it is argued that the implementation of the FAHP + FGD does not establish stakeholder participation
surpassing the level of ‘consultation” in the comprehension of the problem, as the expectations of
stakeholders regarding the outcomes of the design process are not adequately defined (Kpamma et al.,
2017).
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The FAHP + FGD, on the other hand, did offer a systematic method through which stakeholders
could express their preferences regarding a sanitation system, allowing them to influence the design
scope. Through pairwise comparisons, the complex problem is translated into information and
decisions accessible for non-expert stakeholders (Liu et al., 2020), hence answering the prerequisite set
by Kain et al. (2021) to make the technical design process more understandable and enhance
stakeholder participation. Because of the influence asserted by stakeholders on the demands, the needs,
and the formed design scope, the stakeholders are deemed to be ‘collaborating” with the facilitator in
understanding the needs and demands and defining the criteria. Both the perceived importance and the
interpretation of the design criteria are directly obtained from the design criteria ranking provided by
the FAHP and the insights provided by the FGD. However, as the method was not observed to instigate
self-sustainability among participating stakeholders regarding the design of sanitation systems,
Zamenopoulos et al. (2019) argue that the method cannot be deemed to ‘empower’ stakeholders.

While the generation of the conceptual design was bound by the design scope set by the
stakeholders, the facilitator selected the configuration of the sanitation system. Consequently, the
stakeholders were merely informed about the ‘idea generation’ and the ‘design development’ It is
argued that implementing the FAHP + FGD in the sanitation design process limits the collaboration
between stakeholders and facilitators to the decision-making regarding the design scope, instead of
decision-making throughout the design process from problem comprehension to design development.
Although it did allow a participatory definition of the demands and needs and the method thereby
contributed to a need-driven approach as advocated by Buhl et al. (2019), the lack of stakeholder
engagement during and after the development of the design and the absence of the systems’
implementation limit statements regarding alignment of the design with the desires and demands of
stakeholders to unproven hypotheses.

The comparison of the FAHP + FGD-based design process to the existing sanitation planning
frameworks described in the introduction shows that the FAHP + FGD fills in the methodological void
in the process described by Kvarnstrom and Petersens (2004) and WA (2014). Both described
successive design steps and the desired outcomes of these design steps but did not specify methods to
be systematically applied to achieve these outcomes. The FAHP + FGD structures the collaboration
between facilitators and stakeholders in defining the design and demands, as described by Kvarnstroms
and Petersen (2004) and IWA (2014). Compared to the frameworks by Spuhler et al. (2020) and
Loetscher and Keller (2002), two frameworks in which collaboration and elaborate consultation of
stakeholders were prescribed, the FAHP + FGD method described in this research also used predefined
design criteria as input. However, this limitation originates from the degree of participation applied
when defining the design criteria, as the criteria assessed through the FAHP + FGD method can be
interchanged to the likes of the facilitator in stakeholders. The frameworks by Spuhler et al. (2020) and
Loetscher and Keller (2002), on the other hand, do not contain this freedom in the shaping of the design
scope, hence showing the additional value of the FAHP + FGD method compared to these frameworks.
Furthermore, the FAHP + FGD method overcomes the shortcomings of the frameworks by
Kalbermatten (1982), Katukiza et al. (2010), and Filho et al. (2019) as a prespecified set of treatment
technologies does not limit the idea generation. Instead, the FAHP + FGD applies a criteria-driven
design approach in which the treatment technologies are selected based on their alignment with the
design scope defined by the participating stakeholders. Altogether, the FAHP + FGD method
outperforms other sanitation design frameworks based on its systematic and straightforward approach,
open-ended design process, improved stakeholder participation in shaping the design scope, and
flexible implementation.
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5. Discussion

5.1.1. Assessing the Suitability of the Fuzzy Analytical Hierarchy Process
While FAHP is often highlighted due to its advantages like ease of use and disentanglement of complex
problems (Karthikeyan et al., 2016), applications of FAHP are hindered by its subjective nature, its
attempt to aggregate opinions and the extensiveness of pairwise comparisons needed when comparing
many design criteria (Canco et al., 2021). While this is undeniable, this synthesis of opinions is also one
of the main functions of AHP (de FSM Russo and Camanho, 2015). It is generally unavoidable in
decision-making processes to include actors with differing opinions.

The subjective nature of the FAHP is introduced by its attempt to capture opinions through
comparisons on a linguistic scale (Salvia et al., 2019). As a result, both the observed assigned scores to
pairwise comparisons and the calculated weights show significant variance. Aligning with findings from
Lienert et al. (2016), individuals interpretation of the linguistic scale resulted in average absolute scores
assigned to the pairwise comparisons ranging from a minimum of two (intermediate value between
equally essential and slightly more important) to nine (all comparisons scored as ‘extremely more
important). Similarly, the calculated weights per design criteria show percentual standard deviations
among end-users up to 108% - the percentual standard deviation obtained for the design criterion
‘Aesthetics’.

Nevertheless, Moslem and Duleba (2019) argue that following the “wisdom of crowds” as
proposed by Solomon (2006), the judgment obtained from aggregating opinions does represent the
knowledge and perspective of a group, as extreme opinions are compensated for. The consistency ratios
from the FAHP substantiate this argument. While assessing the consistency ratios of the aggregated
‘social criteria’ judgment matrices for end-users, it is observed that the consistency ratio of the aggregate
judgment matrix (1.60E-03) is a factor of =~ 69 (!) lower than the aggregated consistency ratio of the
individual judgment matrices (1.11E-01). A similar trend is observed in the consistency ratios for the
experts, with consistency ratios of 1.81E-02 and 6.34E-02 (a factor of 3.5) for the aggregated judgment
matrix and the individual matrices, respectively. Similar factors were found for the ‘technical criteria’
judgment matrices, with the ratios differing by a factor of = 51 and = 7 for end-users and experts,
respectively. As the ratio of consistent matrices to participants was higher for experts (social design
criteria: 66%, technical design criteria: 83%) than for end-users (social design criteria: 43%, technical
design criteria: 43%) for both social and technical design criteria, a relationship between the number of
judgment matrices aggregated, and consistency ratio of the aggregated matrix was hypothesized.

To test whether an increase in the number of participants causes a decrease in the consistency
ratio of the aggregated judgment matrix, an algorithm testing this relationship was developed in Python
(version 3.11.3) and applied to a complete pairwise comparison dataset. This dataset contained
complete 10 x 10 judgment matrices (hence no blanks, preventing bias introduced by the DEMATEL
method) from thirty participants. This dataset was explicitly obtained for this analysis; hence, it was not
used to develop the designs or included in the definition of the design scopes. The algorithm was run
30 times, selecting different judgment matrices from the sample set of thirty matrices in each run. The
results, depicted in Figure 52, confirm that an increase in the number of participants on average causes
the consistency ratio to decrease, confirming the hypothesis.
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Figure 52| Boxplots showing the results of 30 runs of the algorithm to determine the consistency ratio of the aggregated judgment
matrix assigned to pairwise comparisons in the Fuzzy Analytical Hierarchy Process. The algorithm used a pool of data from thirty
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Figure 53| Boxplots showing the results of 30 runs of the algorithm to determine the average absolute score (on a scale of 1 to 9)
assigned to pairwise comparisons in the Fuzzy Analytical Hierarchy Process as observed in the aggregated judgment matrix. The
algorithm used a pool of data from thirty participants, aggregating the data from a specific number of random participants.
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5. Discussion

The relationship between the number of judgments and the resulting consistency ratio might
be explained by the aggregating nature of the FAHP (Zhang et al., 2022), as aggregating an increased
number of matrices mitigates the extreme judgments of individual matrices. This relationship is
confirmed by comparing the average value of the entries in the aggregated judgment matrix. Figure 53
shows that the aggregated matrix calculated using the input of an increasing number of participants has
a lower average score assigned to the pairwise comparisons, indicating that increasing the number of
participants balances out the extremity of judgments. Building on the findings of Danner et al. (2016),
who concluded that the extremity of judgment scores (> 5 on a 9-point Likert Scale) indeed negatively
influences the consistency ratio, it is hence concluded that increasing the number of participants in the
FAHP mitigates the extremity of individual judgments, consequently improving the consistency of the
aggregated judgment matrix. However, this can also be perceived as a shortcoming of the method, as
the synthesized opinion might differ too much from the opinion of an individual decision-maker,
resulting in his/her rejection of the synthesized opinion (Palomares et al., 2014). Furthermore, it
questions the added value of calculating the consistency ratio for the aggregated judgment matrix, as
the established relationship shows that the consistency threshold can be satisfied by increasing the
number of individual judgment matrices.

Consequently, a dilemma arises regarding the optimal number of aggregated judgment matrices,
in which the elaborateness of data collection and loss of possibly relevant extreme judgments are set
off against an increased consistency and consolidation of irrelevant extreme judgments. Conventionally,
there are no strict requirements for the number of participants in an AHP (Muhlbacher and Kaczynski,
2013), with a literature review by Schmidt et al. (2015) reporting a range of 1 to 1,300 participants for
AHP. Instead, the number of participants should be determined according to a study's sample size and
experts' availability (Schmidt et al., 2015). It should be acknowledged that within this research, sample
representation was not taken into account during the recruitment of participants and the collection of
data, as this research is an explorative study regarding the early engagement of stakeholders in the
design process. Financial and time constraints also made executing a complete and representative
participatory design process from problem comprehension to implementation unfeasible.

When comparing the mean of the calculated weight vectors per end-user decision-maker to the
median of the same weight vectors, the difference in weights caused a shift in the obtained ranking of
design criteria. This difference is explained as the aggregating nature of calculating the mean adopted
in FAHP increases the influence of outliers — read extreme judgments - on the value of the mean —read
the aggregated opinion (Yang et al., 2019). Figures 54 and 55 show the median weights and the mean
weights for social and technical design criteria as assessed by end-users in which the secondary axis
shows the ranking of the criteria, with ranking one referring to the most crucial design criterion and
ranking 10 to the least important criterion. Both figures show shifts in the calculated weights for the
design criteria, as well as in the rankings of design criteria when using the median instead of the mean
- design criterion ‘Cultural Alignment, for example rises from rank 10 in mean-method to rank 8 in
median-method, see Figure 54. Hence, it is questionable if aggregation through calculation of the mean
is most suitable to represent a synthesized opinion, as extreme judgments have a significant influence
on the final judgments when compared to the median value. While extreme judgments in the FAHP are
mitigated when many opinions are synthesized, this behaviour poses severe threats to the credibility of
the calculated mean weight vector when only a few judgments are considered (Kulakowski et al., 2023).
For future research, this shortcoming should be addressed by employing a weighting technique for
decision-makers' judgments, as proposed by Blagojevic et al. (2020).
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Figure 55| Comparison between weights calculated with Fuzzy Analytical Hierarchy Process using mean vs using median
for technical design criteria, using end-users judgments as obtained in this research

The methodology was deemed as suitable to end-users as to experts, as no significant
relationship between the level of knowledge required (experts vs non-experts) and the reliability of the
judgment (consistent vs inconsistent) was observed when applying Boschloo’s test. Boschloo’s test
assesses the statistical significance of the association between two random variables in case of limited
sample size (Lydersen et al., 2009). Boschloo’s test was used because of its superior statistical power
compared to other significance tests for small data samples (Mehrotra et al., 2003). The ease of use for
end-users of the FAHP was a primary driver in its selection as an MCDM that can be used to engage
end-users in the design process. Involving end-users in a design process requires lower-complexity
planning tools, as high complexity can prevent end-users from participating in the tool (Zellner et al.,
2022). However, applying Boschloo’s test to the ratio of consistent matrices among experts and the
ratio among end-users provided a p-value of 0.16. Applying a significance threshold of 0.05, the
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relationship between the level of knowledge and judgment consistency is deemed insignificant with a
95% confidence interval and, hence, statistically independent. Therefore, it was concluded that the
experts were not significantly better at providing consistent judgment matrices among the interviewed
end-users and experts. As a result, the FAHP is considered an accessible and easy-to-use tool to
collaborate with non-expert stakeholders in the decision process, aligning with the criteria stated by
Billger et al. (2020) for participatory sanitation planning tools.

Nevertheless, only 46% of all provided judgment matrices —experts and end-users, technical
and social — were consistent, which is explained by the increased complexity when the number of
assessed criteria is increased (Sakhardande and Gaonkar, 2022). As a result, the increase in
inconsistency of the provided matrix in the case of cross-comparing more than three criteria is a
common concern of the AHP (Piengang et al., 2019). However, this is not necessarily a result of the
applied method but is merely a result of the incapability of humans to remain consistent when providing
judgments through pairwise comparisons (Miller, 1956). Another possible explanation for the observed
inconsistency among decision-makers is fatigue, which is caused by the repetitiveness and
extensiveness of the exercise (Vohs et al.,, 2005; Hodgett, 2016). This aligns with observations during
data collection, as multiple end-users showed unwillingness to continue the exercise and decreased
interest over time. While judgment inconsistency is usually dealt with by iterating the judgment matrix,
Asadabadi (2017) noticed that these iterations forced decision-makers to change their initial judgment,
distancing themselves from their actual opinion.

Similarly, Danner et al. (2016) concluded that highly inconsistent judgment matrices can still be
plausible since the included extreme judgments causing the inconsistency might reflect what the
participants perceive as necessary. To prevent consolidation of the initial judgments and the exercise
from becoming more elaborate because of required iterations, the initial provided comparison matrix
was used for further assessment, regardless of its consistency. Moreover, research by Aguaron et al.,
2020 showed that a lower consistency ratio does not necessarily cause participants to support the
weights assigned to the weight vector more than in the case of a high consistency ratio, hence
contradicting the line of reasoning of Saaty. As a result, the relevancy of calculating the consistency
ratio and consolidating inconsistent judgment matrices is questioned. The synthesis of individual
judgment matrices has been shown to mitigate the influence of extreme judgments while providing a
consistent judgment matrix representing the ‘average’ opinion of the participants. Nevertheless, it is
essential to state that building on the ‘average’ opinion, even when it is based on the judgment of the
respective individuals, does not necessarily guarantee the acceptance of the final decision by these
individuals.
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5.1.2. Assessing the Suitability of the Focus Group Discussions
The FGDs were combined with the FAHP to assess the design trade-offs in sanitation planning with
both end-users and experts, as FGDs allow the discovery of collective perspectives and the validation
of interpretations (Nyumba et al., 2018). Shortcomings of FGDs, on the other hand, concern the
dependency on the skills of the moderator, the creation of conflicts between participants, and the
negligence of ethical considerations (Coe et al., 2017).

The FGDs were set up to obtain insights from the participating local community members and
local sanitation experts regarding sanitation systems and the design criteria based on their experiences
and perceptions. Through the discussions on centralization and the placement of the sanitation system,
local experiences regarding shared sanitation systems were explored. Similarly, opinions regarding
resource recovery from wastewater were discussed, concluding that resource recovery from wastewater
was considered feasible and desirable by local community members and sanitation experts. The
observed value of FGDs in this research thereby aligns with the observations of other researchers, who
state that the value of FGDs lies within the possibility of participants to clarify opinions and judgments
(Rabiee, 2004; Acocella, 2012).

Nevertheless, FGDs must be set up carefully, as misaligned opinions and interests among
participants in one FGD can lead to conflicts (Sim and Waterfield, 2019). This research observed no
extreme conflicts between participants during the FGDs. The relationships between participants can
explain this, as they were recruited based on their geographical location and function. Conflicts between
the experts (municipality engineers and municipal sanitary inspectors) and the local community
members based on hierarchy were avoided by separating the FGDs for the respective groups. Avoiding
these conflicts, however, also reduces the consensus-building ability of FGDs, as a homogeneous group
of FGD participants decreases the number of contradicting opinions, leading to less depth in the
discussion (Daley, 2013). Malterud et al. (2016) furthermore argue that demographical diversity among
focus group participants increases the ‘informational power’ of the group due to the increased number
of perspectives present during the discussion. Separating the groups of participants, therefore, limits
the contribution of the FGD to the explanation and interpretation of the opinion of the participants
belonging to the respective group, as only consensus building between group members is obtained and
not consensus building between the distinct groups. While in this research, this choice was made
deliberately to show the applicability of the method for the inclusion of local community members in
the design process, it does not integrate the opinions of the local sanitation experts and the local
community members into a design solution that satisfies both parties.

5.2. Reconsidering the Design Criteria for the Design Scope

The design scopes for the local community members and sanitation experts were constructed with
design criteria from a systematic literature review. It was opted to apply a systematic literature review
(see Figure 56), as this would provide an objective overview of design criteria for sanitation systems as
depicted by scientific literature. However, by obtaining the design criteria from scientific literature and
constructing the definitions and examples based on the input from literature, the local stakeholders
were excluded from setting the boundaries of the design scope. Consequently, the participatory level in
the ‘Problem Comprehension’ phase of the design cycle was limited to ‘informing’ the stakeholders
about the definition of the design criteria.

Design Cycle Community-Engaged Sanitation

1 -
SLR | FAHP FGD Design Cycle Design
Obtain design ™ Determine perceived [—* Interpretresultsand [~ Translation from scope P 1
criteria I relative importance form design scope into proposal ¥

This Research

Figure 56| Positioning the systematic literature review (SLR) in the design process as applied in this research, before the Fuzzy
Analytical Hierarchy Process, the Focus Group Discussions, and the Design Cycle leading to the Design Proposal
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5. Discussion

5.2.1. Reviewing the Completeness of the Design Scope

The search query proposed for the systematic derivation of the design criteria did not include any of
the assessed sanitation planning tools, from which it was hypothesized that the search query was too
narrow and hence excluded relevant design criteria. A systematic review of the literature regarding
design criteria in community-engaged sanitation planning was carried out to determine the design
scope of community-engaged sanitation planning while minimising selectors' bias. When assessing the
scientific papers obtained from Web of Science through this review, it was observed that none of the
twenty assessed sanitation planning tools was among the obtained papers. Of the twenty assessed tools,
nine dated from before the timeframe used in the literature review, excluding them from the search
results. On the other hand, the other 11 planning tools were expected to be included in the results from
the literature review, as they were published in scientific journals included in Web of Science and within
the specified timeframe (2013 — 2023). Further assessment of the search query, its results, and the
assessed sanitation planning tools showed the following explanation: the search query focused on
design criteria, sanitation, and community involvement. The 11 planning tools, however, did not include
synonyms related to community involvement in their abstract, hence not satisfying the specified search
criteria.

By comparing the design criteria used, it was concluded that the design criteria proposed in this
research included the majority of the design criteria used in existing planning tools, either exactly similar
to or combined with other criteria. The design criteria proposed in this research matched directly with
design criteria used in 11 out of 20 assessed planning tools (Kalbermatten, 1982; Mara et al., 2007;
Katukiza et al.,, 2010; Franceys et al., 2013; Filho et al., 2019; van Buuren, 2010; Olschewski, 2013;
Nayono, 2014; Finney et al., 2009; Schutze et al., 2019). Within this comparison, of which an overview
is provided in Appendix A, it is essential to note that particular design criteria such as groundwater table
(Filho et al., 2019) or eutrophication potential (Schutze et al., 2019) were deemed included in the set of
design criteria used in this research, for the examples respectively ‘Geographical Suitability’ and
‘Environmentally Friendly’.

