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Abstract

To better leverage opportunities arising out of sustainable and inclusive management of sanitation
services there is a need for robust and comprehensive evidence of the wide ranging benefits that
sanitation can deliver. The Sustainable Development Goals (SDGs) provide a comprehensive
framework for sustainable development broken down into 169 interconnected Targets which are
articulated under 17 Goals. Based on a methodology developed at University College London (UCL),
this study identifies linkages between sanitation and the 169 Targets corroborated by published
evidence. We show that there are synergies between sanitation and all 17 Goals and 130 (77%) of the
Targets, and trade-offs for 28 (17%) of the Targets. We identified 83 Targets (49%) that call for action
in the sanitation sector. The results demonstrate the far-reaching benefits that can be unlocked from
investment in sanitation, which extend beyond health and spread across sectors. The evidence base
for the 17 goals establishes links that can inform cross-sectoral action, collaborations and investment
across governance levels for integrated sanitation solutions. The research provides different
stakeholders with aframework that can be applied to context specific cases and projects. We propose
a range of recommendations to policy-makers, practitioners, and researchers who seek to take this
study furtherto help achieve the SDGs.

Introduction

In September 2015, the United Nations adopted the 2030 Agenda for Sustainable Development.
Comprised of 17 Sustainable Development Goals (SDGs) and 169 Targets, the Agenda proposes a
comprehensive global plan of action for ‘people, planet and prosperity’. SDG6 aims to “ensure
availability and sustainable management of water and sanitation for all” by 2030 (United Nations,
2015, p. 18). It builds onthe largely unmet water and sanitation target of the Millennium Development
Goals (MDGs) on environmental sustainability as the way MDG targets failed to support a systemic
approach towards sanitation that considered the sanitation chain in its entirety. In 2017, 55% of the
world’s population still lacked access to safely managed sanitation, including an estimated 2 billion
who did not have basic access (UNICEF and WHO, 2019). The severe implications of poor sanitation
on morbidity rates, health care costs and productivity losses and inadequate sanitation is estimated
to cost the global economy USD 260 billion peryear (WHO, 2012). Our research calls for particular
attention to the sanitation dimension of SDG6 and demonstrates that major gains are possible for all
goals if universal access to adequate and equitable sanitation is achieved.

We argue that the SDGs provide a framework to identify priority areas of investment to maximise
impact. An increasing number of studies have adopted such an approach and identified priorities for
integrated policies from the analysis of relationships between allSDGs (see for example Nilsson etal,
2016; Pradhan et al., 2017; Dawes, 2020). At sectoral level, assessments have been carried out for
links between the SDGs and marine ecology and management (Singh et al., 2018), energy systems
(Castoret al., 2020; Fuso Nerini etal., 2018; McCollum et al., 2018), climate action (Fuso Nerini etal.,
2019) and ecosystems (Maes etal., 2019). In addition, recent studies have explored linkages between
the SDGs and infrastructure systems (Thacker et al., 2019), the SDGs and water (Bernhardt, 2015;
Mara and Evans, 2018; UN Water, 2016), as well as the water-food-energy nexus among the SDGs
(Fader et al., 2018). Yet, linkages between sanitation and the SDGs and their potential contributions
to public health, the economy and the environment remain under-studied and require evidence-
building for practical action.

The Sustainable Sanitation Alliance (SuSanA), aninformal network of 11,000 individual members and
353 partner organisations working towards sustainable sanitation solutions, explored linkages



between sanitation and SDGs to maximise opportunities to improve access to sanitation (SuSanA,
2017). The network highlighted the relevance of sustainable sanitation to meeting the 2030 Agenda
by presenting links betweensustainable sanitation and allthe SDG s and seeks to encourage sanitation
sector professionals to take action and strive for intersectoral cooperation (SuSanA, 2017). Building
on the work of SuSanA, this study adds value by presenting a novel and replicable evidence-based
methodology that enables a systematic exploration of linkages, disaggregated by actions, synergies
and trade-offs, between sanitation systems and the 169 Targets. Revealing these linkages not only
highlights the importance of sanitation to other SDGs but can further provide valuable insights into
the potential and scope for synergistic efforts towards the 2030 Agenda. The expandable evidence
base provided offers a starting point to enhance existing knowledge and demonstrates the value of
incorporating sanitation into innovative and integrated approaches and investments.