The leading causes for misalignment in the design criteria used between this research and the
assessed frameworks are differences in the design scope, focusing on the process instead of the design,
and differences in level of detail. The misalignment with (Strande et al., 2014), who proposed criteria
like dewaterability, sludge stability, and solid-liquid separation, is explained through the difference in
scope, as Strande et al. (2014) focus on faecal sludge treatment instead of sanitation. The planning tool
by Langergraber et al. (2015) calculates the net present value to substantiate decision-making, basing
the trade-off between technologies strictly on their economic value. While net present value is not
directly included in the proposed design criteria, it is argued that it is represented in capital and
operational expenditures based on their similar definitions (Gallo, 2014). The design criteria Schmitt et
al. (2017) used strictly focused on service provisions concerned with sanitation, such as transport costs,
distance to treatment facility, and transport capacity. This raises an interesting shortcoming of the
proposed list of criteria, as the alignment with existing infrastructure and services proves to be a critical
determinant of the sustainability of sanitation systems (Trimmer et al., 2020). The theoretical
framework, as adopted by Prouty et al. (2018), uses model factors to predict the theoretical adoption
rate of sanitation systems. Spuhler et al. (2020) propose an extensive set of design criteria, ranging from
‘spare parts requirements’ to ‘vehicle access’ This set is more detailed and elaborate than the design
criteria used in this research. This is possible due to the method applied by (Spuhler et al., 2020), as the
scores of different treatment technologies for each design criterion are predetermined, after which an
algorithm assesses the best-fit treatment systems. Applying the 36 design criteria used in Spuhler et al.
(2020) to the FAHP used in this research would result in 630 pairwise comparisons to be filled in.

Additionally, due to their complexity and technical background, many of the design criteria are
irrelevant to end-users, risking the provision of detrimental input (Stanley-Brown and Weistroffer, 2019).
Loetscher and Keller (2002) include design criteria assessing the community's involvement in the
process. Similarly, within the Citywide Inclusive Sanitation (CWIS) framework, as proposed by
(Schrecongost et al., 2020), essential design principles concern equity among those affected and
transparency in the decision-making process. However, these criteria are related to the process leading
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up to the design (Chu and Cannon, 2021) and not necessarily the design itself. Hence, such criteria are
deemed irrelevant for defining the design scope of sanitation systems. Kvarnstrom and Petersens (2004),
IWA (2014), and Jimenez et al. (2019) do not provide a list of applied design criteria, as they argue that
the trade-offs should be determined through discussion with different stakeholders in the sanitation
problem.

5.2.2. Improved Participation Regarding the Design Scope

Although the final list of design criteria used in this research for determining the design scopes does
provide coverage of design scopes used in other planning tools, it is recommended that future
facilitators review the initial set of criteria for their relevancy in the decision-making process. It was
observed that some design criteria concerned general objectives of sanitation practices, such as
‘Community Health’ and ‘Safe Product Disposal’. Consequently, a pairwise comparison between general
objectives does not provide tangible information for the design scope, as these objectives are inherent
to improving sanitation practices. It is argued that this inherency is shown in the perceived importance
of ‘community health’ and ‘safe product disposal’ obtained from FAHP. Furthermore, these were
mentioned in the FGD of all three neighbourhoods and of the experts as the primary purpose of
sanitation, substantiating the claim that these criteria are rooted in the objectives of sanitation planning.
Comparing the significant objectives of sanitation to other criteria does not yield valuable insights into
design trade-offs, as these objectives have to be satisfied inherently.

Moreover, the complexity of sanitation planning led to the inclusion of twenty design criteria
spread across two categories, increasing the number of pairwise comparisons decision-makers asked.
Conventional AHP uses hierarchical structures to reduce the number of comparisons, comparing the
criteria within hierarchical levels and the hierarchical levels themselves to each other. While the
hierarchical structure thereby decreases the complexity for decision-makers and hence improves the
reliability of judgments, it neglects the dependencies between components belonging to different
hierarchies, simplifying the complexity of the problem drastically (Munier and Hontoria, 2021).

Therefore, it is proposed to add FGDs with experts and end-users to establish the indicators
compared in the FAHP to ensure the inclusion of trade-offs relevant for end-users and thereby provide
valuable insights into what is deemed suitable sanitation. It is recommended that these FGDs, as
depicted in Figure 57, focus on minimizing the number of criteria to a set that includes relevant criteria
aiding in the differentiation of designs. It aligns with the recommendations set by Chambers et al. (2022),
who urged sanitation design criteria to be SMART (specific, measurable, achievable, relevant, and time-
bound) while being specific for the context. Moreover, concretizing trade-offs relevant for end-users
would align the scope of the process with the scope proposed by Loetscher and Keller (2002), as it
would focus on assessing criteria aligning the design proposal with the demands and wishes of the
community. As a result of this, the use and appropriateness of FAHP in determining the relative
importance of criteria as perceived by decision-makers is safeguarded while aligning with the reasoning
of Kvarnstrom and Petersens (2004), IWA (2014) and Jimenez et al. (2019) that the requirements of a
system should be determined in collaboration with the stakeholders.
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Design Cycle Community-Engaged Sanitation
-
E -
3 SLR FAHP FGD Design Cycle Design
i Obtain design * Determine perceived [—% Interpret results and —* Translation from scope Pro
@ criteria relative importance form design scope into proposal I
g FGD FAHP FGD Design Cycle Design
E Establish relevant [—%  Determine perceived [—*  Interpret results and —* Translation from scope Pro 1
C% design criteria relative importance form design scope into proposal

Figure 57| Proposing an additional Focus Group Discussion to engage local stakeholders in determining the trade-offs assessed in the
Fuzzy Analytical Hierarchy Process and the Focus Group Disucssions, before the Design Cycle leading to the Design Proposal

5.3.  Deriving the Design Scope

Having defined the design criteria deemed relevant for the design of sanitation systems, the FAHP +
AHP was applied to understand how local community members and local sanitation experts would
shape the design scope of a sanitation system. The FAHP allowed the systematic determination of the
relative importance of the design criteria through simple pairwise comparisons, while the FGD offered
the opportunity to interpret the FAHP's outcome collaboratively and provide additional context
regarding sanitation and sanitation design in the local setting (see Figure 58). The FAHP + FGD was
tested as a systematic participatory method to understand the needs and demands of local stakeholders
and contribute to defining boundary conditions for sanitation design.

Design Cycle Community-Engaged Sanitation

5 e
1 .
i SLR : FAHP FGD 1 Design Cycle Desi
Obtain design | Determine perceived [—# Interpretresultsand 7% Translation from scope Pro
= criteria 1 relative importance form design scope 1 into proposal I

Figure 58| Positioning the Fuzzy Analytical Hierarchy Process and the Focus Group Discussions after the systematic literature review
(SLR) in the design process as applied in this research, before the Design Cycle leading to the Design Proposal

It was hypothesized that the formation of a design scope through FAHP + FGD solely by local
community members would provide a different perception of the relative importance of design criteria
as compared to a design scope formed by local sanitation experts because of different interests and
experiences regarding sanitation systems between these two groups.

In the FAHP and the FGD results, differences were found between the results from the expert
group and the end-user group, indicating differing perceptions of the proposed design criteria and
sanitation design. The weights calculated from the aggregated judgment matrix show a similar trend for
end-users and experts, with both parties perceiving ‘Community Health’ and ‘Safe Product Disposal’ as
the most critical design criteria, as shown in Figures 59 and 60. Furthermore, the figures show a clear
difference in the perceived importance of ‘Job Opportunities’ and ‘Policy Alignment’ between experts and
end-users. In contrast, both parties perceive ‘Capital Expenditure' as relatively unimportant. Significant
differences were also observed among the criteria ‘Robustness’, ‘Resilience’, and ‘Geographical Suitability’.
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Figure 59| Comparison between weights calculated from Fuzzy Analytical Hierarchy Process for social design criteria. experts vs end-
users
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Figure 60| Comparison between weights calculated from Fuzzy Analytical Hierarchy Process for technical design criteria: experts vs
end-users

5.3.1. Community Health and Safe Product Disposal

The observed high importance of ‘safe product disposal’ aligns with other preference rankings from the
literature. Zheng et al. (2016) explored the preference for sanitation design criteria among ten expert
stakeholders in wastewater treatment practices in Switzerland, who appointed ‘safe wastewater disposal
and ‘protection’ as the most important objectives when designing wastewater treatment systems. In a
study by Vidal et al. (2019), six participants ranked, on average, ‘risk of pathogen discharge’ as the most
critical indicator for a sustainable sanitation system. Among three groups of stakeholders
(scientists/engineers/consultants, policy decision-makers, residents/businesses) studied by Bao et al.
(2013), all three groups stated that the main objective of wastewater treatment is the improvement of
the local health due to decreased water pollution and a lower risk of microbial infection.

Both end-users and experts show awareness of the benefits of improved sanitation through the
high ranking of ‘Community Health’ and ‘Safe Product Disposal’ but simultaneously show a lack of
knowledge on the concept of improved sanitation itself, as the statements are not substantiated by
observed practice. The importance assigned to ‘Community Health® and ‘Safe Product Disposal’
furthermore agrees with results from interviews and the discussions during the FGD, as both end-users
and experts stated the primary purpose of sanitation to be “promoting health and preventing illnesses
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through reducing the disposal of unmanaged human waste”. Hence, the results of the interviews, the FAHP
rankings, and the FGD appear to indicate awareness among end-users about the benefits of improved
sanitation. However, practice shows that this awareness does not necessarily translate into
implementing improved sanitation. According to the Hagonoy Water District, the only implemented
sanitation system in Hagonoy is the septic tank (Hagonoy Water District, personal communication,
June 8, 2023), which is insufficient to treat domestic wastewater and on its own is incapable of
producing clean water that is harmless to the community and environment (Baltazar et al., 2021). In
one of the neighbourhoods, the representatives had started a new sanitation program that provided
plastic drums to households as an alternative to septic tanks. However, the bottom was removed from
the provided plastic drums, as “the septage is stored in the drum, before it is absorbed and spread in the soil’,
neglecting the impact of the disposal of untreated septage on the environment and the community's
health. Other interviewees disregarded the effect of septage on the environment: “We use the river instead
of a septic tank ... [dumping it in the river] has no repercussions [to our health] because the water flows the dirt
away” These observations align with findings from Dasgupta et al. (2021), who similarly observed
households in India constructing septic tanks that could not treat wastewater but directly disposed of
the untreated effluent into the soil. Based on the observed use of insufficient sanitation systems in China,
Guo et al. (2021) concluded that the respondents lacked knowledge of the decent practice of disposing
of human excreta, as they “simply tended to follow what they felt was the appropriate way of doing things”.

Besides the insufficient treatment capacity of the current sanitation systems in Hagonoy, the
conventional septic systems were also unable to withstand the frequently reoccurring floods in the area
and contributed to the spread of water-borne diseases. This conclusion was drawn based on discussions
with local residents and authorities, who stated that septic tanks would overflow through the toilets
during floods. However, the water level inside a septic tank can only rise if the septic tank is not
watertight (Butler and Payne, 1995), as water is required to enter the tank to make the water level rise.
Consequently, when the flood draws back and the water level inside the septic tank decreases, the
content of the septic tank is flushed out into the environment.

As both local sanitation experts and community members valued ‘Community Health’ and ‘Safe
Product Disposal as the most critical design criteria, the proposed designs focused on treating the
wastewater sufficiently. This can be recognized in the designs, as the treatment efficiencies of the
successive treatment steps were assumed conservatively, a 50% peak factor for the concentrations was
included, and each treatment step was designed, including a safety factor of 20%. Nevertheless, the
treatment efficiency of both systems is based on theoretical values and is limited to only the parameters
TP, COD, NHs, and NOs*. Hence, before the conceptual design is further developed, let alone
implemented, the treatment systems’ efficiency regarding removing other pollutants such as pathogens,
heavy metals, and toxic substances should be assessed and, if necessary, improved (Akpor et al., 2014).
Similarly, the functionality of the system during floods should be thoroughly assessed. The functionality
of the AnB, the ABR, the AFs, and the SSF during floods is dependent on the detailed design, as the
water tightness of these systems depends on the selected pipe connections, junctions, and construction
material for the reactor design.

5.3.2. Job Opportunities

Among the sixty interviewed end-users, ‘Job Opportunities’ was considered an important criterion when
designing sanitation systems, ranked fourth among the ten social design criteria. On the other hand, the
experts ranked ‘Job Opportunities’ as relatively unimportant, ranking it second to last. The relative
unimportance of ‘Job Opportunities’ as perceived by the experts aligned with the low number of
sanitation-design-related scientific papers referring to ‘Job Opportunities’, as only 7 out of the 36 papers
assessed for the literature review into design criteria mentioned phrases such as ‘Job Creation’, ‘Job
Opportunities’ or ‘Creation of Labour’. Among the twenty assessed sanitation planning tools, none of the
tools explicitly mentioned the inclusion of ‘Job Opportunities” as a design criterion when developing a
sanitation design.

Hence, the relative importance assigned by end-users to the creation of job opportunities when
designing sanitation systems was unexpected. An explanation of the desire for job opportunities is
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unemployment. According to the Philippines Statistics Authority, 4.4% of the available workforce in the
Philippines will be unemployed in 2022 (PSA, 2023a). The unemployment rate appears to be relatively
high when compared to other countries in Southeast Asia, such as Thailand (0.9%), Indonesia (3.5%),
and Vietnam (1.5%) (World Bank, 2023), indicating decreased economic stability and welfare when
observed in developing countries (Uddin and Rahman, 2023). Moreover, the PSA concluded that 30.6%
of all fisherfolks in the Philippines belong to a household with a monthly income below the poverty
threshold of 12030 PHP (PSA, 2023b). Hence, as the Hagonoy Water District (2016) observed fishing
as the main occupation in Hagonoy, the local economy might explain the desire for job opportunities.
Out of the 36 local community members willing to share their household monthly income during the
data collection, 19 stated a household income lower than 10957 PHP, hence below the poverty
threshold. Consequently, it is hypothesized that the poverty among participating local community
members has caused ‘Job Opportunities’ to be perceived as a relatively important design criterion among
this group, compared to the local sanitation experts who are all employed by a government institution
and hence have a higher income.

Although the local community members had stated ‘Job Opportunities’ to be an essential design
criterion, this was not translated into the design of the sanitation systems because the applicability of
this design criterion is merely restricted to the management structure of the design instead of the system
design itself. While this research is limited to the development of a conceptual design, the high ranking
of this design criterion does come into play when the design is further developed, and the
implementation and operation phases are approached.

5.3.3. Operational Expenditure and Capital Expenditure

Both ‘Capital Expenditure’ and ‘Operational Expenditure’ were perceived as relatively unimportant by end-
users and experts through the FAHP. In contrast, during interviews with end-users, experts, and the
mayor of Hagonoy, the system's costs were repeatedly emphasised as the main barrier to improved
sanitation. During an interview with the foreman of one neighbourhood, he stated that households'
financial capacity was the main restriction of adopting sanitation systems. This was substantiated by
the leading health officer in the municipality, who stated that the primary obstruction to implementing
the design proposed in the sanitation policy was the financial limitations of the households. Moreover,
capital expenditure was the most mentioned design criterion across the 36 scientific papers obtained
through the literature review, cited 26 times as influential to the design of sanitation systems.

However, when capital expenditure was proposed in a pairwise comparison to end-users, the
criterion was deemed the least important on average. This aligns with the observations of Zheng et al.
(2016) of 10 sanitation experts in Switzerland. On the other hand, Boukhari et al. (2018) concluded that
the economic criteria were deemed the most prioritized when assessing the sustainability of sanitation
services. Nevertheless, a discrepancy is observed between the interviewees' statements and the FAHP
results. One interviewee stated that poverty was the main restriction from practising improved
sanitation. However, the data from the FAHP show that in the interviewees’ pairwise comparisons,
‘Capital Expenditure’ was deemed less important in all proposed comparisons and was ranked least
important overall. A possible explanation for this difference is found in the hypothetical nature of the
method, as was observed in the research of Vasquez and Alicea-Planas (2018) into the willingness-to-
pay of informal settlers in Nicaragua.

Both experts and end-users have ranked ‘Operational Expenditure’ higher than ‘Capital
Expenditure’, which aligns with the findings from Mitra et al. (2022). From their findings, they conclude
that the user is the one to pay for maintenance and, hence, is more concerned with operational
expenses. In contrast, the investment is only once and can often be partially subsidized (Mitra et al.,
2022).

While the projected construction costs of the designed sanitation systems were not worked out,
sharing the sanitation system among multiple households, as proposed by local community members,
would increase the available funding per sanitation system. Parallel to this increase in available funding,
however, the increased size would also cause costs for materials, land area, and labour to increase.
Furthermore, it is essential to note that the budgets for sanitation systems, as stated during the FGDs,
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were based on the reference case of a single septic tank serving one household. In contrast, the
proposed sanitation systems consist of 5 different treatment steps. It is, therefore, essential that the
proposed conceptual designs are discussed with local contractors in order to assess the financial
feasibility of the designs. Due to time constraints, it was impossible to include this iteration within the
scope of this research.

5.3.4. Policy Alignment
The experts have valued ‘Policy Alignment’ and ‘Expertise Required” as very important, which might be
explained by their function within the governmental system. The interviewed experts were employed
by the municipality or the water district, which is responsible for the implementation and compliance
of the local policy on sanitation. Two of the experts fulfilled the role of sanitary experts, describing their
role as “advising on the type of toilet systems, based on guidelines provided by engineering office, who base it
on the guidelines’.

During interviews with end-users, on the other hand, a lack of trust in the ability of the
municipality to improve sanitation in their neighbourhood, in combination with a lack of discipline, was
observed, explaining the relatively low ranking of ‘Policy Alignment’ among end-users. Multiple
interviewees specifically mentioned the lack of care from the local government for their neighbourhood,
stating that their local government is not prioritizing sanitation in their barangay. Moreover, during the
FGDs, the community representatives included the neighbourhood office in every phase of
implementing sanitation systems (Plan/Design, Construction, Maintenance, and Cleaning), replacing
the municipality in some phases by assigning themselves municipal tasks such as developing initial
construction plans and checking the permits. While discussing threats to sanitation in one of the
neighbourhood discussions, it was stated that parts of the community lacked discipline, which aligned
with observations from Cagurungas et al. when assessing sanitation in Hagonoy in 2021 (Cagurungas
et al,, 2021). During a neighbourhood session, it was mentioned that “we [the barangay representatives]
have attempted to persuade people to construct it [the septic tank] in a proper way, but we simply get “yes” as
an answer, rather than any action” A smaller part of this non-abidance was ascribed to the lack of
repercussions, as one interviewee pointed out that “the people do not construct their houses according to
the policy on sanitation, as there are no consequences to not abiding”. Another interviewee stated that ‘we
prioritize convenience, so we do not care about policy guidelines installed by the government’

As the currently in place design guidelines only prescribe the design of septic tanks, which are
unable to treat the wastewater to a level that complies with the General Effluent Standards, the
proposed conceptual designs do not contain a septic tank and hence do not align with the currently in
place design policy. While the design does not align with local policies, the participatory design process
does, as the Filipino government mandated participatory planning of sanitation systems with local
community members in 2019 (Adm Order No. 2019-0054, 2019).

5.3.5. Robustness and Resilience

The relative importance assigned to the criteria ‘Robustness’ and ‘Resilience’ by both local experts and
end-users is explained by the vulnerability of the system currently experienced, showing the desire for
a more sustainable sanitation system. The high ranking of reliable system performance was also
recognized by Boukhari et al. (2018), as 12 experts in the Algerian water sector deemed the reliability
of sanitation systems to be a crucial factor in the sustainability of a sanitation system. Moreover, the
review of Chambers et al. (2022) shows a similar opinion on resilience regarding sanitation systems in
scientific literature.

The desire for ‘robust’ and ‘resilient’ sanitation systems among end-users and experts can be
explained by the natural hazards experienced in Hagonoy, as the repeated occurrence of floods is
related to increased flood resilience (Kuang and Liao, 2020). During the FGDs with end-users and
experts, the desire to withstand the constant threat of flooding was repeatedly emphasized. Regarding
sanitation, the primary desires were to prevent the spread of contaminated wastewater caused by floods
and to make sanitation systems available during floods. The latter was substantiated throughout the
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individual interviews with end-users, as multiple interviewees stated that their toilets would overflow
during floods.

The perceived importance of both ‘Robustness’ and ‘Resilience’ by local community members
and sanitation experts was translated into low-maintenance sanitation systems that require little human
interference to operate. The selected treatment technologies are gravity-based and do not contain
mechanical parts. Furthermore, except for the HSFF, the selected treatment technologies are
constructed in a closed reactor that can be made watertight. However, it should be noted that the
included filter systems risk clogging, while the waterhead (and therefore the possible inclusion of pumps)
was also not considered. As a result, the proposed conceptual designs should be developed further and
assessed for their effectiveness and feasibility in practice.

5.3.6. Resource Recovery Potential
The perception regarding resource recovery from human waste expressed during FGDs with
neighbourhoods and experts was that while biogas obtained from wastewater treatment was
appreciated, reusing (treated) human excreta for agriculture was not desired. In a study into 414 Chinese
villagers' perception of resource recovery from sanitation, Guo et al. (2021) mentioned observing
willingness to use such resources among 70% of the interviewees. The low ranking of ‘Resource Recovery
Potential’ by end-users does not align with findings from Bao et al. (2013), as residents interviewed in
Vietnam perceived potential nutrient and water recovery as the second most important objective after
improving local health.

The reluctance of experts and end-users is mainly ascribed to the participants' unfamiliarity
with recovering resources from human waste. During one of the FGDs, one participant argued that a
piggery in the neighbourhood used the excreta of the pigs as a soil conditioner. Based on her
observation and experience, she attempted to convince the others of the safety of recovered resources.
From assessing the implementation of resource recovery in Indonesia, Marleni and Raspati (2020)
concluded that the primal association between human waste and health hazards negatively influences
the social acceptance of resources recovered from human waste. While the FGDs with both end-users
and experts showed similar perceptions regarding resource recovery, the experts ranked ‘resource
recovery potential’ significantly higher among technical design criteria when compared to end-users
(5th against 10th, out of ten). This might be explained by the awareness of experts regarding the
production of biogas, which was stated to be desirable, and the unawareness of experts regarding the
recovery of nutrients from wastewater. The difference in awareness was detected as the production of
biogas was a familiar phenomenon, as “we [the sanitary inspectors] learned that air vents are required in
septic tanks, to prevent the septic tank from exploding on hot days [because of the biogas]” However, The
recovery of nutrients was deemed unfamiliar, as the concept required extensive explanation regarding
the technology and the possible application.

Because of the high ranking of Resource Recovery Potential’ among the FAHP results from local
sanitation experts, an AnB was picked as the primary treatment step. Although other treatment
technologies present in the treatment designs are also able to recover resources such as biogas (AF,
ABR), the AnB focuses explicitly on the recovery of biogas and is hence picked to translate the stated
preference into the design proposal.

5.3.7. Interpretation of the Design Scopes
The FAHP + FGD method allowed the local community members to set the scope of the design of the
sanitation system by expressing their demands and needs. Based on the relative importance of the
design criteria as derived from the FAHP and the additional input from the FGD, the design scope
focused on a more centralized system aiming to serve 4-5 households. The preferred location was near
the fish pond, which was included as the polishing step in the treatment system. The system was
required to be low maintenance based on the high ranking of ‘Robustness’ and ‘Ease of Use’, causing the
system to consist of gravity-based treatment technologies. The system was desired to contribute to the
economy, as ‘Job Opportunities’ were ranked fourth among the social design criteria. Although this
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criterion is mainly influential to the operation and maintenance of the system, including the fishpond as
a polishing step allows the treatment system to contribute to the local economy, as the fishpond is
provided with nutrients by the wastewater.

The results obtained from the local community members were compared to the FAHP + FGD
results from the local sanitation experts. Based on the relative importance of ‘Expertise Required’
obtained from the FAHP and the additional information on ownership from the FGD, the design scope
set by the experts allows a more complex system regarding maintenance and construction.
Consequently, the SSF was added. Furthermore, ‘Resource Recovery Potential’ was ranked relatively high
when compared to the end-user ranking, leading to the implementation of an AnB. The design was
limited to serving one household, as they perceived ‘Centralization’ as an important design factor and
mentioned during the FGD that individual treatment systems were preferred. The high ranking of
‘Centralization” and ‘Geographical Suitability’ was elaborated upon by underlining the strong preference
for placing the system near the riverside.

Altogether, the FAHP + FGD method allowed both local community members and local
sanitation experts to express their demands and needs regarding the design of sanitation systems. While
the preferences of the local community members and the local sanitation experts were leading in their
respective design cycles, the translation from the expressed relative importance and the interpretation
of the FGD results were still led by the facilitator; hence, it is concluded that the participatory level
achieved during this stage is ‘collaborating’ with the stakeholders. The delimiting factor to participation
in this stage, however, is not necessarily ascribed to the methods deployed in this stage but appears to
be originating from the selectors’” bias present in the input of the FAHP (hence the selection of the
design criteria) and the interpretation of the output (hence the development of the design itself).
Consequently, the FAHP + FGD method is deemed a systematic method that engages local community
members in determining the design boundary conditions. Hence, it is recommended to future sanitation
design facilitators (see Figure 61). When setting up the method, considerations regarding the exercises'
elaborateness, the participants' sample representativeness, and the outcome and interpretation of the
results must be considered.

Design Cycle Community-Engaged Sanitation
€
8 SLR FAHP FGD Design Cycle Design
g Obtain design —* Determine perceived [—®  Interpret results and —* Translation from scope Pro
@ criteria relative importance form design scope into proposal k
If design rejected

% ; ;

FGD FAHP FGD Design phase FGD Design
E Establish relevant [—®  Determine perceived [ [nterpretresults and  [—* Translation from scope [~* Verificationand [ Pro
§ design criteria relative importance form design scope into proposal wvalidation k

Figure 61| Proposing the Fuzzy Analytical Hierarchy Process in combination with Focus Group Discussions to engage local
stakeholders in defining the design scope using the input regarding relevant design criteria from a Focusu Group discussion, before the
Design Cycle leading to the Design Proposal

5.4. Tailoring Sanitation Design to the Preferences of Stakeholders
The designs for the sanitation systems were determined based on the design scopes derived from the
FAHP + FGDs with local community members and local sanitation experts. The FAHP + FGD method
obtains information on the relative importance of design criteria as perceived by participants and
contextual information on the interpretation of the design criteria, showing its ability to provide tangible
input for the design of sanitation systems. It was hypothesized beforehand that the FAHP + FGD
method thereby allows the community to engage in the definition of the scope, hence directly
influencing the eventual sanitation design (see Figure 62). This ability is explored by dissecting the two
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design proposals, as depicted in Figure 47 and Figure 48 and comparing them to each other, to the
FAHP results and the FGD results.

Design Cycle Community-Engaged Sanitation

‘E [
o I - I
SLR FAHP ; FGD i Da‘;.lgn Cycle ) Desi
Obtain design * Determine perceived —# Interpretresultsand [~ Translation from scope [y Pro
0 criteria relative importance form design scope | into proposal I k

Figure 62| Positioning the development of the conceptual designs after the systematic literature review (SLR), the Fuzzy Analytical
Hierarchy Process (FAHP) and the Focus Group Discussions (FGD), before the Design Cycle leads to the Design Proposal

5.4.1. Comparing the Designs of Local Community Members and Sanitation Experts
The blackwater influent in both design proposals was assumed to originate from a manually flushed
sitting toilet, substantiated by the preferences stated during the FGDs by experts and end-users. The
decision to separate blackwater and greywater was a design choice made to reduce the sizing of the
anaerobic section of the treatment system (ABR / AnB + AF) due to reduced influent volume and
oxygenation of the blackwater after this anaerobic treatment through a merger with the greywater
(Tolksdorf and Cornel, 2017).

In both design cycles, non-mechanized treatment systems were picked as most suitable, as
‘Robustness and ‘Resilience were interpreted as essential design criteria. Moreover, the established lack
of knowledge regarding wastewater treatment technologies among local experts and end-users, in
combination with the high ranking of ‘Ease of Use’, led to the selection of low-maintenance systems. The
preference for such systems observed through the FAHP results aligns with Vidal et al. (2019), who
observed a high social acceptance for sanitation systems with low complexity and high convenience.
Furthermore, Vidal et al. (2019) deemed the robustness of correctly designed filter systems high, as the
foremost risk is clogging of the filter material (Rolland et al., 2009). This advantage of filter systems has
led to the selection of an AF and a HSFF for the end-users. In contrast, the same treatment systems are
complemented by a SSF for the design based on expert input.

During the FGDs, the experts appointed the riverside as the favoured location for a sanitation
system, while end-users appointed the fishpond as favourable. In both design proposals, this preference
is considered, as seen in Figures 47 and 48. In the end-user-based proposal, the fishpond also functions
as a polishing step for the wastewater, with fish feeding on the nutrients present in the wastewater
(Kumar et al., 2014). Fish species currently farmed in Hagonoy, such as tilapia and milkfish, are known
to be most suitable due to their little demand for oxygen (Ghosh et al., 1980). While sewage-fed
aquaculture is a reliable and responsible treatment system (Mandal et al., 2018), the local sanitation
experts expect the unwillingness of fishpond owners to cooperate, so they prefer a sanitation system
discharging to the river.

The experts' experience with failed centralized sanitation systems expressed during the FGD
caused this sanitation system to be designed for one household (5-person equivalents). At the same
time, the community members substantiated their desire for a system shared among 4-5 households
(20-person equivalents) by mentioning increased land use efficiency. The choice for decentralized
sanitation systems furthermore aligns with findings from Seymour et al. (2021), as evidence was found
that the placement of sanitation near their house motivated adoption.

Whereas the expert-based design contains an AnB as the first treatment step, the end-user-
based design contains an ABR. This difference refers back to the high relative importance of ‘resource
recovery potential’ by the experts, as the AnB is designed for the production of biogas from sewage
(Wang, 2014). As this criterion was deemed less critical by end-users, the proposed treatment system
was not designed with a focus on resource recovery.

The by-passed greywater in both systems is mixed with the effluent of the anaerobic stages
before it enters the tertiary treatment step. Within the LSE system, this tertiary treatment step consists
of a SSF before entering a HSFF. In contrast, the LCM system includes a HSFF as the tertiary treatment
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step and includes a fishpond as the polishing step. The SSF in the LSE system provides an additional
barrier against bacteria through filtration and the adsorption of bacteria to a biofilm layer (Clark et al.,
2012), aligning with the high importance of ‘Safe Product Disposal’, ‘Resilience’, and ‘System Performance’
as expressed by the local sanitation experts throughout the FAHP + FGD exercise.

5.4.2. Comparing the Participatory Developed Designs to Existing Designs

The comparison between the designs in this research and the conventional septic tank designs show
an increased complexity of the system and improvements in treatment efficiency. The treatment
efficiency of the septic tanks was determined through the design guidelines proposed by the Filipino
government, but it is insufficient to treat the wastewater sufficiently and make the effluent comply with
the General Effluent Standards of the same Filipino government. Only the GES in place for Nitrate was
achieved among the assessed pollutants of interest. However, this cannot be ascribed to the treatment
efficiency of the septic tank, as the concentration prescribed by the GES was already satisfied in the
influent of the system. Regarding the other parameters, the concentrations of TP, COD, and NHsin the
effluent are a factor 6, 8, and 14 higher than the GES, respectively. Moreover, this assessment did not
consider the minimal treatment capacity of septic tanks regarding pathogens, viruses, and toxic
substances (Wang et al., 2021). As a result, even the wastewater deemed ‘treated’ by septic tanks cannot
be considered as safe for the community or the environment (Jasper et al., 2013).

Besides the treatment efficiency, the layout of the treatment process containing only the septic
tank was compared to the layout of the LSE and the LCM design. The septic tank is considered a
primary treatment technology; hence, it is directly compared to the AnB in the LSE system and the
ABR in the LCM system. The size of the septic tank (3.15 m? for five persons) is comparable to the size
of the ABR (3.02 m® for five persons), while the AnB requires a much bigger volume (10.33 m? for five
persons) to ensure sufficient retention time for digestion of the organic matter. For an equal comparison,
the number of served people was assumed to be equal between the treatment systems. The ABR had
a much higher treatment efficiency regarding COD (= 90%) compared to the septic tank (= 33%) and
the AnB (= 40%).

Comparing the septic tank design derived from the local guidelines to the general effluent
standards and the designs obtained from the open-ended design process proposed through this research
shows that the septic tank comes short in treatment efficiency. Moreover, the frequent floods, combined
with the ground subsidence occurring in the area, compromise the sustainability of concrete septic
tanks. Therefore, the current baseline provided by the design guidelines for both the technology
selection and the design process appears insufficient. The problematic quality of the in-place design
guidelines has been exposed by comparing the proposed sanitation designs and the existing guidelines.
This emphasizes the need for a design approach that meets the local demand for improved sanitation
and ensures the inclusion of wastewater treatment technologies that can withstand environmental
challenges and satisfy local effluent standards.

5.4.3. From Conceptual Design to Practice
Although the developed conceptual designs theoretically satisfy the local effluent standards for the
specified parameters, the treatment efficiencies of the systems were based on assumptions and were
not determined for all possible pollutants. Additional assumptions were made regarding the volume and
pollutant concentrations of the influent, as no local data was available. While the assumptions regarding
both the influent and the treatment technologies were substantiated by scientific literature, both factors
can differ depending on the geographical location and the experimental context (Friedler et al., 2013).
Because of the variance in the empirical data for operational and influent parameters, the actual
performance of the conceptual design might deviate from the theoretical expectations. It is therefore
recommended to further assess the treatment efficiency of the proposed conceptual designs, for the
parameters included in this research and for currently disregarded pollutants (pathogens, viruses, heavy
metals, toxic substances). These pollutants were disregarded to simplify the design process, as the
objective of this research was to gain an understanding of the engagement of local stakeholders in the
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design process for a sanitation system instead of developing a technical design ready for
implementation.

Operational parameters such as headloss, oxygen demand, and pH were disregarded for
simplicity. In case the required further theoretical assessment shows that the required treatment
efficiency is not achieved for one of these pollutants or that the operational parameters cannot be
safeguarded, it is recommended to redo the design phase and improve the treatment system. Once the
sanitation system is (theoretically) able to treat the wastewater sufficiently, it is strongly recommended
to verify and optimize the removal efficiency and the operating conditions in practice by carrying out a
pilot project (Wagas et al., 2023).

Similarly, aligning the proposed treatment systems with the demands and needs expressed by
the local sanitation experts and community members through the FAHP + FGD is hypothetical, as the
alignment was not verified with the local stakeholders. Instead, the translation from the design scopes
into the developed treatment systems is subjected to the facilitator's interpretation and selectors’ bias.
As aresult, the participation level of local stakeholders in the ‘idea generation’ and ‘development of the
design’ phases, as depicted in the design cycle in Figure 2, is limited to informing. The limited level of
participation of local stakeholders regarding the selection of treatment technologies and the decision
process regarding design choices possibly challenges the full integration of local perspectives, expertise,
and contextual insights in the final design. While this shortcoming was deemed unavoidable in the scope
of this research due to time constraints, it is strongly recommended that verification mechanisms be
implemented in future participatory design cycles. Aligning with the iterative characteristic of the design
cycle, it is proposed to add a FGD with local community members and sanitation experts after the
conceptual design phase. Because the design of sanitation systems requires a deep understanding of
the treatment processes and available treatment technologies in order to safeguard the public and
environmental safety, it is recommended that sanitation experts carry out the development of the
system designs. Including this FGD afterwards would allow validation of the integration of the demands
and needs in the developed design through discussion while not compromising the technical validity of
the proposed design. In case it is concluded from the FGD that the design does not align, the design
should be revised, as is depicted in Figure 63. Once the developed design complies with the effluent
guidelines and aligns with the preferences of the local stakeholders, the design is ready to be piloted.

Design Cycle Community-Engaged Sanitation
E
3 SLR FAHP FGD Design Cycle Desi
i Obtain design —* Determine perceived [—®  Interpret results and —* Translation from scope Pro
@ criteria relative importance form design scope into proposal I
If design rejected

T CTTTTTTTTTTTTTTTS

12 f
-g FGD FAHP FGD Design Phase FGD Design
E Establish relevant [—*  Determine perceived [~ Interpretresultsand —* Translation from scope [~ Verificaionand [—*| Pro
Cg design criteria relative importance form design scope into proposal walidation E

Figure 63| Proposing an additional Focus Group Discussion after the development of the designs, to verify the alignment of the design
with the design scope derived from the Fuzzy Analytical Hierarchy Process in combination with Focus Group Discussions, before the
final design is proposed

5.5.  Revisiting Participation in the Sanitation Design Cycle
Altogether, the FAHP + FGD provides a systematic and user-friendly method to understand the needs
and demands of local stakeholders regarding the design of sanitation systems, but cannot be deemed
exhaustive in ensuring alignment between the preferences of local stakeholders and the final sanitation
system design. Improvement of the engagement of the local stakeholders is proposed through the
additional implementation of the FGD to assess the trade-offs of interest that serve as input for the
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FAHP and the FGD added after the design phase to validate the alignment of the proposed design and
the demands and needs of the local stakeholders.

By implementing the FGD with local community members and sanitation experts in the
‘Problem Comprehension’ phase of the design cycle, it is hypothesized that the FAHP will become more
tailored to the context and contain trade-offs relevant to the local stakeholders. Consequently, the FAHP
becomes less extensive, which improves the user experience of the pairwise comparison exercise.
Furthermore, by allowing local stakeholders to determine the FAHP's input, the stakeholders'
participation can be improved to ‘empowerment’, as they are in charge of setting the boundary
conditions for the design. To support the stakeholders in determining the input, it is recommended to
guide the FGD by providing a directory containing sanitation design criteria, from which design criteria
deemed relevant for the context can be selected. Including both local sanitation experts and local
community members in the phase is recommended, as this allows the early exploration of tensions and
sensitive subjects. Such early confrontations are argued to benefit the negotiation of perspectives and
the co-creation of objectives in the later stages of the design cycle (Andersen et al., 2021).

To understand the needs and demands and thereby shape the design scope, the use of the
FAHP + FGD is recommended. While the participatory level of the FAHP + FGD deployed in this
research was deemed limited to ‘consultation, implementing the FGD to define the trade-offs is
hypothesized to increase the participation level to ‘collaborating’ ‘Empowering’ is not reached, as
processing the data itself is still to be executed by a facilitator due to the mathematical complexity.
However, the data is collected from the local stakeholders, while the interpretation is made through the
FGD. Because the local stakeholders are in charge of determining the input of the process and the
interpretation of the output, the participation level is deemed to be increased to ‘collaborating’. Again,
it is recommended that the FGD be held with both local sanitation experts and community members
attending to explore conflicting perspectives and foster consensus building. During this FGD, possible
design solutions should be explored to
provide concrete input for the
development of the design.

The development of the design
itself should be expert-led to ensure that
the system complies with design

Problem

guidelines and can treat the wastewater Comprehension |
safely. The developed design should be %%
discussed with the local community o | &)
members and the local sanitation experts 1T - Design 3l
through additional FGDs to assess Design Cycle Understanding
Development Needs / Demands

whether the developed design aligns with
the desires and demands of the local
stakeholders. By doing so, the local
stakeholders become ‘empowered’ as the
final decision maker regarding the
suitability of the developed design.

.I

Idea
Generation

N~

Ideation

Criteria Definition

Figure 64| Design cycle for sanitation design processes, as derived from the
findings in this research. The proposed design cycle is an adapted version of
the the design cycle as proposed by Liedtka (2015) for Design Thinking
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6. Conclusion

The lack of access to improved sanitation systems of many people worldwide has sparked an increased
need for sanitation planning processes that can address the social, cultural, technical, and financial
complexities underlying the hampered implementation of sanitation systems. While the potential
benefit of including local sanitation experts and local community members as decision-makers in the
planning process has been widely acknowledged, existing planning frameworks fall short in providing
total design freedom to local stakeholders and concrete input for sanitation design.