The aims of this study are twofold: a) to provide a replicable methodology that establishes linkages
with the comprehensive 2030 Agenda and can be applied in specific contexts to demonstrate the
wide-ranging benefits of sanitation that extend across sectors and beyond health; b) to establish an
evidence base of published material to be further expanded as part of efforts to strategically meet the
SDGs. Overall, this paper argues that sanitation plays a crucial role in the achievement of the 2030
Agendaand willbe key to developing policies and programmesthat support sustainable development.

Methods

A research team from diverse disciplines spanning engineering, urban design and planning, health,
social science, political economy, policy and law, worked together from the outset to develop an
interdisciplinary approach for knowledge co-production. This approach enables the analysis of
complex, interconnected global challenges, providing evidence to support the development of
integrated interventions that transcend disciplinary boundaries to develop appropriate approaches
and solutions.

The research presented in this paper is based on a definition of safe, inclusive and sustainable
sanitation presentedin Box 1 which builds upon two concepts. First, SDG Target 6.2, which by 2030
aims to “achieve access to adequate and equitable sanitation and hygiene for all and end open
defecation, payingspecial attentionto the needs of women and girls and those in vulnerable situation”.
Second, the sanitation service delivery ladder established by the Joint Monitoring Programme (JMP),
which emphasises 'safely-managed’ sanitation and considers the entire sanitation chain (i.e. capture,
containment, emptying, transport, treatment and reuse/ disposal) (seealso Sachs et al., 2019; SuSanA,
2008; World Health Organization, 2018) to ensure zero detrimentto the environment.

Based on a review of existing definitions and discussions, the team noted the need to pay particular
attention to the diverse needs of sanitation users, including disadvantaged and vulnerable groups(e.g.
persons with disabilities), and the importance of menstrual hygiene and baby wash in the provision of
sanitation services, which tend to receive less attention (Gibson et al., 2019; MacRae et al., 2019;
Ngure etal., 2014). In resource challenged settings, capacity building of local communities is essential
in the provision of sustainable and inclusive sanitation solutions requiring an understanding of
contextual socio-cultural factors (McGranahan and Mitlin, 2016). This study is based on the
assumption that only safely managed sustainable sanitation systems are implemented in order to
capture the far-reaching benefits that sanitation can deliver and set standardsfor futureinfrastructure
projects and associated policies.



Achieve access to adequate, equitable and dignified sanitation and hygiene for all, paying
attentionto:

- Safely managed facilities and services for handling and disposal of human urine and
faeces alongthe sanitation chain

- Social diversity and inclusivity (including gender, age, disability, religion)

- Capacity-building of local communities

- Menstrualhygiene and baby wash

- Ending opendefecation

Box 1: Working definition used for sanitation to ‘achieve adequate and equitable sanitation and hygiene for all’

In this study, the team adapted the in-house methodology developed at University College London
(UCL) (Fuso Nerini et al., 2018) for the sanitation sector. Using this structured process, the authors
reviewed published evidence to identify linkages between sanitation, as defined above (Box 1), and
all the Targets of the 2030 Agenda. The methodology followed a three step-process foreach Target,
which involved the following questions (see Figure 1 and Box 2):

A. Does the Target call for action in relation to sanitation i.e. is an action required in the
sanitation sector?

B. Is there published evidence of synergies between the pursuit of the Target and achieving
access to adequate, equitable and dignified sanitation and hygiene for all?

C. Is there published evidence of trade-offs between the pursuit of the Target and achieving
access to adequate, equitable and dignified sanitation and hygiene forall?