This research aimed to understand how implementing a participatory decision-making process
could improve the engagement of local community members and local sanitation experts in a sanitation
design process. A combination of the FAHP and FGD was applied to determining the demands and
needs deemed relevant by local sanitation experts and local community members in a participatory
sanitation design process with the respective groups of stakeholders in Hagonoy, the Philippines. Two
conceptual designs of sanitation systems were developed to understand how the engagement of local
sanitation experts and community members in an open-ended design process would affect the design
itself and how this could contribute to overcoming the limitations of limited decision freedom in
conventional sanitation design processes. The mixed method was assessed for its ability to comprise
the opinion of local stakeholders on a complex technical subject, its ability to create an understanding
of the underlying experiences and beliefs influencing their point of view, and its ability to provide
tangible and relevant input for the development of a conceptual design for sanitation system.

o The completion of a sanitation design process without predefining the possible solutions,
but by integrating the FAHP + FGD in the systematic derivation of the design scope,
demonstrated how a demand- and need-driven design approach allows increased flexibility
and sensitivity for the context in the development of a design. The structured engagement
of local community members and sanitation experts in the early stage of the design cycle
shows a promising method to improve the alignment of the final design with the preferences
of the relevant stakeholders.

o The FAHP + FGD method provided a systematic procedure to understand how design
criteria in the context of sanitation design are preferred and interpreted differently between
local community members and local sanitation experts. Because the FAHP uses pairwise
comparisons, complex problems can be simplified to dual choices, which are
comprehensible for sanitation experts and regular community members, as no significant
difference was observed between the two parties in their ability to provide a consistent
judgment. The addition of the FGD allows participants to elaborate on their preferences,
proposing a promising method to aid facilitators in interpreting the preferences and
translating them into tangible design input. However, it is essential to acknowledge the
limitations of the FAHP + FGD methodology, including possible subjectivity in the
interpretation of results from FAHP and FGDs, extensive pairwise comparisons increasing
the complexity of FAHP, the aggregation of opinions by FAHP, and potential moderator
biases in FGDs.

e The proposed conceptual designs demonstrated the ability of the FAHP + FGD method to
incorporate the demands and needs of both local community members and local sanitation
experts, as their preferences could be recognized in the developed designs. The conceptual
designs revealed configurations that can be traced back to the differences in the design
scopes defined through the FAHP + FGD by the different local stakeholders. Based on the
perceived relative importance stated in the FAHP and local community members'
explanation provided in the FGD, the LCM system was semi-centralized and designed to
serve four households. At the same time, the LSE system was decentralized and served only
one household. Similarly, the local sanitation experts strongly preferred resource recovery
through wastewater treatment; hence, the LSE system included an AnB as the primary
treatment, compared to an ABR as the primary treatment for the LCM system.
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6. Conclusion

In summary, this research contributes to the body of knowledge in community-engaged sanitation
design by demonstrating the effectiveness of the FAHP and FGD methods in engaging community
members, overcoming selectors’ bias for technologies and trade-offs, and producing relevant design
proposals. It also emphasizes the importance of a need-driven approach and offers valuable insights for
future participatory sanitation planning practices. Nevertheless, it is essential to acknowledge that the
FAHP + FGD method did not involve local stakeholders in decision-making throughout the design
process, as the method focused on stakeholder engagement in understanding the needs and demands
underlying the design scope. Furthermore, the local stakeholders did not verify the alignment of the
developed designs with the outcome of the FAHP + FGD method.

6.1. Recommendations for Future Research

Regarding the proposed sanitation system designs, additional research into the treatment efficiency of
the systems is required. Within this research, the treatment assessment was confined to TP, COD, NHs,
and NOs*. To ensure the system's effluent complies with the local effluent guidelines and does not
cause any harm to the community or the environment, the treatment efficiency of other wastewater
pollutants should be assessed. Furthermore, the current system was designed using only gravity-based
treatment technologies. As a result, the footprint of the designs is big, complicating the system's possible
implementation based on limited land area availability in the densely populated town of Hagonoy. It is
therefore proposed to optimize the designed treatment systems through iterations of the design
development phase, guided by the feedback of local stakeholders.

It is recommended for future researchers to delve into the validation of the alignment between
successive design planning stages. While the application and possible contribution of the FAHP + FGD
method to participatory sanitation planning processes were demonstrated in this research, the
developed sanitation designs were not reviewed by the involved local stakeholders. As a result, the
actual alignment with their perspectives and, consequently, the hypothesized improved acceptance
when implementing the design is speculative. Hence, future research should assess whether the
hypothesized alignment caused by the FAHP + FGD improves the acceptance by local stakeholders. It
is recommended to include an FGD after the development of the conceptual designs, in which
participants of previous phases discuss and provide feedback on the developed designs. Through
iteration of the design, alignment between the preferences of the local stakeholders and the design is
improved while assigning the role of the final decision-maker to the local stakeholders.

Furthermore, it is recommended that future research focuses on dissecting the influence of the
aggregating character of participatory design methods and the FAHP in particular. By involving
individuals in the design process and asking them for their opinions, expectations regarding the
alignment of the design outcome and their individual opinions are raised. However, as the opinion of
the mass is not necessarily similar to the opinion of the individual, the misaligned design outcome might
cause rejection of the design outcome by the individual, regardless of the previous inclusion of this
individual in the process. To overcome this, it is recommended that future research focuses on the
drivers of such misaligning opinions and how consensus building might improve the alighment. An
expected interesting research direction beholds the demographical background of the participants and
expectation management. Within this research direction, the proposed FAHP + FGD method provides
a valuable method of obtaining a rough overview of the different opinions, as it provides insights into
how people assess the trade-offs between design criteria and how this should be interpreted and
translated into the design.
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Appendix A — Review Planning Tools

resulting in the selection of feasible
alternatives. The alternatives are picked
from nine possible technologies through a
decision tree. Both the interpretation of
input and the decision-making are done by
the facilitator.

place institutional framework.
Within this framework, this
“essentially reduces to the question
of which is the cheapest,
technically  feasible technology
that the wusers can afford,
maintain, and prefer to cheaper
alternatives” (P46).

treatment technologies.
The community takes on
an advisory role but is not
a decision-maker.

needs/demands phase. In
other phases of the design,
participation is restricted to
informing the community.

Source | Description of tool Design criteria Advantages Disadvantages Participation Conclusion

[1] Through consultation of experts (sanitation | Climatic conditions, site | Easy to use decision tree | Limited to only nine | Limited to consultation of | Preselected design
experts, economists, and behavioural | conditions, population served, | for selection of sanitation | sanitation technologies. community regarding | options limiting
scientists) and end-users, the desires and | state of existing facilities, | technology. Only includes toilet- and | current  practices and | solution space
preferences of all parties are explored, | sociocultural factors, and the in- storage  systems, no | preferences, during

Excel file, containing an assessment sheet of
technology characteristics for prespecified
primary treatment technologies deemed.
The technologies are proposed in pairs to
FGDs consisting of community members,
from which they have to pick the preferred
technology. Additionally, the FGDs scored
the importance of design criteria on a scale
of 1-5. Experts determine the weight of each
criterion, after which the final ranking is
determined by combining the score
assigned by experts with the normalized
score assigned by community members.

acceptance, technological and
physical applicability, economic
and institutional aspects, and
the need to protect human
health and the environment.

the inclusion of local
conditions when
determining  feasibility
technologies.

FGDs and the weighting
system ensure a
participatory approach.

sanitation technologies to
end-users without
technical knowledge.
Only includes toilet- and
storage systems, with no
secondary treatment
technologies.

consulted to understand
the in-place  sanitary
system. They were not
included in defining the
design criteria or the idea
generation. During the final
selection from the set of
proposed  ideas, the
community collaborated as
equal decision-makers with
the experts.

[2] The framework uses a decision tree with | Considers  four  principles: | Easy to use decision tree | Limited to ten sanitation | Stakeholders are solely | Preselected design
simple yes/no questions to come to a | human health, affordability, | for selection of sanitation | technologies. informed. options limiting
proposal for a sanitation system. For every | environmental  sustainability, | technology. Only includes toilet- and solution space
decision, the framework states which of the | and institutional storage systems, with no
design principles has to be taken into | appropriateness. secondary treatment
account by the decision-maker to come to a technologies.
final decision. The community is not

involved in the decision
process.
[3] Feasible technologies are selected from an | Sustainability criteria, social | The framework allows for | Proposed complex | Community members were | Preselected design

options limiting
solution space
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[4] Decision tree focussing on the type of toilet | Criteria used are soil conditions | Easy to use decision tree | Limited to eleven | Stakeholders are solely | Preselected design
(dry or wet), costs, and the soil conditions. | (permeability, soil type), | for selection of sanitation | sanitation technologies. informed. options limiting
The framework is presented as a simple | affordability, and toilet practices | technology. Only includes toilet- and solution space
flow diagram, leading to 11 possible types of | in place. storage systems, with no
sanitation. secondary treatment

technologies.

The community is not
involved in the decision
process.

[5] Decision tree focussing on a “context- | Dewaterability, stability, | The decision tree defines | Limited to only sludge | Solely consultation of end- | Preselected design
appropriate combination of fecal sludge | pathogen reduction, and solid- | both the technology | treatment technologies, | users during assessment of | options limiting
treatment technologies”. The diagram mainly | liquid separation. required to treat the | neglecting the | needs/demands, otherwise | solution space
focuses on the characteristics of the to-be- sludge and the potential | wastewater. participation is limited to
treated sludge. Based on the characteristics end product. The community is not | informing
of the sludge, treatment technologies are involved in the decision
proposed. The diagram also defines the end process.
product of the treatment system.

[6] Digital decision tree, which through binary | Criteria in the decision tool: | Elaborate decision tree, | The tool is designed to be | During the design of the | Only usable by
choices leads to a subset of solutions. These | geographical setting, | proposing subsets of | used by and for experts, | sanitation system, end- | experts due to
solutions are obtained from an elaborate | centralization, toilet system, | technologies with | due to its complexity. users are only involved in | complexity or
database, in which the technologies are | water use, groundwater table detailed information. the final selection of the | limited to expert
explained by their technical, environmental, The subsets of sanitation system. input
and cultural aspects. The subset of solutions technologies include

and design aspects (sizing, location,
acceptance, etc) is discussed with
stakeholders  through an  undefined

participatory approach, allowing them to
influence the final decision.

both toilet systems and
treatment technologies.
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[7] Decision support system for selecting | Criteria determining feasibility: | During nine case studies, | Judgments are expressed | Information about the | Predetermined
sanitation systems that cover low-end | Project context, settlement | the system made sensible | on a qualitative scale, | current situation, the needs, | design  trade-offs
facilities such as latrines and batch | characteristics, soil | recommendations  for | causing difficulties for | and the preferences is | limiting design
composting toilets, addressing the problem | characteristics, quality of water | treatment trains. users to score some of the | recommended to  be | freedom
in developing countries. The system screens | supply, demographics, | The decision support | questions. gathered through
83 predetermined treatment trains for | community requirements, | system is customized for | The model is not | consultation of the
feasibility, after which the alternatives left | effluent quality, greywater. low-cost technologies in | transparent, as it doesnot | community. However, the
are evaluated using a multicriteria | Criteria determining | developing countries. show how the input | input and input format are
evaluation model. A set of questions is | implementability are project affects the output. predefined. The decision
asked to the user, after which an algorithm | facilitation and construction. system itself does not allow
determines the suitability of the feasible | Criteria determining project participation of the end-
treatment  trains. The  best-scoring | facilitation are community user, as the system makes
alternatives are then scored for facilitation, | involvement and community use of an algorithm and can
sustainability, and implementation. The | motivation. be run by only one user.
scores are aggregated, using assigned | Criteria determining
weights, from which a final judgment is | sustainability = are  project
derived. Lastly, the alternatives are assessed | facilitation, community needs,
for their projected costs, using estimates | operation, and maintenance.
derived from cost-capacity relationships.

[8] Manual  for  the  planning and | The requirements for a system | The manual allows future | The manual proposes a | End-users are involved in | Manual proposes
implementation of sanitation projects based | are determined by the facilitator | users to provide input | processrather than a tool. | both problem | sequential process
on sanitation system function requirements | in collaboration with | and make decisions | It does not provide a rigid | comprehension and the | steps, but does not
rather than sanitation technologies. In each | stakeholders. A list of possible | regarding their future | structure for the | definition of needs and | provide a tool or
phase, stakeholders are to be involved. The | criteria is added as possible | sanitation system. evaluation of trade-offs or | demands. The resulting set | framework
process starts with a workshop to identify | inspiration. the evaluation of | of requirements is | assisting in this.
the problem. Subsequently, the boundary technologies. proposed to the
conditions are determined, after which the stakeholders. End-users are
terms of requirements are developed. Using only informed on the
the gathered information, the facilitator in selection of ideas, while
collaboration with sanitation specialists they are the final decision-
identifies a minimum of three appropriate makers on the most
sanitation systems, which are proposed for appropriate solution from
the community to choose from. this selection.
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[9] The technology database contains 58 | The used criteria were grouped | The framework allows for | The decision process | End-users are only | Only usable by
drainage and sanitation systems, composed | under technical functionality, | the inclusion of local | regarding picking the | informed throughout the | experts due to
of 5 different building blocks with the | protection of health, | conditions when | sanitation system is based | process. complexity or
functions of toilets, on-site storage and | environmental protection and | determining feasibility | on the performance limited to expert
treatment, transport, off-site treatment, and | material resources | technologies. criteria, which require input
reuse/disposal. From these 58 systems, the | conservation, social | The database contains | expertise to be
feasible systems are selected by applying | manageability, and economic | elaborate information on | interpreted, hence

predetermined screening criteria to them. | desirability. the included sanitation | excluding end-users from

The remaining systems are assessed by options. the decision-making

experts on the performance criteria for each process.

individual building block in a system, for It is unclear how the

which the required information is included performance criteria are

in the database. used to determine the
score of the sanitation
system.

[10] The Technology Acceptability Framework | Six sustainability dimensions | Information  gathering | The framework has to be | This framework is strictly | Evaluating the
(TAF) is a decision support tool on the | are considered: social, | through easy | repeated for every single | technology driven, hence | suitability of only
applicability, scalability and sustainability of | economic, environmental, | questionnaires. technology:. participation is limited to | one specific
a specific WASH technology to provide | institutional and legal, skills and The proposed guidelines | informing end-users on | technology
lasting services in a specific context and on | knowhow and the technical set out the trade-offs tobe | technological choices and
the readiness for its introduction. The | dimension. considered by  the | trade-offs, while only
assessment of a technology is based on a set facilitator. consulting end-users

of questionnaires considering 18 indicators,
posing around 3-7 guiding questions and
one scoring question per indicator.

regarding their needs and

demands.
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[11] The developed planning tool contains five | The criteria used to assess | The framework allows for | The tool does not make | The community is | Evaluating the
steps: first, the stakeholders and current | technologies are Health risks | the inclusion of local | use of a technology | consulted in the | suitability of only
policy are analyzed. Afterward, the target | caused by systems, | conditions when | database, which causes | determination of the local | one specific
sanitation level is established. Next, the | compatibility with the existing | determining  feasibility | the selection of possible | conditions. Otherwise, the | technology
local conditions (both physical and socio- | system,  investment  cost, | technologies. technologies to depend | community was  only
economical) are assessed, before assessing | operational and maintenance on the knowledge and | informed on the made
technologies on their applicability in this | cost, technical skills required, preference of the | decision and the selected
setting. Lastly, the technologies are also | availability of materials, land facilitator. technology.
assessed for sustainability. required, resource The absence of weights

consumption, energy, resource for indicators and not

recovery, system performance, aggregating the obtained

and public acceptance. scores obstruct
facilitators from
interpreting the data
easily.

[12] The Sanitation 21 framework consists of | Criteria are defined through | The framework promotes | The manual proposes a | The framework | Manual proposes
three parts to reach effective sanitation | discussions with stakeholders a discussion between | processrather than a tool. | recommends involvement | sequential process
planning: defining the context; identifying stakeholders in different | It does not provide arigid | of  stakeholders and | steps, but does not
technical options and determining the contexts and domains. structure for the | community in the need | provide a tool or
feasibility of the options. The technologies evaluation of trade-offs or | assessment. The design | framework
are identified and listed based on their the evaluation of | scope is developed in | assisting in this.
treatment  capacity and level  of technologies. collaboration with
management required. In the last step, these stakeholders, while the
technologies are assessed on their ability to design itself is developed by
meet the objectives defined by stakeholders the facilitator. Feedback on
(in the first step). the design is only asked

after ideation.

[13] Planning tool focussing on the comparison | The tool focuses on the | Only limited amount of | The model is solely | Stakeholders are solely | Focussing on only
of different water and sanitation systems | determination of the net | input data is required. expert-based. informed. financial or
based on their net present value. The tool is | present value. Other criteria are The tool is heavily based technical ~ design
based on numbers of simplifying | not considered. on simplifying criteria
assumptions, allowing planners to use the assumptions, increasing

tool in early stages of a project while only
having limited information.

the uncertainty in the
eventual cost estimate.
The tool only considers
costs as a decision
criterion.
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[14] The framework applies a stochastic model | Used input parameters are | The computational | The model is solely | Stakeholders are solely | Focussing on only
of the sanitation system and a probabilistic | distance to facility, transport | nature of the model | expert-based. informed. financial or
analysis of remote sensing data. The | costs, product accumulation | allows tweaking of the | The developed model technical  design
developed model focuses on the cost and | rate, and transport capacity. numbers, enabling the | focuses on the sanitation criteria
capacity of a system. The values of input development of multiple | service system
parameters are initially based on literature scenarios fairly easily. (collection, distribution,
and expert judgment. etc.), instead of the

treatment  technologies
itself.

[15] The developed program is a decision | The required input parameters | The program contains an | Users are required to | Stakeholders are solely | Only usable by
support platform to assist planners in | are grouped into: | elaborate technology | have expertise in water | informed. experts due to
selecting suitable water and wastewater | demographics, resources (both | database. treatment technologies to complexity or
treatment processes appropriate to the | construction and operation), | Users can flexibly choose | use the tool. limited to expert
material and  manpower  resource | hydrological/meteorological, from sanitation input
capabilities of particular countries at | finances, and on-site | technologies integrated
particular times. The main use of the tool is | (geographical  characteristics, | into software and
for people with a technical background to | cultural practices). combine  them  for
screen and research possible water customized situations.
treatment options. Through 53
predetermined questions, information about
the target location is gathered. Afterward,
the user of the tool is expected to construct
treatment trains with the building blocks
provided by the database.

[16] The framework combines resource flux | The decision criteria for | Users can flexibly choose | Users are required to | Stakeholders are solely | Only usable by
modelling, simulations, visualizations, life | sustainability included in the | from sanitation | have expertise on water | informed. experts due to
cycle assessments and life cycle costing. | framework are: ecology | technologies integrated | treatment technologies to complexity or
The framework aims to aid in the decision- | (Eutrophication Potential, | in software and combine | use the tool. limited to expert

making process regarding sanitation
systems from a perspective of sustainability.
The built-in evaluation function allows for
analysis of sustainability criteria of both
individual treatment units and the total
system.

Energy Input, Greenhouse Gas

Emissions, Organic Matter,
Organic micropollutants,
Physical footprint), economy

(Life Cycle Costs), social issues
(Social ~ Acceptance) and
flexibility.

them for customized
situations, while allowing
new technologies to be
added.

The community is not
involved in the decision
process.

input
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[17] The framework makes use of a custom | Evaluation criteria for | The algorithm combines | The derived sanitation | The set of screening criteria | Predetermined
library containing 41 sanitation | sustainable  sanitation are: | and evaluates all possible | system configuration can | is to be determined in | design trade-offs
technologies. An algorithm generates all | Water requirements, Energy | technologies based on | be inefficient from an | collaboration with local | limiting design
possible sanitation systems, using screening | requirements, Water supply | user selected design | engineering perspective. | stakeholders, assessing the | freedom

criteria based on predefined design
objectives to select only appropriate
technologies for the specified case study.
The algorithm then calculates the
appropriateness score of the proposed
treatment trains, identifying the most
appropriate option. In addition, the
algorithm quantifies resource recovery
potentials and environmental emissions.

stability, Energy supply stability,
Operation and Maintenance

frequency, Climate type,
Temperature, Flooding
tolerance, Vehicle access, Slope
requirements, Sail type,
Groundwater depth,
Excavation, Population size,
Population density,
Construction  skills, Design
skills, Operation and
Maintenance skills,
Management required,

Construction materials, Spare
parts requirements, Chemical

requirements, Area
requirements, Influent volume
stability, Pollution  stability,

Religious constraints, Cultural
constraints, User awareness,
Cleansing method, Odour,
Design participation, Effluent
quality, Solid residue quality,
Investment costs, Annual costs.

objectives, while allowing
the user to add new
technologies.

The framework provides
a reproducible method to
systematically assess and
compare the available
options.

Translation of design
objectives into design
criteria and selection of
appropriate  criteria is
carried out by
facilitator/expert.

demands of stakeholders.
Empowerment is not
reached as the format of
the design scope s
predetermined by  the
facilitator. Both the ideation
and selection of possible
sanitation  systems  is
executed by the algorithm,
hence stakeholders are
solely informed.
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[18] The Citywide Inclusive Sanitation (CWIS) | Principles included: Equal | Emphasizes the role of | The framework proposes | Role of end-users in | Does not provide
focuses on service provisioning and the | benefits for all affected by | the institutions in | considerations within a | design process is not | concrete input for
suitable management structure, instead of | sanitation system, social and | sanitation planning process rather than a | defined. sanitation design
the construction of sanitation itself. CWIS | gender equity included in tool/process. It does not process
proposes guidelines and principles that have | design process, safely managed provide a rigid structure
to be taken into account when a sanitation | human waste, transparently for the evaluation of
design process is started. acting authorities, engaged trade-offs mnor for the

authorities, long term planning evaluation of
based on analysis of needs and technologies.
resources, political willingness.

[19] The framework makes use of the diffusion | Model factors:  Population | The model includes the | The framework provides | Role of end-users in | Does not provide
of innovations (TDI) and the theory of | awareness of resource recovery | perception of end-users, | feedback on a design, but | design process is not | concrete input for
planned behaviour (TPB). The framework | systems,  Persuasion rate, | assessing the projected | no design is generated. defined. sanitation design
focuses on analysing the theoretical | Adoption rate, Design scale, | adoption. process
adoption of a sanitation system. Based on | Capital Cost, Available budget,
the findings from this framework, the | Operation and maintenance
sanitation system can be changed to | costs, Education level, Sludge
improve the adoption and sustainability in | production, Hydraulic retention
the model’s simulated output. time, TSS performance, BOD

performance, Level of
sustainability.

[20] The framework distinguishes between | No design criteria  were | Promotes improved | The framework proposes | Does not link | Does not provide
contextual factors and procedural elements | provided. stakeholder participation | a process rather than a | participation to design | concrete input for
influencing participatory sanitation design. in the design process. tool. It does not provide a | cycle. sanitation design
The framework provides principles and rigid structure for the process

proposes boundary conditions that are
required for a participatory process. The
framework itself however does not develop
tangible design input.

evaluation of trade-offs
nor for the evaluation of
technologies.
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Appendix C - Overview Substantiation Design Criteria
Acceptability Recovered Resources

Sucu et al. (2021)

Furness et al. (2021)

Lee et al. (2018)

Hadipour et al. (2015)
Nyoka et al. (2017)
Akhoundi and Nazif (2018)
Wells et al. (2016)

Acceptability Technology
Tjandraatmadja et al. (2012)
Chamberlain et al. (2014)
Zheng et al. (2016)

Younes (2020)
Ramezanianpour and Sivakumar (2019)
Nyoka et al. (2017)
Curiel-Esparza et al. (2014)
Kanda et al. (2023)

Omran et al. (2021)

Wells et al. (2016)

Kalbar et al. (2013)

Haag et al. (2022)

Salamirad et al. (2021)

Clean/Dirty
Nunbogu et al. (2019)
Temesgen et al. (2021)
Nyoka et al. (2017)

Collective Efficacy
Delea et al. (2018)

Community Safety and Wellbeing
Tjandraatmadja et al. (2012)

Krause and Koppel (2018)

Zheng et al. (2016)

Kanda et al. (2021)

Lee et al. (2018)

Nunbogu et al. (2019)

Aubert et al. (2022)

Younes (2020)

Hadipour et al. (2015)

Ramezanianpour and Sivakumar (2019)
Nyoka et al. (2017)

Curiel-Esparza et al. (2014)

Kanda et al. (2023)

Akhoundi and Nazif (2018)

Wells et al. (2016)
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Haag et al. (2022)

Competition
Furness et al. (2021)

Demographics
Tjandraatmadja et al. (2012)
Bao et al. (2012)

Nunbogu et al. (2019)
Omran et al. (2021)

End-user Behaviour
Tjandraatmadja et al. (2012)
Delea et al. (2018)
Temesgen et al. (2021)
Kalbar et al. (2013)

Environmental Friendly
Tjandraatmadja et al. (2012)
Krause and Koppel (2018)
Zheng et al. (2016)

Bao et al. (2012)

Furness et al. (2021)

Lee et al. (2018)

Younes (2020)

Hadipour et al. (2015)

Liet al. (2022)
Curiel-Esparza et al. (2014)
Kanda et al. (2023)
Akhoundi and Nazif (2018)
Gherghel et al. (2020)

Haag et al. (2022)
Salamirad et al. (2021)

Expertise Required
Tjandraatmadja et al. (2012)
Kanda et al. (2021)

Bao et al. (2012)

Rupf et al. (2016)

Paulo et al. (2019)

Nunbogu et al. (2019)
Temesgen et al. (2021)
Younes (2020)

McGranahan and Mitlin (2016)
Hadipour et al. (2015)
Curiel-Esparza et al. (2014)
Kanda et al. (2023)
Akhoundi and Nazif (2018)
Omran et al. (2021)
Tepong-Tsinde et al. (2013)
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Salamirad et al. (2021)

Fly Nuisance

Kanda et al. (2021)
Nunbogu et al. (2019)
Nyoka et al. (2017)
Akhoundi and Nazif (2018)

Geographical Limitations
Tjandraatmadja et al. (2012)
Chamberlain et al. (2014)

Lee et al. (2018)
Garrido-Baserba et al. (2014)
Omran et al. (2021)
Tepong-Tsinde et al. (2015)
Kalbar et al. (2013)

Salamirad et al. (2021)

Government Capacity

Chamberlain et al. (2014)
Hadipour et al. (2015)

Income Recovered Resources
Sucu et al. (2021)

Job Creation
Chamberlain et al. (2014)
Lee et al. (2018)

Rupf et al. (2016)

Nyoka et al. (2017)
Akhoundi and Nazif (2018)
Omran et al. (2021)

Haag et al. (2022)

Labour Intensity
Tjandraatmadja et al. (2012)
Krause and Koppel (2018)
Lee et al. (2018)

Kanda et al. (2023)
Akhoundi and Nazif (2018)
Omran et al. (2021)
Salamirad et al. (2021)
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Low Maintenance

Tjandraatmadja et al. (2012)
Paulo et al. (2019)
Temesgen et al. (2021)
Aubert et al. (2022)
Hadipour et al. (2015)
Ramezanianpour and Sivakumar (2019)
Nyoka et al. (2017)
Akhoundi and Nazif (2018)
Tepong-Tsinde et al. (2015)
Kalbar et al. (2013)
Salamirad et al. (2021)

Market Readiness

Chamberlain et al. (2014)
Lee et al. (2018)

Market Value
Chamberlain et al. (2014)
Furness et al. (2021)

Lee et al. (2018)

Akhoundi and Nazif (2018)
Wells et al. (2016)

No Interference with users’ activities

Tjandraatmadja et al. (2012)
Zheng et al. (2016)

Kanda et al. (2021)

Rupf et al. (2016)

Nunbogu et al. (2019)
Aubert et al. (2022)

Kanda et al. (2023)

Omran et al. (2021)

Wells et al. (2016)

Policy Alignment
Tjandraatmadja et al. (2012)
Krause and Koppel (2018)
Furness et al. (2021)
Nunbogu et al. (2019)
Garrido-Baserba et al. (2014)
McGranahan and Mitlin (2016)
Hadipour et al. (2015)

Kanda et al. (2023)

Scholz (2013)

Kalbar et al. (2013)
Salamirad et al. (2021)
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Privacy

Kanda et al. (2021)

Bao et al. (2012)

Nunbogu et al. (2019)
Temesgen et al. (2021)
McGranahan and Mitlin (2016)

Protection

Kanda et al. (2021)

Nunbogu et al. (2019)
McGranahan and Mitlin (2016)

Regulations
Chamberlain et al. (2014)
Lee et al. (2018)

Reliability
Tjandraatmadja et al. (2012)
Krause and Koppel (2018)
Rupf et al. (2016)
Curiel-Esparza et al. (2014)
Wells et al. (2016)

Replicability
Kalbar et al. (2013)

Shared Users

Kanda et al. (2021)

Bao et al. (2012)

Nunbogu et al. (2019)
Temesgen et al. (2021)
McGranahan and Mitlin (2016)
Lietal (2022)

Nyoka et al. (2017)

Social Control

Delea et al. (2018)

Nunbogu et al. (2019)
McGranahan and Mitlin (2016)

Social Norms

Delea et al. (2018)

Nunbogu et al. (2019)
Temesgen et al. (2021)
McGranahan and Mitlin (2016)
Nyoka et al. (2017)

Akhoundi and Nazif (2018)
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Adaptability to Influent Quality
Sucu et al. (2021)

Tjandraatmadja et al. (2012)

Zheng et al. (2016)

Rupf et al. (2016)

Paulo et al. (2019)

Garrido-Baserba et al. (2014)
Ramezanianpour and Sivakumar (2019)
Liet al. (2022)

Akhoundi and Nazif (2018)
Tepong-Tsinde et al. (2015)

Capital Expenditure
Sucu et al. (2021)
Tjandraatmadja et al. (2012)
Chamberlain et al. (2014)
Krause and Koppel (2018)
Zheng et al. (2016)

Kanda et al. (2021)

Bao et al. (2012)

Furness et al. (2021)

Lee et al. (2018)

Rupf et al. (2016)

Paulo et al. (2019)
Temesgen et al. (2021) Garrido-Baserba et al. (2014)
Younes (2020)

Hadipour et al. (2015)
Ramezanianpour and Sivakumar (2019)
Liet al. (2022)
Curiel-Esparza et al. (2014)
Kanda et al. (2023)
Akhoundi and Nazif (2018)
Omran et al. (2021)
Gherghel et al. (2020)
Tepong-Tsinde et al. (2015)
Kalbar et al. (2013)

Haag et al. (2022)
Salamirad et al. (2021)

Centralized/Decentralized
Sucu et al. (2021)

Zheng et al. (2016)

Bao et al. (2012)

Tumwebaze et al. (2021)

Lee et al. (2018)

Temesgen et al. (2021)

Aubert et al. (2022)

Younes (2020)

McGranahan and Mitlin (2016)
Lietal (2022)

Akhoundi and Nazif (2018)
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Tepong-Tsinde et al. (2013)

Climate Independency
Tjandraatmadja et al. (2012)
Bao et al. (2012)

Rupf et al. (2016)

Paulo et al. (2019)
Garrido-Baserba et al. (2014)
Akhoundi and Nazif (2018)
Scholz (2013)

Tepong-Tsinde et al. (2013)
Salamirad et al. (2021)

Energy Use
Chamberlain et al. (2014)
Zheng et al. (2016)
Furness et al. (2021)

Lee et al. (2018)

Rupf et al. (2016)
Garrido-Baserba et al. (2014)
Aubert et al. (2022)

Liet al. (2022)
Curiel-Esparza et al. (2014)
Akhoundi and Nazif (2018)
Omran et al. (2021)
Gherghel et al. (2020)

Fit for Environment

Sucu et al. (2021)
Chamberlain et al. (2014)
Kanda et al. (2021)

Bao et al. (2012)

Rupf et al. (2016)

Nunbogu et al. (2019)
Garrido-Baserba et al. (2014)
Younes (2020)

McGranahan and Mitlin (2016)

Kanda et al. (2023)
Akhoundi and Nazif (2018)
Scholz (2013)
Tepong-Tsinde et al. (2015)
Kalbar et al. (2013)

Flexibility

Sucu et al. (2021)

Zheng et al. (2016)

Bao et al. (2012)

Lee et al. (2018)

Akhoundi and Nazif (2018)
Omran et al. (2021)
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Tepong-Tsinde et al. (2013)
Kalbar et al. (2013)

Lifetime

Sucu et al. (2021)
Kanda et al. (2021)
Younes (2020)

Kanda et al. (2023)
Omran et al. (2021)
Kalbar et al. (2013)
Salamirad et al. (2021)

Locally Available Construction Resources
Kanda et al. (2021)

Rupf et al. (2016)

Nunbogu et al. (2019)

Temesgen et al. (2021)

Garrido-Baserba et al. (2014)

Lietal. (2022)

Kanda et al. (2023)

Tepong-Tsinde et al. (2015)

Salamirad et al. (2021)

Monitoring Capability
Tjandraatmadja et al. (2012)
Salamirad et al. (2021)

Net Water Use

Tjandraatmadja et al. (2012)

Furness et al. (2021)

Ramezanianpour and Sivakumar (2019)
Haag et al. (2022)

Noise Potential

Sucu et al. (2021)
Tjandraatmadja et al. (2012)
Chamberlain et al. (2014)
Salamirad et al. (2021)

Odour Emission

Sucu et al. (2021)
Tjandraatmadja et al. (2012)
Chamberlain et al. (2014)
Kanda et al. (2021)
Nunbogu et al. (2019)
Younes (2020)

Nyoka et al. (2017)
Akhoundi and Nazif (2018)
Omran et al. (2021)
Salamirad et al. (2021)
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Operational Expenditure
Sucu et al. (2021)
Tjandraatmadja et al. (2012)
Chamberlain et al. (2014)
Krause and Koppel (2018)
Zheng et al. (2016)

Bao et al. (2012)

Furness et al. (2021)

Lee et al. (2018)

Rupf et al. (2016)

Younes (2020)

McGranahan and Mitlin (2016)
Hadipour et al. (2015)
Ramezanianpour and Sivakumar (2019)
Liet al. (2022)
Curiel-Esparza et al. (2014)
Kanda et al. (2023)
Akhoundi and Nazif (2018)
Omran et al. (2021)

Gherghel et al. (2020)
Tepong-Tsinde et al. (2015)
Haag et al. (2022)

Salamirad et al. (2021)

Product Disposal
Tjandraatmadja et al. (2012)
Chamberlain et al. (2014)
Furness et al. (2021)

Lee et al. (2018)
Garrido-Baserba et al. (2014)
McGranahan and Mitlin (2016)
Ramezanianpour and Sivakumar (2019)
Nyoka et al. (2017)

Akhoundi and Nazif (2018)
Omran et al. (2021)

Gherghel et al. (2020)

Haag et al. (2022)

Salamirad et al. (2021)

Product Use

Furness et al. (2021)

Garrido-Baserba et al. (2014)
Ramezanianpour and Sivakumar (2019)
Lietal (2022)

Curiel-Esparza et al. (2014)

Omran et al. (2021)

Tepong-Tsinde et al. (2013)

Kalbar et al. (2013)

Salamirad et al. (2021)
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Reliability

Tjandraatmadja et al. (2012)

Zheng et al. (2016)

Bao et al. (2012)

Ramezanianpour and Sivakumar (2019)
Curiel-Esparza et al. (2014)

Akhoundi and Nazif (2018)

Omran et al. (2021)

Kalbar et al. (2013)

Removal Efficiency

Sucu et al. (2021)
Tjandraatmadja et al. (2012)
Zheng et al. (2016)
Tumwebaze et al. (2021)

Lee et al. (2018)

Rupf et al. (2016)
Garrido-Baserba et al. (2014)
Aubert et al. (2022)

Younes (2020)
Ramezanianpour and Sivakumar (2019)
Curiel-Esparza et al. (2014)
Akhoundi and Nazif (2018)
Omran et al. (2021)
Tepong-Tsinde et al. (2015)
Salamirad et al. (2021)

Resource Recovery Potential
Sucu et al. (2021)
Chamberlain et al. (2014)
Zheng et al. (2016)

Kanda et al. (2021)

Bao et al. (2012)
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Appendix D - Graphical Overview Merges Design Criteria
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Appendix E — Definitions, Scenarios, and Examples to Design Criteria