Using a structured process, the identification of linkages, i.e. call for action, synergies and trade-offs,
was initially carried out through a blended approach whereby interdisciplinary pairs used their
expertise and knowledge complemented by targetedliterature searches to create aninterdisciplinary
evidence base. Following the method of Fuso Neriniet al. (2018), the authors considered at least one
piece of published evidence perTargetas verification of a synergy or a trade-off. The aim was to test
the structured process and the application and replicability of the methodology to demonstrate the
importance of sanitation in achieving the 2030 Agenda. InStep A, the authors explored and identified
a linkage between sanitation and a Target to assess how improvements in sanitation would affect the
Target in question. For Steps Band C, the team looked at reciprocal synergies and trade-offs between
sanitation and all SDG targets. In all three steps, the published evidence considered was limited to
academic studies and grey literature (e.g. UN reports) published in English. Sources used spanned
urban planning, engineering, environment, health, social sciences and policy. The mapping identified
existing evidence to indicate the types of synergies and trade-offs that have occurred in different
contexts. Box 2 provides an illustrative example of how the methodology was applied for SDG 11.1.

In total, the team scanned over 500 publications. The results are presented in Appendix 1, which
references 233 publications to support the identified calls for action, synergies and trade-offs for all
169 Targets. Each Target provides a short explanation of the identified linkages for questions A, B and
C. The preliminary results were compiled in the tabulated worksheet (Appendix 1) and scrutinised and
validated by all authors, cross-checked in the same pairs, and presented in a workshop with
participation from development practitioners engaged in policy, academia and the delivery of
sanitation globally®. The tabulated worksheet was then finalised jointly by the authors based on
feedback during the workshop. The team was unable to identify published evidence for one Target

1 Workshop organised at Vitol Foundation in September 2019.



(15.8 alien species) with potential links with sanitation and were therefore not shown as having a
synergisticrelationship with sanitation (Appendix 1).

Is there published
For each target: evidence of synergies
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between the target
and sanitation?
All SDGs: ﬁ Sanitation
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Figure 1: Methodology to assess the interlinkages between sanitation systems and the UN 2030 Agenda (adapted from Fuso
Nerini etal., 2018)

Target 11.1 — Make cities and human settlementsinclusive, safe, resilient and sustainable

Target 11.6: By 2030, ensure access for all to adequate, safe and affordable housing and basic
services and upgrade slums.

Two co-authors discussed the call for action, potential synergy and trade-off and used expert
knowledge toidentify references included below and in Supplementary Table 1.

A) Call for action: Yes, there is a call for action in sanitation defined as a basic service, in order to
provide services of containment, transport, treatmentand safe disposal or re-use of excreta, and

particularly in low-income areas which remain under-served or un-served (see for example
Dodmanet al., 2017).

B) Synergies: Yes, access to safe sanitation supports slum upgrading and delivers further benefits
from knock-on impacts on housing stock (see for example Parikh etal., 2012).

C) Trade-offs: Yes, if upgrading solutions do not lead to adequate, equitable and dignified
sanitation for communities and if there is a mismatch between sanitation interventions and
individual aspirations (see forexample Bartram et al., 2012).

Box 2: Example of identified links (call for action in sanitation, synergies, trade-offs) between sanitation and an SDG target

To present the results of our study, all linkages identified have been clustered into four groups referred
to as ‘domains’, which were drawn from the frameworks set by Fuso Nerini et al. (2018) and Waage



et al. (2015). The first group relates to Goals that seek outcomes of “individual and collective
aspirations of greater welfare and wellbeing” (SDG1, SDG3, SDG4, SDG5, SDG 10, SDG16). The second
group “infrastructure services and innovation” concerns the development of systems of production,
distribution and delivery of goods and services (SDG2, SDG6, SDG7, SDGS8, SDGY, SDG11, SDG12). The
third group refersto “the environment and natural resources” (SDG13,SDG14, SDG15). As in Waage
et al. (2015), we categorise SDG17 on governance and partnerships separately and thereby frame it
as a distinct domain that provides institutional mechanisms which are prerequisite forthe delivery of
the targets in groups 1, 2 and 3. As in Fuso Nerini etal. (2018), the identification of linkages at target
level (in contrast to Waage et al., 2015 who established them at goal level) showed that similar
linkages could exist between sanitation and more than one Target across different Goals.

Results

Ourstudy identified linkages between sanitation and all 17 SDGs highlighting that action on sanitation
supports delivery of the 2030 Agenda. Implementation of sustainable sanitation systems would
contribute significantly to the achievement of all 17 goals at multiple levels - individual, household,
community, society and environment. As shown in Figure 2, the assessment found 83 (49%) Targets
requiring action to be taken concerning sanitation systems. Evidence of synergiesand trade-offs were
identified for 130 (77%) and 28 (17%) Targets respectively. The higher number of synergies as
compared to trade-offs highlights the wide-ranging benefits of sanitation can further be explained
through our working definition of sustainable and inclusive sanitation which assumes dignity for all,
safe management along the service chain and zero harm to the environment. These are discussed
below withreference to afew selected sources of published evidence with the complete results of the
assessment reported in Appendix 1and summarised in Figure 2. The linkages identified are presented
below according to the four domains.
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Figure 2: Wheel diagram showing SDGs “calling for action (Question A)”, synergies (Question B) and “trade -off (Question C)”.
Diagram adapted from Fuso Nerini et al. (2018). The line represents an evidence call for action, synergy or trade-off and the

dot represents each Target
1) Individualand collective aspirations of greater welfare and wellbeing

Nine of the 13 Targets of SDG3 (‘Good health and wellbeing’) call for action on sanitation systems.
Among all linkages identified, we highlight that sanitation interventions are required to help reduce
pathogen transmissions to eliminate maternaland neonatal mortality (Targets 3.1-2); mitigate stress
for pregnant women vulnerable to premature deliveries (Target 3.4); and improve hygiene in
healthcare services to promote inclusive access to services (Targets 3.8-9). Several studies confirm
that reducing the number of deaths and illnesses caused by air, water and soil pollution dependson
the safe disposal of human waste to prevent contamination (Target 3.9) (see forexample, Cairncross
and Valdmanis, 2006; Giusti, 2009; Montgomery and Elimelech, 2007). There is evidence that lack of
access to sanitation is one of the factors leading to diarrhoea and can further reduce the ability to
absorb/retain body nutrients leading to malnutrition, which also links to SDG2 (‘Zero Hunger)
(Freemanetal., 2017; Victora et al., 1986). Itis important to note that the synergisticeffects between
action on sanitation and faecal-oral disease reduction are well-researched, but causal links are yetto
be fully corroborated (Aiello and Larson, 2002; Norman, 2019). While evidence shows that action in
sanitation alone cannot eliminate health issues, this study demonstrates multiple linkages between
sanitation and individual and collective wellbeing which go well beyond health.

As sanitation initiatives often fail to target the most marginalised communities, the high cost burden
of inadequate sanitation and poor hygiene these groups subsequently experience make adirect case
for investmentin sanitation to support SDG1 (‘No Poverty’) and SDG10 (‘Reduced Inequalities’). Safe
sanitation can help safeguard health, thereby reduce medical costs, and can deliver additional benefits
including time-savings, increased productivity, and contribute to income generation (Targets 1.1-2)
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(Maraetal., 2010; Mehrotraetal., 2000). The combination of time saved as a result of safe sanitation
access and associated cost savings can have multiplier effects for households where investment
enhances sanitation provision at home (Parikh et al., 2012). Sanitation improvements are further
central to promote social, economic and political inclusion, including that of migrants (Targets 10.2,
10.7) (DeVries and Rizo, 2015; Jobbins et al., 2018). However, trade-offs were also identified for three
Targets (Targets 1.1-2, 1.A) highlighting how micro-financing structures need to be not only accessible
but affordable in orderto minimise the financial burden that sanitation investments can represent for
households (Augsburgetal., 2015; Hofmann, 2018; Sinharoy et al., 2019).