Tag | Design criteria | Description ‘ Category
S.1 Centralization/Decentralization | Centralization/Decentralization refers to the degree to which wastewater treatment facilities and their management are shared among its users Definition
In the context of this project, decentralized sanitation refers to a sanitation system on an individual household level, while centralized sanitation refers to a sanitation Scenario
system on the neighbourhood level
Every family is responsible for treating their own wastewater versus the neighbourhood shares the facilities and the responsibilities Example
S.2 Community Health Community Health refers to promoting and maintaining the health and well-being of a community as a whole through the practice of sanitation Definition
The sanitation system should improve the overall health and cleanliness of the community Scenario
The spread of diseases such as diarrhoea, cholera, and typhoid are decreased because of the implementation of the sanitation system Example
S.3 Cultural Alignment Cultural Alignment refers to the degree of approval and satisfaction that various stakeholders, including the public, regulatory agencies, householders, and other Definition
community members, have towards a sanitation technology or treatment train based on their current values, beliefs, and ideologies
The use of the sanitation system aligns with values, beliefs, and ideologies present in the community Scenario
The toilet allows people to rinse themselves with water after use Example
S.4 Ease of Use Ease of Use refers to a system’s ability to minimize interference with users' activities, including low time investment, user-friendly features, and convenience in their daily | Definition
routine
The sanitation system is accessible and convenient in its use Scenario
The sanitation system can be used by elderly and less mobile community members as well Example
S.5 Environmental Friendly Environmental Friendly refers to wastewater treatment solutions, practices, or actions that prioritize protecting and conserving the local environment Definition
The (by-)products of the wastewater treatment system should not affect the health of the local environment in the vicinity of the treatment system Scenario
Flora and fauna are not negatively influenced by treating the wastewater Example
S.6 Expertise Required Expertise Required refers to the specific set and amount of skills, knowledge, and experience necessary to successfully perform a task or achieve a specific goal. Definition
The sanitation system should be simple and easy to construct, maintain and use Scenario
The community is able to install and operate the sanitation system itself, without external help Example
S.7 Job Opportunities Job Opportunities refers to the process of generating new employment opportunities through activities aimed at improving sanitation conditions. Definition
Implementation of the sanitation system creates job opportunities for members of the local community Scenario
Community members operate the system and are paid for their efforts Example
S.8 Nuisance Nuisance in the context of wastewater treatment refers to any unpleasant or irritating aspect resulting from the operation of the sanitation system, including the presence | Definition
of pests, such as flies, rodents, and mosquitos, the release of unpleasant or noxious odours, and the level of noise generated.
The sanitation system causes no pest, noise, or odour nuisance Scenario
Operating the sanitation system causes no bad smell, does not generate irritating noises and attracts no (unwanted) animals Example
S.9 Policy Alignment Policy Alignment refers to the extent to which a governmental organization establishes and enforces institutional arrangements and regulatory frameworks regarding Definition
sanitation.
The sanitation system complies with the regulations and policies installed by the government Scenario
The local government supports the sanitation system by granting help, permits, and subsidies Example
S5.10 | Aesthetics Appearance refers to the visual aspects of the design of sanitation facilities, including their form, size, colour, texture Definition
The sanitation system is aesthetically pleasing Scenario
The size of the toilet is small and fits the existing design of the house Example
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Tag | Design Criteria | Description | Category
T.1 Capital expenditure Capital expenditure refers to the total amount of money that is spent on the initial acquisition, construction, and installation of sanitation units Definition
The required initial investment to develop and construct the sanitation system is low Scenario
The construction of the sanitation system fits well within the budget of the local government Example
T.2 Geographical suitability Geographical suitability refers to the evaluation of a location's physical and environmental characteristics to determine its suitability - including topography, groundwater flow, | Definition
sail conditions, and hydrogeological risks - to identify the most appropriate sanitation technology and system design for the specific site
The sanitation system is tailored for the environmental conditions present at the targeted location Scenario
The sanitation system is able to operate in flood-prone areas Example
T.3 Locally available Locally available construction resources refer to the materials and resources that are readily accessible within a specific region or area and that can be used in the construction | Definition
construction resources of wastewater treatment systems
The sanitation system can be constructed with resources available at the targeted location Scenario
The construction of the sanitation system only requires wood, clay, and bricks Example
T4 Operational expenditure Operational expenditure refers to the ongoing costs associated with the operation and maintenance of a sanitation unit process or system, such as personnel costs, energy Definition
costs, chemical costs, and maintenance and repair costs
Operating the sanitation system is cheap Scenario
To operate the sanitation system, no expensive chemicals are required Example
T.5 Resilience Resilience refers to the ability of a wastewater treatment system to maintain consistent and effective performance despite variations in both influent quality and climatic Definition
conditions
Changes in the local conditions of the treatment system do not affect the performance of the system Scenario
The treatment system is able to handle concentration peaks in the influent Example
T.6 Resource recovery Resource recovery potential refers to the ability of a process or technology to recover valuable resources from waste(water) — such as energy, nutrients, and water — suitable Definition
potential for local use
The sanitation system allows the recovery of resources from domestic wastewater, such as biogas, fertilizer and/or water Scenario
The clean water produced by the treatment system is used for the irrigation of crops Example
T.7 | Resource use Resource use refers to the amount of energy, water, and chemicals required to operate the wastewater treatment system Definition
The sanitation system requires little additional resources to operate Scenario
No extra chemicals are required to treat the wastewater Example
T.8 Robustness Robustness refers to remain operationally effective over its expected lifetime while requiring minimal upkeep, cleaning, or repairments Definition
The materials used for the sanitation system require little cleaning and maintenance to remain functional Scenario
The system does not contain compartments vulnerable for corrosion by wastewater Example
T.9 Safe product disposal Safe product disposal refers to the production, handling and disposal of potentially harmful waste products generated by a sanitation system Definition
The sanitation system does not produce harmful or toxic (by-) products Scenario
The treatment system does not concentrate heavy metals in the wastewater effluent up to toxic levels Example
T.10 | System performance System performance refers to the effectiveness and consistency of a wastewater treatment process in achieving the desired effluent quality Definition
The quality of the wastewater produced by the sanitation system is consistently sufficient Scenario
The water is treated sufficiently to allow discharge of the wastewater produced Example
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Appendix F - Background Information Hagonoy

Topographical conditions

The Philippines is an archipelagic country, comprising over 7000 islands, located in Southeast Asia ().
The location of interest is the municipality of Hagonoy, located in the southwest of the province of
Bulacan on the main island of Luzon and approximately 54 kilometers from the Philipino capital
Manila (Schaik, 2016; Abenir et al, 2022). The municipality of Hagonoy is located at 14°50°N,
120°44’E (PhilAtlas, 2021). The municipality spans 103.10 km2 and is divided into 26 sub-
municipalities: so-called barangays (Follosco-Aspiras & Santiago, 2016).

The municipality of Hagonoy is located in the North Manila Bay Delta, which is the
connection between the Pampanga River Basin — a catchment area of 10.000 km2 — and Manila Bay
itself (JICA, 2011). The Delta’s elevation ranges from 0-1 meters above Manila Sea Level (MSL) at
the river outflow to 9 meters above MSL at 30 kilometers from the river outflow, causing the
topography of Hagonoy to be relatively flat (RHDHYV, 2022).

The Pampanga River Basin contains two ‘main’ river systems, the Pampanga River System in
the West and the Angat River System in the East, which both pass Hagonoy before discharging in
Manila Bay (Tabios III & de Leon, 2020). At the lower sections of the basin, the rivers are divided into
relatively small branches and filled with fish ponds (PAGASA, n.d.). The province of Bulacan houses
three dams, which are all constructed in the Angat River and serve as a water source for agricultural
and domestic water use. The river source is located in the Sierra Madre mountain range, after which
it consecutively passes the Angat dam, the Ipo dam, and the Bustos dam, with reservoir capacities of
7.5M m3, 850M m3, and 17M m3 respectively (PDRRMO Bulacan, n.d.; Philippine Star, 2014). During
heavy rain, these dams discharge into the Pampanga River.

Climatic conditions

The Philippines is located close to the equator, resulting in a humid equatorial climate. Three seasons
are distinguished, with the cool dry season between December and February, the hot dry season
between March and May, and the rainy season between June and November (World Bank, 2021). The
average temperature in the Philippines is 27 degrees Celsius, ranging between average temperatures
of 21 and 32 degrees Celsius (PAGASA, 2015). The rainfall in central Luzon (the main island) averages
an annual 4050 millimetres and the average humidity is 82% (CCKP, 2021; World Bank, 2021).

The Philippines was appointed as one of the most disaster-prone countries in the world by the
United Nations University World Risk Report in 2014 (UNU, 2014). The severity and frequency of
natural hazards in the Philippines have been increasing and are expected to increase in the upcoming
years because of climate change (GFDRR, 2011; IPCC, 2019). According to the IPCC report from
2019 on the ocean and cryosphere in a changing climate, sea level rise causes submergence of land,
increased flooding, coastal erosion, loss/change of coastal ecosystems, salinization of soils and
waterbodies, and impeded drainage (IPCC, 2019; Williams et al., 2020).

According to the World Bank, 60% of the land surface and 74% of the population of the
Philippines is exposed to natural hazards (CCKP, n.d.). The country is located on the tectonic
Philippine Sea Plate, which is positioned in the convergence zone of the Eurasian Plate, the Pacific
Plate, and the Indo-Australian Plate (Zhang et al., 2022). This meeting point of tectonic plates causes
the country to contain multiple active volcanoes and the Philippines to be prone to earthquakes ().

The equatorial location of the Philippines makes the country prone to cyclones, with a yearly
average of 19.4 tropical cyclones entering the country’s area of responsibility (Cinco et al., 2016).
While only 7-9 cyclones reach landfall, they provide approximately 40% of the annual rainfall,
offsetting landslides and causing flooding (Yumul et al, 2010; Holden & Marshall, 2018). The
geographical location of the Philippines have caused the country to be heavily affected by hydro-
meteorological events, leading to floods, typhoons, monsoons, and thunderstorms to cause 80% of
the natural disasters in the Philippines in the last 50 years (UNDRR, 2019).

Because of its location, the municipality of Hagonoy is subdued to pluvial, fluvial, and coastal
flooding. The tide is diurnal and ranges between 1.2 meters during spring tide to 0.4 meters during
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neap tide (Jacinto et al., 2006). Additionally, the tide can be increased by up to 80% during monsoons
(June — September), or due to wind waves (Rodolfo & Siringan, 2016). The fluvial flood in Hagonoy is
caused by the tide in Manila Bay, forcing the Pampanga River, the Hagonoy River, and the Labangan
Floodway to overflow (Williams et al., 2020).

While the described problems are already occurring, Manila Bay is experiencing an additional
1.5 to 2.5 cm relative annual sea level rise (Mialhe et al, 2016, Morin et al, 2016). The deltaic
location of Hagonoy causes natural ground subsidence, which is in turn increased by groundwater
extraction, leading to observed ground subsidence of 2.5 — 5 cm per year in these areas (Rodolfo et
al., 2003; Lagos et al.,, 2022). The increased land subsidence at the coast of Manila Bay is experienced
as a relative sea level rise, enhancing the tidal floods in the coastal areas (Rodolfo and Siringan, 2006).
Altogether, the tidal cycle results in five to seven floodings of Hagonoy per month on average (Van ‘t
Veld, 2015). In a survey among 25 tricycle drivers in Hagonoy focussing on the effect of floods on
their work, 56% of the tricycle drivers mentioned a frequency of seven floodings per week, while 20%
and 24% of the interviewed tricycle drivers observed five to six and three to four floodings per week
respectively (Umali et al,, 2023). While efforts have been made by the municipality and the local
government, neighborhoods in Hagonoy are still experiencing regular flooding. Although roads are
elevated and hence usable again, many alleyways and homes are frequently or permanently flooded
(Hiwasaki et al., 2015; Williams et al., 2020).

Demographical conditions

The Philippine Statistics Authority determined the number of inhabitants of Hagonoy at 133.448 in
2020 (PSA, 2020a). In 2015, the number of households in Hagonoy was established at 30.208
households, averaging 4.29 members per household. Within the same statistical analysis of the
population, the average age was determined as 27 years (PSA, 2015). Of the entire population in
Hagonoy in 2015, 28.61% (37.133 individuals) were aged under 14 and hence deemed directly
depending on others. 5.56% (7.211 individuals) are older than 65, hence also dependent, resulting in
an economically active population of 65.84% (85.463) (PSA, 2015).

The majority of the inhabitants belong to the ethnic group Tagalog, originating from the
similarly named Tagalog region on the island of Luzon. The main language, both in Bulacan and the
Philippines, is also called Tagalog (Centeno Savella, n.d.). The religious affiliation of the population of
the Philippines is mainly Roman Catholic (78.8% of total individuals), followed by Islam (6.4%) and
Iglesia ni Cristo (2.6%) (PSA, 2023).

The municipality of Hagonoy houses 29 public elementary schools, 10 private elementary
schools, 4 public high schools, 4 private high schools, and two institutes for higher education: Bulacan
State University and Hagonoy Institute of Technology (van Schaik, 2016).

Socio-economic conditions

The main economic driver in Hagonoy is the fishing industry, as Hagonoy serves as one of the main
suppliers of fish to Metropolitan Manila (Province of Bulacan, n.d.). Over 70% of the municipal area is
devoted to the aquaculture industry, with fish farming being the main driver of the local economy
(Hagonoy Water District, 2016). The province of Bulacan is one of the largest producers of shrimp
and fish, having adopted a polyculture farming strategy focusing on shrimps, milkfish, tilapia, and
mudcrab (David et al., 2019). The frequency of flooding of the fish ponds has however led to the
abandoning of some fish ponds, thereby causing large flooded areas to be without any spatial function
(Ham, 2018). Besides fishermen, other main occupations concern taxi drivers, local business owners,
and social workers (Juradoz, 2021).

The employment rate in the Philippines in 2022 was estimated at 95.6 percent, causing 4.4
percent of the population available for labor to be unemployed (PSA, 2023a). Nevertheless, the
Philippine Statistics Authority (2022) concluded that approximately 20 million Filipinos (18.1% of the
total population) live below the poverty threshold of 12.030 Philippine Pesos (PHP), causing them to
be unable to foresee their basic food and non-food needs. An analysis of the Philippine Statistics
Authority in 2023 showed a relationship between the labor sector and possible poverty, concluding
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that 30.6% of the fisherfolks belong to families with income below the poverty threshold (PSA,
2023b).

People in Hagonoy live in a variation of concrete, bamboo, and mixed concrete-bamboo
structures. The majority of the houses have been affected by storms and ground subsidence, with the
ground floor of houses being flooded by water (Abenir et al., 2022). Moreover, the annual typhoons in
the Philippines cost the country around 2% of the annual GDP on average, with an additional 2% of
the GDP being spent on recovery activities (Vidal, 2013). According to Luna (2007), Antilla-Hughes
and Hsiang (2013), and Abdenir et al. (2022), marginalized communities in Bulacan, the Philippines
are most affected by the natural hazards striking their local community, as their socio-economic
status restricts them from improving their resilience and hence leads to a depriving vulnerability in the
long-term.

Sanitation conditions

In the Philippines, the main sanitation system is a combination of flush toilets connected to a septic
tank (Bergkamp and Lim, 2018). To flush the toilet, water is poured into the toilet using a small
bucket, which is called the ‘tabo’ (Tan, 2011). Floods can negatively affect large and small scale
sewage treatment systems, by causing the effluent of insufficient sanitation solutions to spread over
the surrounding premises (Pedro et al.,, 2020). Consequentially, the pathogens present in the spread
excreta grow and pose health risks to the population in this area (Levy et al., 2016). Frequent flooding
in combination with insufficient sanitation systems negatively affect the population, due to the
increased spread of diarrheal diseases, cholera, typhoid fever, leptospirosis, and Hepatitis A (WHO,
2011; Levy et al,, 2016; Pruss-Ustun et al., 2019). Williams et al. carried out Focus Group Discussions
on the effects of flooding on the well-being of inhabitants of Hagonoy, in which participants
confirmed the spread of contaminated water in their neighborhood (Williams et al., 2020).

Already in 1975, the Filipino government mandated a presidential decree on sanitation,
requiring those filing for a building permit to also take sanitation into account (Pres. Decree No. 856,
1975). Moreover, in 2016 and in 2021 the Water Quality Guidelines (WQG) and General Effluent
Standards (GES) were issued, stating restrictions for effluent water parameters (DENR Adm. Order
No.2016-08, 2016; DENR Adm. Order No0.2021-19; 2021). Both the Pampanga River and the fish
ponds adjacent to Hagonoy belong to the water body class C, as determined by section 5 of the GES,
hence any (waste-)water discharged into these water bodies is required to comply with these
guidelines (Roon, 2022; DENR Adm. Order No.2016-08, 2016).

In 2019, the Department of Health (DOH) of the Filipino government stated annual targets
for improved sanitation, in an attempt to ban open defecation completely by 2025 (DOH Adm. Order
No0.2019-0054, 2019). Aligned with this vision and perceiving septic tanks as “the major component of
basic sanitation facilities and other alternative sanitation technology design” (P1), the DOH issued a
National Standard prescribing the design of septic tanks (DOH Adm. Order No.2019-0047, 2019).
However, in the same Standard they state the low groundwater tables and the absence of soil erosion
as prerequisites for the suitable application of septic tanks (DOH Adm. Order No.2019-0047, 2019).
Moreover, a septic tank is only a form of primary treatment and does not suffice to reduce the health
and environmental risks related to wastewater effluent, hence only offering a partial solution to the
sanitation problem existing in the Philippines (Baltazar et al., 2021).

Survey data from the Hagonoy Water District, the party in Hagonoy responsible for drinking-
and waste-water infrastructure, states that the only wastewater treatment system encountered in
households is the septic tank or a variation to the septic tank (19625 households), while 1055 (5.1%)
households do not have a septic tank at all (Hagonoy Water District, personal communication, June
8, 2023). The municipality of Hagonoy provided similar figures, by stating that 90% of the houses
contain a septic tank, while the other 10% directly discharges into the environment (Engineering
Office Municipality Hagonoy, personal communication, May 26, 2023).
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Appendix G - Mathematical substantiation

During the exercises, pairs of design criteria were posed to the participants. Participants had to compare
the two criteria, before picking the criterion that they perceived as most important when designing a
sanitation system. In case one of the two criteria was deemed more important, the relative importance
was scored on a 9-point Likert scale (1 being ‘equally important’, 9 being ‘extremely more important’).

Within this research, participants were asked to compare 20 criteria spread across two separate
categories, each containing 10 criteria. The assigned scores were then transformed into a Pairwise
Comparison Matrix (PCM).

Definition 1 (Pairwise Comparison Matrix):
The number of criteria to be compared in this decision problem is denoted by n. Matrix A
with size n X nis called a pairwise comparison matrix if all values a;j (i,j=1,2,3..n)

> 0 and satisfy
1 .,
ai; = { /aji L#]
ij S
1 L=j
Where a;j represents the relative importance of criterion x-
i over x; as scored by a participant

For each participant t, two PCMs (one for each category of design criteria) were constructed. Withn =
10, each PCM was sized 10x10 entries.

a1 A
Anxn)=|+i ™ i |, for participant t
t p p

An1 " Qpn

Following Definition 1, the number of unique entries in a Pairwise Comparison Matrix is specified by:

nn—1)

Unique Entries = >

Using n = 10, the number of unique entries per PCM equals 45. To derive the weights of the two
categories, each containing 10 criteria, participants hence had to fill in 90 pairwise comparisons. In
order to decrease the workload of participants, it was decided to only ask 30 comparisons per PCM
and calculate the remaining entries through the DEMATEL-method (Zhou et al., 2016).

Definition 3 (Incomplete Pairwise Comparison Matrix)
Matrix A = [aij] is an incomplete pairwise comparison matrix if a;;
€ R, U {*} such that forall1<1i,j <n,a;; € R, implies aj; = 1/al.j and a;;

= = implies aj; = *

To be able to deal with the impreciseness of the opinion of humans and the participants in particular,
the use of fuzzy numbers was introduced to AHP (Chang, 1996). The scores on the 9-point Likert-scale
assigned by the participants are related to linguistic terms describing the relative importance of one
criterion over the other (e.g. ‘equally important], ‘slightly more important’, ‘extremely more important’).
Because of the vagueness and freedom for interpretation that these terms possess, fuzzy AHP expresses
such values as elements x with membership function p(x).
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Definition 3: (Fuzzy number)
Let M € F(R),with F(R)representing all fuzzy sets and R being the set of real numbers,
be called a fuzzy number if:
1) xo € R exists such that puy(x) =1
2) Foranya€[0,1],4, =[x, ta,(x) = a] is a closed interval

The value assigned by the participant is called the ‘crisp’ value. The fuzzy element relating to this crisp
value is probably close to the crisp value itself, hence the membership function here is 1. The bigger the
difference between a fuzzy element and the crisp value, the less probable it becomes that this element
provides a good representation of the crisp value, hence decreasing the membership function (Liu et
al., 2020). A widely used membership function is the Triangular Fuzzy Number, which is known for its
relatively simple and accessible mathematical operations (Yeh, 2017).

Definition 4: (Triangular fuzzy number)
A fuzzy number M on R is called a triangular fuzzy number if its membership function py (x): R—
- [0,1] is equal to

X l
-——, x € [l,m]
I m-1

m—
i (x) = X

m—-—u m-u’
0, otherwise

u

x € [m,u]

wherel <m
< u,representing the lower, modal and upper value respectively.The triangular fuzzy number
Acan be denoted by (I, m, ).

u(x) 4

[ n; h X

Figure 1| Graphical representation of triangular fuzzy number

To transform the linguistic variables into fuzzy numbers, Table 1 as used by Kannan et al. (2013) was
used.

Linguistic varialle Fuzzy mumbiers
Extremely strong [9,5.9)
Intermediace [7.B9)
Very strong [6TA)
Intermediae [3,687)
Strang [4,5.6)
Intermediate [34.5)
Moderately strong [2,3.4)
Intermediace [1L,23)

Equally strang [LL1)

Table 1| Linguistic variables for pair-wise comparisons of each criterion
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Hence, every entrance a;; in A can be written as (a; jlowr Qijmedr @ ]up) respectively representing the
lower, modal and upper value. Consequentially, the fuzzy matrix A can be rewritten into the three
separate matrices A;ow, Ameds Aup

To obtain the missing values in an fuzzy [PCM, while restoring the consistency of the matrix, the
Decision-Making Trial and Evaluation Laboratory (DEMATEL) was implemented as proposed by
Mohamad and Zainuddin (2021).

The missing values in Ay, Amea, Ayp were replaced with 0, obtaining the direct relation matrices
denoted as Dioy, Dmeqa, Dup- The direct relation matrices were normalized using definition:

Definition 5 (Normalized direct relation matrix)
The normalized matrix Ny of direct relation matrix D), = (dij)nxn(i'j =1,2,..,n)withk

= low, med, up can be calculated through
Dk

= with k = low, med, u
max(Q" P

j=1 l] ' l 1 l])

The sub-stochastic (every row in the matrix adds up to a maximum 1) total relation matrix can be
derived using a combination of the normalization and the absorbing state of Markov chain matrices.
The normalized direct relation matrices hence were converted into total relation matrices using the
following definition, replacing the assigned Os by non-zero values:

Definition 6 (Total Relation matrix)

Assuming N, = (nif)nxn (i,j=1,2,...,n) with k

= low, med, up is the normalized direct relation matrix, the total relation matrix T is defined as
T, = ,}HE‘O(NR + N2+ + N,f) = N (I — N;)~1,where I is the nxn identity matrix

The obtained matrix T} only shows values between 0 and 1, which strokes with definition ... requiring
the multiplication of symmetric values in a matrix to equal 1. By applying the following transformation,
a complete pairwise comparison matrix M;, was obtained:

Tk [l']]
Tk [j, l]

M [i,j] = ,with (i,j = 1,2, ...,n) and k = low, med, up

Through using the abovementioned formula, the fuzzy PCMs per decisionmaker were obtained. The
aggregated score of the individual decisionmakers was determined following the Geometric Mean
method as described by Zimmer et al. (2017).

Definition 7 (Geometric Mean method)
1

q
GMk = (l—L_ atu) ,(Vi,j =12,..,n),k = low,med,up

where q is the number of experts and (aé?]‘”, a?ll;ed' am)zs the fuzzy number of the comparison

between criteriaiand j of expertt

As fuzzy numbers are hard to interpret, the aggregated matrices were defuzzified using the Centroid
method (Maheswari et al.,, 2019; Yayla et al.,, 2015; Calabrese et al, 2019).

Definition 8 (Centroid Method Triangular Fuzzy Number)
GM"™Y[i, ]+ GM™[i, j] + GMYP[i, ]

Sli,jl= 3 ,(Vi,j=1,2,..,n)
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The obtained matrix contains only crisp values, with all values nonzero.

Of the crisp complete matrices, the consistency of the judgements was determined through the use of
the Consistency Ratio (Saaty, 1977; Mohamad and Zainuddin, 2021; Sato and Tan, 2023).

Definition 9 (Consistent Pairwise Comparison Matrix)
Let A

= (aij)nxn be a filled in pairwise comparison matrix.If the following condition is satisfied
a;j = ay *ag;, Vi, j,k =1,2,3..n
then A is called a consistent pairwise comparison matrix, otherwise it is called inconsistent.

Definition 10 (Consistency Ratio)
The consistency ratio of an nxn matrix may be calculated by

CR = Cl
~RI
. _ Amax—n . . .
with CI = 1 where Ay,qy IS the largest eigenvalue of the matrix and

the Random Indices (RI) is determined from table X

N 1 2 3 4 5 6 7 8 9 10
RI 0 0 0.52 0.89 1.11 1.25 1.35 1.40 1.45 1.49

To calculate the weight vector, containing the relative weights (on a scale of 1) of the judged criteria,

the Logarithmic Least Squares Method was applied (Crawford and Williams, 1985; Gyarmati et al.,
2023).

Definition 11 (Logarithmic Least Squares Method)
Let A be an nxn PCM.The weight vector w of A determined by the LLSM is given as follows:

n n 2
. Wi
mmmz Z <ln(al~j) —In <;}>)
i=1j=1
n
where w; is the i — th element of w,0 < w; and Z w; =1
i=1

Which reduces to

n_aht
j=1%;
k=1 H?=1ak;'l
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Appendix H — Python Script
mport numpy as np

import pandas as pd

import matplotlib.pyplot as plt
from numpy import linalg

= pd.read csv(r'C:\Users\sande\ >\Documenten\TU\Thesis

omes\Data veldwerk\Python\Pairwise comparisons exercise

v' = tDIV/0!")

Age', 'Educational
stem', 'Start', 'End',

Counter N/A', 'Unnamed:

57" '"Unnamed: 58', 'Unnamed:
'"Unnamed: 60', 'Data distribution', 'Unnamed: 62'],

dfc = dfc.drop([0], =0)

dfc = dfc.iloc]:
dfc.head ()
dfc.fillna (0)

dfcnm dfcnm.to numpy ()
mask = np.ones (dfcnm.shapel[l],
mask[::3] = False

dfcnm

dfcnm.astype (

def matrixbuilder (data, criteria):
ansmatr?2 = []

for row in data:
ansmatr?.append (row)

matrices = []

for arr in ansmatr2:
matric = np.zeros((criteria,criteria))
k =
for i in (0, criteria):




for j in range(i+l, criteria):
matric[i] [jJ] = arr[k]
k +=
matrices.append (matric)

> matrix in matrices:
for i in range (0, criteria, ) g
for j in range(0, criteria,
if i == 7J:
matrix[i,]] =

for matrix in matrices:
for i in range (0, criteria, )3
for j in range(0, criteria,
if matrix[i,j] !'=
matrix([j,1] = round((l / matrix[i,j]l),

for matrix in matrices:
for i in range (0, criteria, ) -
for j in range(0, criteria,
if matrix[i,j] >
matrix[i,j] = round(matrix[i,]J])

return matrices

matrices = matrixbuilder (dfcnm,

def lowbounderybuilder (medianmatrix, criteria):
matriceslow = []
for matrix in medianmatrix:
matric = np.zeros((criteria, criteria))
k =
for i in range (0, criteria, ) .
for j in range (0, criteria, ) :
if matrix[i,j] > and matrix[i,j] <
matric[i,Jj] = matrix[i,]]
elif matrix[i,j] ==
matricl[i,j] =
elif matrix[i,j] < and matrix[i,j] > and matrix[j,1i] !'=

matric([i,Jj] = round((l / (matrix[j,i] - 1)),
elif matrix[i,]] ==
matricl[i, ]
matric([j,1]
k +=
matriceslow.append (matric)
return matriceslow

def upbounderybuilder (medianmatrix, criteria):

matricesup = []
for matrix in medianmatrix:

matric = np.zeros((criteria, criteria))

k =

for i in range (0, criteria, ) -

for j in range (0, criteria, 1):
if matrix[i,j] > and matrix[i,j] <




matric[i,Jj] = matrix[i,]] +
elif matrix[i,]] or matrix[i,J]
matric([i,Jj] = matrix[i,]]
matric[j,1] = matrix[j,1]
elif matrix[i,]] < and matrix[i,j] > and matrix[j,i]

matric[i,Jj] = round((l / (matrix[j,i] + 1)),
k +=
matricesup.append (matric)
return matricesup

matriceslow = lowbounderybuilder (matrices,
matricesup = upbounderybuilder (matrices,

def DEMATEL (callmatrix) :
matric = []
for matrix in callmatrix:
rowsum=matrix.sum (

colsum=matrix.sum ( =0)
normalizationfactor = np.max (np.maximum(rowsum, colsum) )

normalizedmatrix = matrix / normalizationfactor

A = np.subtract (np.identity(len(matrix)), normalizedmatrix)

Ainverse = np.linalg.inv (A)
Totalrelationmatrix = np.matmul (normalizedmatrix, Ainverse)

matric.append(Totalrelationmatrix)
return matric

Tlow = DEMATEL (matriceslow)
Tmed = DEMATEL (matrices)
Tup = DEMATEL (matricesup)

def completecomparison(callmatrix) :
matric = []

for matrix in callmatrix:
compmatrix = np.zeros((len(matrix), len(matrix)))

for i in range (0, len(matrix), )2
for j in range (0, len(matrix), ) 8
compmatrix[i,j] = np.sqgrt(matrix[i,]] / matrix[j,1])
matric.append (compmatrix)
return matric

complow = completecomparison (Tlow)
compmed = completecomparison (Tmed)
compup = completecomparison (Tup)

def vertexmethod (matrixlow, matrixmed, matrixup) :
matric = []
for matrixA, matrixB, matrixC in zip (matrixlow, matrixmed, matrixup) :




cleanarray = np.zeros(9)
cleanmatrix = np.zeros((len(matrixA), len (matrixA)))
trialmatrix = np.zeros((len(matrixA), len(matrixA)))
linguisticnumber np.arange (1, 0 )
for i in range (0, len(matrixA), ) 3
for j in range (0, len(matrixA), ) 3
for t in range (0, len(cleanarray), )t

cleanarray[t] = np.sqrt((1/3) * (((matrixA[i,J]

linguisticnumber[t]) **2) + ((matrixB[i,j] - linguisticnumber[t]) **
((matrixC[i,J] - linguisticnumber[t])**2)))
min = np.min(cleanarray)
cleanmatrix[i,j] = np.where(cleanarray == min) [0]
if cleanmatrix([i,j] != 1:
trialmatrix[i,J] = cleanmatrix[i, ]
trialmatrix[j,1] = / cleanmatrix[i, ]
trialmatrix[trialmatrix == 0]
matric.append(trialmatrix)
return matric

linguisticmed = vertexmethod (complow, compmed, compup)

def consistencycheck (medianmatrix, treshold) :
matric = []
count =
for matrix in medianmatrix:
eigenvalues = np.linalg.eigvals (matrix)
lambdamax = round (np.max (np.abs (eigenvalues)),
CI = ((lambdamax - len(matrix)) / (len(matrix) - 1))
RI np.array ([0, ; ; 0 0
CR = CI / RI[len(matrix)-1]
matric.append (CR)
i in range (0, len(matric)):

if matric([i] > treshold:
count +=

) +

e

print ('interviewee', i+l, 'has provided inconsistent pairwise

comparison')

print ('number of inconsistent matrices', count, 'total number
matrices', len(medianmatrix))

return matric

of

def defuzzifierperdecisionmaker (lowermatrix, medianmatrix, uppermatrix):

matric = []

for matrixA, matrixB, matrixC in zip(lowermatrix, medianmatrix,

uppermatrix) :
cleanmatrix = np.zeros((len(matrixA), len (matrixA)))
for i in range (0, len (matrixA)):
for j in range (0, len(matrixA)):
cleanmatrix[i,j] = (matrixA[i,]j] + matrixB[i,j] +
matrixC[i,Jj]) /
if cleanmatrix[i,j] <
cleanmatrix[i,J] = / cleanmatrix[]j,1i]
if cleanmatrix[i,j] >
cleanmatrix[j,1i] = 1/ cleanmatrix[i,]]
matric.append(cleanmatrix)
return matric

defuzzifiedmmatrix = defuzzifierperdecisionmaker (complow, compmed,

compup)




consistencycheck (defuzzifiedmmatrix,

ef weightvectorcalculator (singlematrix) :
combweightvector = []
for matrix in singlematrix:
A = np.prod(matrix, =1)**(1/len (matrix))
B = np.sum(A)
Weight = A/B
combweightvector.append (Weight)
return combweightvector

vectorind = weightvectorcalculator (defuzzifiedmmatrix)

def vectorcleaner (weightvectors, value) :
matic = []
= np.zeros (60)
for i in range (0, ) :
cleanmatrix = weightvectors[i] [value]
matic.append (cleanmatrix)
return matic

cleanvector = vectorcleaner (vectorind,
cleanvector

def fuzzygeometricmean (matrixcollection):
matric = []
= np.zeros ((len(matrixcollection[0]),
len (matrixcollection[0])))
matrixcollection = np.array(matrixcollection)
for i,J in np.ndindex (np.shape (matrixcollection) [1:]) :
matric.append (matrixcollection[:,1i,]])
A = np.stack(matric)
B = np.prod (A, =1)** (1/np.shape (A) [1])
aggregatedmatrix = np.reshape (B, np.shape (matrixcollection) [1:])
return aggregatedmatrix

agglow = fuzzygeometricmean (complow)
aggmed = fuzzygeometricmean (compmed)
aggup = fuzzygeometricmean (compup)

def defuzzifieragg(lowermatrix, medianmatrix, uppermatrix):
aggmatrix = np.zeros((len(lowermatrix), len(lowermatrix)))
for i in range (0, len(lowermatrix)) :
for j in range (0, len(lowermatrix)) :
aggmatrix[i,J] = (lowermatrix[i,J] + medianmatrix[i,j] +
uppermatrix[i,3]) /
if aggmatrix([i,j] <
aggmatrix[i,J] = / aggmatrix[j, 1]
if aggmatrix([i,Jj] >
aggmatrix[j,1] = 1/ aggmatrix[i,]j]

return aggmatrix




defuzzifiedmmatrix = defuzzifieragg(agglow, aggmed, aggup)
print (defuzzifiedmmatrix)
def consistencychecksingle (aggdefuzmatrix, treshold):
eigenvalues = np.linalg.eigvals (aggdefuzmatrix)
lambdamax = round (np.max (np.abs (eigenvalues)), )
CI = ((lambdamax - len (aggdefuzmatrix)) / (len(aggdefuzmatrix)
RI = np.array ([0, O, ’ ’ ’ ’ ' ' ’
CR = CI / RI[len(aggdefuzmatrix)-1]
print (CR)
if CR > treshold:
print ('aggregation has provided inconsistent pairwise comparison')

consistencychecksingle (defuzzifiedmmatrix,

def weightvectorcalculator (singlematrix) :
A = np.prod(singlematrix, =1)**(1/len(singlematrix))
B = np.sum(A)
Weight = A/B
return Weight

vector = weightvectorcalculator (defuzzifiedmmatrix)
print (vector)

def weightvectorcalculator (singlematrix) :
.prod(singlematrix, =1)**(1/len(singlematrix))
B = np.sum(A)
Weight = A/B
return Weight

vector = weightvectorcalculator (defuzzifiedmmatrix)
print (vector)

vectorind
criteriasocial = np.array(['Centralization', 'Community Health', 'Cultural
Alignment', 'Ease of Use',

'"Environmental Friendly', 'Expertise Required',
'Job Opportunities', 'Nuisance', 'Policy Alignment', 'Aesthetics'])
criteriatechnical = np.array(['Capital Expenditure', 'Geographical
Suitability', 'Local Construction Resources', Operational Expenditure',

ilience', Resource Re ery Potential',
'Robustness', 'Safe Pr« ¢t Disposa System

Performance'])

def biggestvaluemeasure (vectorcollection, criteria):
counter = np.zeros(len(criteria))
for array in vectorcollection:
result = np.where (array == np.amax (array))
if result[0] ==
print (array)

for i in range (0, len(counter)):
if result[0]
counter[i] +=




q
("criteria',
counter([j],

(criteria)) :
criterialjl,

criterion by', 'intervi

c >stvalue
intcounter =
counter = np.zeros( (criteria))
for array in vectorcollection:

intcounter +=
result = np.where(array ==

for i1 in (0, (
if (result|
("matrix

sure (vectorcollection, criteria) :

np.amin (array))
counter)) :

] .shape) [0] >

f interviewee', intcounter,

little int out minimum')
e <
elif result[0]

counter [1i]

rariance

(0,
("criteria',
, counter[j],

(criteria)) :

'"interviewees')

smallestvaluemeasure (vectorind, criteriatechnical)

criterial[j], 'is app as the

'contains too

least important
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Design session

EXPERTS

Introduction

End-user involved design process for sanitation systems in flood-prone areas

Involving inhabitants in the design process

Academic focus: additional value of involving end-users

Practical focus: improved sanitation design

13-12-2023

Agenda

Introduction
Explanation Phase 1
Explanation Phase 2

Exercise

Phase | — Pairwise Comparison

Interviews with 60 inhabitants, 7 experts

[Rank [ criteria___|
Community Health

Policy Alignment

Expertise Required
Environmental Friendly

Ease of Use

Centralization

Nuisance

Aesthetics

© ®w N w s W N e

Job Opportunities.
10 Cultural Alignment

[Rank __|criteria ___|

© ®w N u s W N e

Safe Product Disposal
Resilience

Geographical Suitability
System Performance
Robustness

Resource Recovery Potential
Operational Expenditure
Resource Use

Local Construction Resources
Capital Expenditure
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Phase 2 — Design sessions

Purpose: filling in design requirements

Focus on discussions

Questions?

All answers provided remain confidential and completely anonymous

Start of the exercise What is a sanitation system?
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Resilience

What is the purpose of sanitation
systems?

What do you perceive as the biggest threat to a functioning sanitation/toilet system?

Earthquake
Land Subsidence
Flooding

Temperature Rise

The current problem

Bad sanitation can lead to: e
° Contamination of groundwater il
o Spread of diseases (diarrhoea, typhoid)

> Degradation of open water bodies s
> Degradation of fishponds B

Centralization

Where do you place the sanitation system?

Decentralization

Centralization

o

Neighborhood Served




Roles and Expertise Required

le

FLANNINGIDES iGN HASE

X

consTRUCTION FHASE AT PTG

o

asnme

Hagonoy Water District

Hagonoy Municipality

Barangay

Contractor

Household

13-12-2023

Materials

What material would you preferably use for a sanitation system? Why?

Take risks into account

Floading Temperature Rise Earthauake Ground Subsidénce
y
’ v E
-
~——— i 2]

Robustness

Replacement frequency

Maintenance frequency

What is the targeted frequency of replacement, maintenance and cleaning?

Cleaning frequency

Daily
Weekly
Monthly
Yearly

5 Years
15 Years

25 Years

Capital Expenditure

What should be the maximum initial costs per household of a sanitation system?
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Cultural Alignment

What is the favoured position for the toilet?

Cultural Alignment

What is the favoured way of flushing?

O ®

Cultural Alignment

What is the favoured anal cleansing method?

=

Resource Use

How much water can be used?

How much energy can be used?

How much of other resources can be used (coconut fibers, ash, sawdust)?

= 4D <

0




Operational Expenditure

13-12-2023

What amount are people willing to pay on a monthly basis for wastewater treatment?

Resource Recovery Potential

Are you willing to reuse materials recovered from wastewater treatment?

o) b )

S =Nes

Thank you for your attendance!

SPECIAL THANKS TO:

fuDelft | Global Initiative

Science for the banefit of people. All people: Worldwide.