While our study revealed multiple linkages between sanitation and SDG5 (‘Gender Equality’), in
practice, gender-inclusive sanitation has yetto be achieved at scale. Action in sanitation is particularly
urgent where women and girls bear the brunt of poor infrastructure and services with inadequate
access having a knock-on effect on their health, education, disposable income and time-savings (5.1,
5.4) (Parikh et al., 2015). Sanitation can support SDG5 as well as SDG16 (‘Peace, Justice and Strong
Institutions’) regarding the need for safety, for example from the development of female-friendly
toilets, especially where women and girls are exposed to harassment (Targets 5.2, 16.1) (Abrahams et
al., 2006; Belur et al., 2017). There is evidence of the relationship between sanitation and taboos
around sexualand reproductive health, and the way lack of access to menstrual hygiene management
facilities can affect girls’ school attendance, although furtherresearchis needed on this (Targets 5.1-
2, 5.6) (Adukia, 2017; Sommer, 2010). This link re-emergesin SDG4 (‘Quality Education’), which also
presents linkages with sanitation through Water, Sanitation and Hygiene (WASH) and education (at
schooland elsewhere) (Target 4.3, 4.5) where action on both sides can positively reinforce each other.
Severaltrade-offs were identifiedin relation to the forms of sanitation and hygiene education delivery,
as stigmas (e.g. around menstruation) sometimes perpetuate where action overlooks the need for
structural change both with teachers and students (SDG 4.1) (Johnston-Roblefo and Chrisler, 2013).

2) Infrastructure services and innovation

All Targets in SDG6 (water and sanitation) call for action in relation to the delivery of ‘adequate and
appropriate’ sanitation and hygiene infrastructure and supporting service systems. There are also
possible synergies with all SDG6 Targets, forexample in the way treatment and safe disposal of human
faeces and urine safeguards watersystems (Targets 6.1, 6.3) (Grant et al., 2012; Haq and Cambridge,
2012). Integrated Water Resource Management (IWRM) can benefit sanitation through reclamation
of water/use of wastewater (Target 6.4, 6.5) (Narain, 2002), surface water and aquifer conservation
(Target 6.6) (Foster and Ait-Kadi, 2012). However, possible trade-offs within SDG6 occur with the
promotion of particular sanitation systems (e.g. flush toilets) that are water-intensive and could
impede water security, increase household expenses, and impact on water resources (Targets 6.1-2,
6.4) (Grant et al, 2012; Narain, 2002). This emphasises the need to challenge prevalent discourses
where improved sanitation is associated with more water-intensive systems.

Sanitation development objectives are closely aligned with the food and energy sectors —SDG2 (‘Zero
Hunger’) and SDG7 (‘Affordable and Clean Energy’)—due to the benefits of dealing with human waste
as a resource foragricultural production (e.g. Targets 2.1-4 on treated wastewater used forirrigation,
sewage sludge for farm productivity) and energy production (e.g. Targets 7.1-2 on human faeces
valorisation for biogas production), but such practices are uncommon and typically small-scale and
informal and require further evidence-building (Kramer et al., 2013; Lisansky, 1986). Synergies
between sanitation and all Targets of SDG7 (Energy) for which no trade-offs were identified highlights
that investment in sanitation would also benefit other forms of infrastructure that are critical for
wellbeing (Kalt et al., 2019; Ortiz et al., 2017). The waste and energy nexus, forexample, presents an
opportunity to leverage investment across sectors and create multiple social and economic co-
benefits (Klinghoffer et al., 2013). Our definition of sanitation assumes implementation of safe
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systems covering the entire sanitation value chain, but there will be instances where unsafe disposal
or reuse practices may lead to contamination of food and the environment. If such reuse and
treatment options are notadequately implemented, this could lead to further contamination of water
and soil and present a threat to human health (Grant et al., 2012; Hofmann, 2013). SDG9 (‘Industry,
Innovation and Infrastructure’) also recognises the value of resource-efficient systems and emphasises
the need for developing and upgrading sanitation infrastructure that enables the valorisation of
excretain closed-loop systems (Targets 9.1, 9.4, 9.a) (Andersson etal., 2016; Fangzhouetal., 2011).

SDG9 demands investment into innovation which in the sanitation sector could centre around
innovative approaches to existing large-scale sanitation systems to include decentralised schemes.
This can include green technologies but also ecological sanitation techniques, such as the
development of greeninfrastructure for wastewatertreatment (Targets 9.5,9.b) (GSMA, 2017; Zhou
et al, 2018). Also, on wastewater management, there are four targets under SDG12 (‘Consumption
and Production’) calling for change in sanitation infrastructure to re-use waste and thereby reduce
pressure on natural resources (Target 12.2, 12.4-6). We identified evidence for different types of
synergies to safeguard ecosystems, for example where irrigation techniques or water-efficient toilets
reduce the use of freshwater resources, and where the production of gas and electricity from faecal
waste reduces pressureon fossilfuelreserves (Targets7.2,12.2, 12.5, 12.8) (Cordellet al., 2011; Euler
and Aibeo, 2004; Fangzhou et al., 2011). Links between sanitation and SDG13 (‘Climate Action’)
include infrastructural change. In parallel to actions seeking to safeguard pressure on water resources,
we identify, forexample, thatintegrated sanitation interventions require to block transmission paths
and reduce infection risks in flood-prone areas (Target 13.1) (Howard et al., 2016; Kohlitz et al., 2017).

Our study confirms the fundamental role that sanitation has to play in supporting progress towards
SDG11 (‘Sustainable Cities and Communities’) and SDG8 (‘Decent Work and Economic Growth’) as a
basic service underpinning societal development. Sanitation has avital role to play in protecting public
healthin cities as they expand rapidly (Targets 11.1, 11.3) (Bartramet al., 2012; Dodman etal., 2017;
Parikh et al., 2012). Sanitation supports economic productivity (Targets 8.1-2) and eco-economic
decoupling (Target 8.4) (Cole and Neumayer, 2006; Lithi et al., 2010; Raméa et al., 2016; Van Minh
and Hung, 2011). Sanitation and SDG8 also link through entrepreneurship, creativity and innovation
(SDG 9.3) as small and medium enterprises and research and development institutions play pivotal
roles in the sanitation sector. However they face various institutional barriers such as access to
affordable financing mechanisms and adequate infrastructure (Scott, Forte and Mazeau, 2017).
Sanitation action is required to achieve universal ‘decent work’ (Targets 8.5-8), including for sanitation
workers — and particularly informal workers involved in faecal sludge management — who are not
protected by health and safety measures while they operate in marginalised environments. While
efforts are growing to address this challenge they remain ad-hoc and fragmented (Cacouris, 2012;
Chandler, 1994; World Bank etal., 2019).