How to proceed from here




Possible Solutions

50% solids, 30-40%BOD, 1-log Ecoli removal

— et HRT 48 hrs

1t chamber >0.67L (2chambers), >0.5L (>2chambers)

Sludge removal required
No discharge of harsh chemicals allowed
Cantains high level of pathogens

+ Simple and robust technology - Low reduction in pathogens, solids and organics

+ No electrical energy is required - Regular desludging must bo ensured

+ Low operating costs - Effluent and siudge require further tragment and/or
+ Long service life appropriate discharge

+ Small land area required (can be built underground)

Possible Solutions

HRT 15 days (highly pathogenic >60 days)
Operated at 30-38 C (mesophilic temperature)
Size 1000L (household) — 100.000L (public toilet)
Greywater should not be added (increases HRT)
For gas production, additional manure needed

+ Generation of renewable energy - Requires expert design and skilled construction

+ Small land area required (most of the structure can - Incomplete pathogen removal, the digestate might
be built undarground) require further troatmant

+ No electrical energy required - Limited gas production below 15 °C

+ Conservation of nutrients
+ Long service life
+ Low operating costs

13-12-2023

Possible Solutions

Inflow 2 to 200m3 per day

90% BOD removal

HRT 48-72 hrs

Upflow velocity <0.6 m/h

Upflow chambers 3 -6

Requires ventilation for harmful gases
Sludge removal required

+ Resistant to organic and hydraulic shock loads - Requires expert dasign and construction

+ No electrical energy Is required - Low reduction of pathogens and nutrients

+ Low operating costs - Effluent and siudge require further treatmant and/or
+ Long service life appropriate discharge

+ High reduction of BOD

+ Low sludge production; the sludge is stabilized

+ Moderate area requirement (can be built under-
ground)

Possible Solutions

Can be constructed with local materials

Alternative for areas not accessible to trucks

Alternative for informal settlements

Workers should wear protection

Addition of chemicals to reduce odours not recommended

+ Potential for local job creation and income genera-
tion

- Spills can happen which could pose potential health

» i risks and generate offensive smells

+ Simple hand pumps can bo built and repaired with - Time consuming: emptying pits out can take several
locally availsble matrils hours/ days depending on their size

+ Low capital costs; variable operating costs depend- - Garbage in pits may block pipo
ing on transport distance - Some devi red

+ Provides services to aras/ communities without i
SEWErS
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Possible Solutions Possible Solutions

Storage capacity 3-12 m3 (vacuum truck)
Modidfied pick-ups /trailers capacity 0.5 - 1.5 m3
Capital costs are too high for small-scale vehicles

Design must prevent leaching and/or surface water infiltration
Solution in case of no alternative discharge points for sludge
Depending on maintenance, odours can become problem

~ @
- Cannot pump thick, dried shudge (must be thinned
with water of manually removed)
- Garhage in pits may block hose
+ Makes siudge transport 1o the treatment plant more - Requires expert design and construction - Cannot completoly empty deep pits due to limited
efficient, especially where small-scale service provid- - Can lead to odours if not proparly maintained + Fast, hygienic and generally effective siudge removal suction Bt

ers with slow vehicles are involved

+ May reduce the illegal dumping of faecal siudge

+ Costs can be offset with access permits

+ Potential for local job creation and income genera-
tion

+ Efficient transport possible with large vacuum trucks

+ Potential for local job creation and income genera-
tion

+ Provides an essential service to unsewered areas

Very high capital costs; variable operating costs
depending on use and maintenance
Hiring a vacuum truck may be unatfordabie for poor
houssholds

= Not all parts and materials may be locally available
- May have difficulties with access

Possible Solutions

Routed in access ways or under sidewalks (no heavy loads)
Minimum peak flow 1.5 L/s

Minimum sewer diameter 100mm

Gradient >0.5 %

PVC or HDPE pipes

Cover of 40-65 cm under sidewalks

Installation of grease traps recommended (greywater)
Considered when >150Pers/hect and 60L/pers/day

+ Can be laid at a shallower depih and fiatier gradient - Requires repairs and removals of blockages more
than Comventional Sawers frequently than a Comventional Gravity Sewer

+ Lower capital costs than Conventional Sewers: low - Requires expert design and construction
aperating costs - Leakages pose a risk of wasewaler exfiltration and

+ Can be extended as a community grows % L A
+ Cywiats cari T Sy groundwater infiltration and are difficult to identify

+ Doss not require onsite primary treatment units

Possible Solutions

Final treatment step (polishing)

Depth 0.5-1.5m

In combination with algae / fish harvesting:
high removal nitrogen and phosphorus

AE ponds in series provide pathogen removal
Pre-treatment to prevent solids

Liner to prevent leaching to groundwater
Berm to prevent run-off / erosion

+ Resistant to organic and hydraulic shock loads - Requires 3 largo land area
+ High reduction of solids, BOD and pathogens - High capital costs depending on the price of land
+ High nutrient removal if combined Re

’ - Requi rt design and construction
+ Low operating costs

+ No electrical energy is required
+ No real problems with insects or odours if designed
and maintained correctly




Possible Solutions

o e e et

e

gens

+ Doas not have the mosquito problems of the
Free-Water Surfaca Constructed Wetiand

+ No eloctrical energy is required

+ Low operating costs

Surface area of 5-10m2 per PE

Inlet cascade to support oxygen dependent process
(BOD reduction and nitrification)

Impermeable liner at bottom to prevent leaching
Evenly sized gravel 3-32 mm diameter, free of fines
Bed depth 0.5-1m

Water level 5 - 15cm below surface

Native plants with wide deep roots (reed)

Filter material replaced every 10-15 years

+ High raduction of BOD, suspandsd sofids and patho- = Ruquirs.a larga \and trae

- Little nutrient removal

- Risk of clogging, depending on pre- and primary
traatmant

- Long startup tima to work at full capacity

- Requires expert design and construction

Possible Solutions

tion

materials

+ Potential for local job creation and income genara-

+ Relatively low capital costs; operating costs should
be offsat by production revenue
+ Can be built and maintained with locally available

Under ideal circumstances 10.000 kg/ha fish harvested
Living conditions: low ammonium, required water temp
BOD influent < 1 g/m2/d

‘1 - - ? . Oxygen >4 mg/L
Fishes to be used: carp, milkfish, tilapia
# Advised to move fish for several weeks before harvesting
+ Can provide a cheap, locally available protein source - Requires abundance of fresh water

- Requires a large land (pond) area

- May require expert design and installation

- Fish may pose a health risk if improperly prepared or
cooked

- Social acceptance may be low in some aras

13-12-2023

Possible Solutions

+ May income C L
and productivity of plants)

+ Low risk of pathogen transmission
+ Low costs

yield

+ Reduces dependence on costly chemical fertilzers

Urine stored > 6months is applicable in agriculture
Urine virtually free of pathogens

Not applied directly (high pH)
1m2 of cropland can receive 1.5L of urine per grow season
Urine PE suffices to fertilize 300-400 m2 cropland

Social acceptance might be difficult

Regular cleaning equipment is required

- Uring is heavy and difficult 1o transport

- Smeil may be offensive

- Labour intensive

- Risk of soil salinization if the soil is prona ta the

accumutation of saits

- Social acceptance may be low in some areas

ot
MPN/100mL 10E7 - 50E8
mg/L 413-45
mg/L 01-27
Phosphate mg/L 37-8

Gil and Grease mg/L 20-60
Surfactants (MBAS) mg/L

Sulfate mg/L

400!
n
14
n

5

15
550

50




Appendix J — Design Variables Substantiation

Variable Range Unit Source Picked | Unit Remarks
Water used per 1-3 | L/flush Cairncross and Feachem (1993)
flush 1-2 | L/flush Neethling et al. (2020)
1 | L/flush

Suspended Solids 0.42 | [-]
per COD ratio

0.42 | [-]
Methane 0.35 | m* CH4/ Van Lier et al. (2023)
production per kegCOD
COD ratio

0.35 | m* CH4/ kgCOD

Blackwater
Variable Range Unit Source Picked | Unit Remarks
Defecation 0.74-1.97 | per day Rose et al. (2015) Range of 39 studies
frequency
1.1 | per day Median

Wet weight feces | 75-520 | g/cap/day | Rose et al. (2015) Range of 17 studies

250 | g/cap/day Median
Density feces \

1.06
Anal cleansing 0.35-3 | L/flush Cairncross and Feachem (1993)
water

0.35 | L/flush
Phosphorus in 0.35 | g/cap/day Vinneras et al. (2006)
feces 0.5 | g/cap/day Czemiel (2000)

0.5 | g/cap/day Vinneras (2002)
0.5 | g/cap/day Meinzinger and Oldenburg (2009)
0.5 | g/cap/day

167



Variable Range Unit Source Picked | Unit Remarks
COD in feces 36-55 | g/cap/day Kujawa-Roeleveld and Zeeman (2006)
50 | g/cap/day Choi et al. (2004)
96 | g/cap/day Meinzinger and Oldenburg (2009)
52 | g/cap/day
Ammonia in feces | 0.051-0.102 | g/cap/day ‘ Silvester et al. (1998)
0.102 | g/cap/day
Urination 8 | Urinations/day | Clare et al. (2009) 17 studie subjects
frequency
8 | Urinations/day
Volume urine | 0.6-2.6 | L/cap/day | Rose et al. (2015) Range of 14 studies
1.4 | L/cap/day Median
Phosphorus in 800-2500 | mg/L Wignarajah et al. (2003)
urine 1800 | mg/L Ban and Dave (2004)
1400 | mg/L
COD in urine 6270-10600 | mg/L Putnam (1971)
17500 | mg/L Almeida et al. (1997)
11000 | mg/L
Total Nitrogen in 2-35 | g/cap/day Van de Walle et al. (2023) Range of 8 studies
urine
11 | g/cap/day Median
Ammonia in urine 300 | mg/L Tilley et al. (2008a)
480 | mg/L Tilley et al. (2008b)
400 | mg/L
Nitrateinurine |  1.07-2.06 | mmol/day | Silvester et al. (1998)
2.06 | mmol/day High protein meal
Urea per Total 75-90 | % Lentner (1981)
Nitrogen
90 | %
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Greywater

Variable Range Unit Source Picked Unit Remarks
Volume greywater 72-225 | L/cap/day Morel and Diener (2006)
150 | L/cap/day
Phosphorus in 0.9-11 | mg/L Van de Walle et al. (2023)
greywater
5.5 | mg/L Mean
COD in greywater | 92-682 | mg/L | Van de Walle et al. (2023)
394 | mg/L Mean
Total Nitrogen in 8-11 | mg/L Van de Walle et al. (2023)
greywater
9.7 | mg/L Mean
Septic Tank
Variable Range | Unit Source Picked Unit Remarks
Scum 30-40 | % of sludge Adm Order 2019-0047 (2019)
Accumulation accumulation
35 | %
Phosphorus 33-40 | % Rahman et al. (1998)
removal
20 | %
COD removal | 53-54 | % | Rahman et al. (1998)
TN removal | 21-25 | % | Costa et al. (2002)
20 | %
Nitrate removal | 20-40 | % | Rahman et al. (1998)
20 | %
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Anaerobic Biodigester

Variable Range Unit Source Picked Unit Remarks
HRT 8-100 | Days Wang (2014)
20 | Days Ruffino et al. (2019)
23 | Days Pera et al. (2022)
20 | Days
Biodegradability 0.5 | % Kumar et al. (2010)
COD 0.51 | % How et al. (2019)
0.57 | % Campo et al. (2020)
50 | %
Sludge Yield 0.11-0.15 | mgVSS / Novak et al. (2007)
mgCOD
0.16 | mgVSS / Chon et al. (2011)
mgCOD
0.19-0.26 | gMLSS/ gCOD | Kong et al. (2021)
10 | %
Treatment 84 | % Campo et al. (2020)
Efficiency 75-95 | % Lettinga et al. (1993)
90 | % Mahendra and Patil (2013)
92-97 | % Lou et al. (2012)
70-80 | % Barros et al. (2008)
80 | %
Solids 2.5 | gISS/L Mori et al. (2006)
Concentration 10 | gCOD/L Barakwan et al. (2019)
Sludge 3.74-5.71 | gCOD/L Ferreiro and Soto (2003)
5 | kgCOD/m?
Total Nitrogen 31 | % | Barros et al. (2008)
20 | %
Ammonia 22 ’ % \ Barros et al. (2008)
20 | %
Phosphorus 35 | % | Barros et al. (2008)
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20 |

Anaerobic Filter

Variable Range Unit Source Picked Unit Remarks
Specific Surface of 90-300 | m*/m’ Gutterer et al. (2009)
Filter Medium 100 | m*/m? Young (1991)
100 m?’/m?
Voids filtler mass | 30-45 | % | Gutterer et al. (2009)
35 %
TN 232 | % Merino-Solis et al. (2015)
<15| % Tilley et al. (2014)
20 %
TP | 354 | | M Merino-Solis et al. (2015)
20 %
Ammonia removal | <10 | % | De Oliveira Cruz et al. (2019)
20 %
Slow Sand Filter
Variable Range Unit Source Picked Unit Remarks
D10 Picked sand 0.15 | mm Jenkins et al. (2011)
0.11 | mm Romero et al. (2020)
0.15-0.20 | mm Freitas et al. (2022)
0.15-0.30 | mm Guchi (2015)
0.45 | mm Leverenz et al. (2009)
0.2 mm
Porosity | 0.45 | [] | Jenkins et al. (2011)
0.45 [-]
Darcy Flow 0.1-0.4 | m/h Verma et al. (2017)
0.01-0.41 | m/h Jenkins et al. (2011)
0.1 m/h
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Variable Range Unit Source Picked Unit Remarks
Skimming layer 5| cm Guchi (2015)
thickness 2-5 | cm Trikannad et al. (2023)
o | cm
Skimming 0.5 | per year Trikannad et al. (2023)
frequency
0.5 | per year
COD removal 90 | % Verma et al. (2017)
77 | % Tyagi et al. (2009)
80 | %
Phosphorus 249 | % Hang (2023)
removal 141 % Zhang et al. (2019)
20 | %
Nitrate 30-53 | % Romero et al. (2020)
45-67.5 | % Verma et al. (2017)
20 | %
TN 21.7 | % | Hang (2023)
20 | %
Horizontal SubSurface Flow
Variable Range Unit Source Picked Unit Remarks
Water depth 0.27-0.5 | m Garcia et al. (2005)
0.3-0.6 | m Reed et al. (1995)
0.2 | m Albuquerque et al. (2009)
0.6 m
Root penetration of 0.5-0.6 | [-] Reed et al. (1995)
filter bed 0.5-0.6 | [-]
0.6 [-]
Porosity 40 | % Garcia et al. (2005)
40 | % Albuquerque et al. (2009)
40 %
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First Order Rate 2.73 | cm/d Reed et al. (1995)
constant P removal
2.73 cm/d
Anaerobic Baffled Reactor
Variable Range Unit Source Picked Unit Remarks
Upflow velocity 2 | m/h Yulistyorini et al. (2022)
1| m/h Gutterer et al. (2009)
1 | m/h
Phosphorus 51-538 | % Saif et al. (2021)
removal
20 | %
TP 211 % Yulistyorini et al. (2022)
43 | % Yulistyorini et al. (2020)
33| % Zha et al. (2019)
20 | %
TN removal 28-31 | % Saif et al. (2021)
72 | % Yulistyorini et al. (2020)
29 | % Zha et al. (2019)
20 | %
Ammonia removal 43 | % Yulistyorini et al. (2022)
141 % Zha et al. (2019)
20 | %
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Appendix K — Technical Drawings Sanitation Design

BW - peak factor volume

(GW - peak factor concentrations
GW - peak factor volume

PE

Dypass greywater

Mverage Temperature

time of most wastewater flow
55/ cod

CH4/COD

Produced effluent variables
Flush water

[NH3 / Total N greywater
NO3 / Total N greywater

Overall Design parameters

[Description Unit Reference
Water used per flush 1.00

BW - peak factor concentrations 1.50

1.00 [=1 is more concentrated]
1.50
1.00 [>1 is more concentrated]
persons
50%
22 00Celcius
10.00h
04Zratic
0.35m3CH4/kgCOD

1.00L/flush
50%
40%a
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Septic Tank (5 persons)

1,40
1.20

&

1.36

0.58

1.94

r 3

¥

IDesign variables

Description Value Unit Remarks
Desludging frequency Syears
Beum accurnulation 35% between 30-40%
Free board 0.2m
IMin depth 1.2m
First compartment T0% of total volume
Nidth to Length ratio 06
Removal nutrients 20%
Bafety Factor Volume 20%
[Design output
IDescription Value Unit
'olume 3.15m3
Depth 1.40m
lArea 2.25m2
Length 1.94m
Nidth 1.16m
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Anaerobic Biodigester (5 persons)

[Design variables

IDescription Value Unit Remarks

HRT 20days

Biodegradability COD 50%

Bludge Yield 10%

Treatment Efficiency 80%

Bolids Concentration Sludge 500kgCOD/m3

Mutrient remowal 20%

Bafety factor 20%

Reactor height 2.00m

[Width to Length ratio 0.60

“ Design output
Description Value Unit
Bludge production 0.03kgCOD/day
Biogas production 0.09m3CH4/dag
L . /olume (including safety factor) 10.33m3
T 2.00 Surface 5.17m2
Length 293m
Width 1.76m
g SRT 4 B7yvears
¥

293

&
L J
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Anaerobic Filter (5 persons)

1.50

1.20

2.50

IDesign variables
[Description Value Unit Remarks
epecific surface of filter medium 100.00mz2/m3 80-120
oids in filter mass 35% 35-45
Hepth of filter tank 2.50m
Epace below perforated slabs 0.60m
rater level on top of filter 0.40m
Length tank 1.00m
[Width tank 1.00m
number of filter tanks in serie 1.00nc
Bafety factor 20%
MNutrient removal 20%
Design output
Description Value Unit Remarks
olume filterbed 1.50m3
Porous volume filterbed 0.53m3
HRT filterbed 29.26hours 24-48
org load on filter volume cod 831.00kg/(m3*d)
Iax upflow velocity 0.12m/h
olume reactor
[Total depth 2.50m3
Total width 1.00m
[Total length (incl safety) 1.20m
[Total volume (incl safety) 3.00m3
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Slow Sand Filter (5 persons)

0.40

0.50

1.00

0.30

0.20

2.00

Design variables

Description Value Unit Remarks

Porosity 0.45

D10 value sand 2.00E-04m

Darcy flow (HLR) 0.10m/h

[nitial sand bed height 1.00m

Iinimum sand bed height 0.60m

Bkimming layer thickness 5.00cm

Blkimming frequency 0.50per year

Desired width 1.00m

ICOD removal 80%

MNutrient removal 20%

Bafety factor 20%
[Design output
(Description Value Unit
Sand volume (end of lifetime) 0.20m3
HRT (end of lifetime) 2 T0hours
[ ears of operation 16.00vears
Reactor height 2.00m
Reactor width 1.00m
Reactor Length 0.40m

/olume (incl safety) 0.81m3
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Design variables
Description Value Unit Remarks
Horizontal Subsurface Flow Filter (5 persons) Root penetration of filter bed 50%

Depth bed 0.60m

Porosity 40%

First order rate constant P removal 2.73cm/d

[W/L ratio 0.60

Mo parallel beds 3.00

Bafety factor 20%
Design output
Description Value  Unit
HRT (excl safety factor) 16.38days
Total Width 9.95m
|ength incl safety factor 6.63m
Total surface area 65.98m2

Io.ao

6.63
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Anaerobic Baffled Reactor (20 persons)
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Design variables
Description Value Unit Remarks
BOD/COD ratio 0.50ratio
Hesludging interval 60.00months
HRT settler 2.50h
ridth 1.00m
Hesired width baffle 0.00m
max upflow 1.00m./h
rumber upflow chambers 4.00 between 3 and 6 chambers
height settler and baffle
height outlet 1.00m assumed to be the same
ridth downflow shaft 0.00m
between 50 and 60% of
ength/depth ratie 0.50 height
Safety factor 20%
Mutrient removal 20%
IDesign output
Description Value  Unit Remarks
Length 408m
Width 1.00m
A 4 Height 120m
0.20 | folume 489m3
L 4 HET 26.1Thours 24-48
* biogas 0.68m3/day
1.20
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Anaerobic Filter (20 persons)
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Design variables
Description Value Unit Remarks
Epecific surface of filter medium 100.00m2/m3
oids in filter mass 35%
depth of filter tank 2.50m
space below perforated slabs 0.60m
rater level on top of filter 0.40m
L ength tank 2.50m
Nidth tank 1.50m
umber of filter tanks in serie 1.00no
Safety factor 20%
MNutrient removal 20%
[Design output
[Description Value Unit
Jolume filterbed 563m3
Porous volume filterbed 1.9Tm3
HRT filterbed 27 43hours
brg load on filter volume cod 154 49kg/(m3*d)
max upflow velocity 0.13m/h
Jolume reactor
[Total depth 250m3
[Total width 150m
[Total length (incl safety) 3.00m
[Total volume (incl safety} 11.25m3
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Design variables
. . Description Value Unit Remarks
Horizontal Subsurface Flow Filter (20 persons) Root penetration of lter bed 50%
Depth bed 0.60m
Porosity 40%
First order rate constant P removal 2.73cm/d
[W/L ratio 0.60
Mo parallel beds 3.00
Bafety factor 20%
IDesign output
IDescription Value Unit
HRT (excl safety factor) 16.09days
[Total Width 19.72m
LLength incl safety factor 13.15m
[Total surface area 250.20m2

13.15

S Io.so
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Fishpond
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