3) Environmentand naturalresources

Sanitation has a crucial role to play in protectingenvironmentalresourcesandrelatesto SDG14 (‘Life
Below Water’) and SDG15 (‘Life On Land’) in two important ways: in reducing pollution to conserve
ecosystems; and in enhancing ecosystem services through safe re-use of excreta. The latter is
important, because the nutrient content of excreta benefits soils and aquatic systems. On reduced
pollution, saferor no waste disposal into the environment requires considering the entire sanitation
chain ratherthan adopting a narrow focus on toilets, which is not sufficient to address environmental
contamination. We therefore identifythe range of actions required where untreated sewage pollutes
coastal and marine areas (Targets 14.1-2, 14.5) (Aronson et al., 2011; Shuval, 2003), as well as
terrestrial and inland freshwater ecosystems (15.1-5) (UN-Water, 2016). On the re-use of excreta,
published evidence has explored opportunities to restore degraded land and soils (15.2-5) (Bramryd,
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2002; Simha and Ganesapillai, 2017; Zasoski et al., 1984), as well as to enrich water resources with
nutrients (14.2, 14.7) (Bunting, 2004; Edwards, 1992). Studies on nature-based solutions have
proposed a range of techniques supporting the achievement of objectives in both environmental
conservation and sanitation service provision, for example through wetland conservation or the
construction of artificial wetlands (15.1) (Koottatep etal., 2005; Metcalfe et al., 2018;).

Synergies were identified for several Targets in relation to ecosystem services and the livelihood
opportunities they represent; for example, in aquaculture (Target 14.7) (Bunting, 2004; Hofmann,
2013; Mukherjee, 2020; Nhan et al., 2008), and in sustainable tourism (SDG 15.4) to limit the impact
of the industry on ecosystems. Furthermore, the water, agriculturaland energy sectors are concemed
with pollution and waste management (Targets 2.1, 6.1, 6.3, 6.5-6, 7.a) (Narain, 2002; Newell et al.,
2010; Niemczynowicz, 1999; Qadir et al., 2010), which is also an important issue tackled by SDG9
(‘Industry, Innovation and Infrastructure’) through Target 9.4 as mentionedin domain 2, and by SDG12
(‘Responsible Consumption and Production’) through Targets 12.2, 12.4-6 as mentioned in domain 3
(Andersson et al., 2016; Asano and Levine, 1996; Gensch, 2008). A potential trade-off was identified
with Target 15.8 on invasive species as non-native species may be introduced with certain types of
sanitation systems (e.g. introduction of alien species through faeces containing seeds), where human
waste is applied on soils as a source of nutrients, although no published research was identified to
supportthis.

There is evidence of synergies with integrated climate action reducing environmental contamination
from spillage during natural disasters, including that of resilient sanitation infrastructure mentioned
in domain 2 (13.1). Building awareness on risks and impacts of climate change on sanitation on-site
systems will help the implementation of measures such as the timely emptying of pit latrines and
septic tanks in emergency settings to limit environmental impacts (13.3) (Fewster, 2012; Howard et
al., 2016). Recentresearch has explored the potential of off-site composting of human waste on the
reduction of greenhouse gas emissions in the context of container-based sanitation systems in slums,
thereby articulating the links betweensanitation, climate change, the environment and basic services
(13.b, 15.1, 11.1) (McNicol et al., 2020).

4) Governance and partnerships forthe goals

There are multiple ways through which sanitation relates to the strengthening of institutional
mechanisms (SDG17 ‘Partnerships for the Goals’) that can support the achievement of the rest of the
SDG Targets. On finance mobilisation and allocation (Targets 17.1-17.5), there is recognition that the
poorest countries receive proportionately less Official Development Assistance (ODA) and that water
and sanitation-related ODA is poorly targeted (Target 17.2) (Cotton and Bartram, 2008). Yet, ODA can
sustainably support sanitation interventions on the ground as well as inform policy-making and
regulations (Targets 17.2-5) (Cacouris, 2012; Cha et al., 2017; Goksu et al., 2017; Gopalan and Rajan,
2016; Newborne et al.,, 2012; World Water Council, 2018). Evidence of positive links between
sanitation and SDG17 have also been identified in national policies and strategies which capitalise on
their international relationships for exchange of sanitation-related information, knowledge,
technology and finance (Targets 17.6-9) (Murphy etal., 2009).

Trade-offs may also exist where practices advocated by the international development community set
the path for certain practices that do not match local level aspirations or overlook existing local
activities (Khan, 2018). These trade-offs were also identified in other Goals since community needs
and/or aspirations are not always reflected in national policy-contexts (for example for Targets 6.3,
12.7). Anothertrade-off relates to the potential of governmenttaxesincreasing the financial burden
of households and preventing them from investing in sanitation (17.1). Besides, increasing taxes and
revenues is not a guarantee that these are used to fund and sustain the expansion of sanitation
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infrastructures across countries (UNICEF, 2016). Some of these challenges are related to the lack of
additional finance to pay for sanitation systems that may be costlier than existing ones. Potentially
stronger community participation through public-private-civil society partnerships could be a game-
changer in the implementation of sanitation systems for which users are willing/able to pay (17.17,
5.5, 6.b, 11.3, 16.7) (Annamraju etal., 2001; Bisaga etal., 2015; Lamichhane and Babcock, 2013). For
example, adapting existing sanitation systems to build climate resilience will require acombination of
additional finance and will need deeper participation of the users (Oates et al. 2014).

At national-level, policy coherence remains an important challenge that requires stronger
collaboration between governmental institutions (Target 17.14) (Georgeson and Maslin, 2018).
Beyond governments, the formation of strategic multi-stakeholder partnerships will be crucial to
achieve the successful planning and implementation of sanitation interventions, including potential
beneficiaries (Targets 17.16-17) (Allen et al., 2017; ODI and FDC, 2003). This is particularly relevantin
the context of climate resilience (SDG13) in relation to sanitation services which need to be part of
national policies and planning (Target 13.2), and within which community participation is critical
(Target 13b). Yet, there is significant uncertainty around climate change impacts, and this means that
today’sinvestments may notresultin climate resilient sanitation systems. Thus, important trade-offs
may emerge during the development and adoption of adaptation strategies (Target 13.1) . Establishing
partnerships willrequire exploring arange of business models that bring together multiple actors, and
building capacity to plan and implement projects collaboratively across levels (Targets 17.4-17.9).
High-quality, timely and reliable data management, including appropriate monitoring and evaluation
systems will support the planning, implementation and measurement of progress for sanitation
interventions (Targets 17.18-19) (Cotton and Bartram, 2008; Mason, Matoso and Smith, 2015).

Discussion and recommendations

Our structured review process demonstrates that sanitation action is required to achieve all 17 SDGs.
We have identified evidence of synergies between sanitation and 130 Targets out of a total of 169
across the Goals. Synergies exist between sanitation and all Targets that consider inclusivity, social
diversity and human wellbeing. Hence, cross-sectoral thinking will result in using resources more
effectively, thereby encouraging collaboration and reducing conflict over resources. For example,
inclusive sanitation services which embed menstrual hygiene and baby wash management have a
direct link with targets in SDG3 and SDG5 that explicitly recognise the diverse needs of girls and
women, new-borns and children and vulnerable populations such as the disabled. The rights and
dignity of the workforce engaged in sanitation service provision s highlighted through links with SDG9
and SDG10. However, many of the identified trade-offs emphasise possible barriers to inclusive
interventions due to conflicting objectives at various scales of action, especially where individual
aspirations are overlooked by city, national or global-level strategic agendas. This is as much to do
with policy design not taking into account contextual concerns, as it is with difficulties encountered
with policy implementation. While this study emphasises the needto strengthen governance systems
for integrated and cross-sectoral action, this requires further efforts around contextual guidance and
documentation which is a gap also identified by Scott etal. (2019).

Due to the evidence-based methodology and structured process, our study was able to identify a
higher number of linkages between sanitation and the SDG Targets compared to the 2017 SuSanA
study referenced in the introduction (SuSanA, 2017), including less established ones. This concerns,
forinstance, evidence links between sanitation improvementsand SDG10on reduced inequalities (six
Targets), and SDG4 on health such as the reduction of maternal mortality, the decrease in mortality
from non-communicable diseases and the promotion of mental health and wellbeing (Hirve et al.,
2015; Mishra etal., 2017; Padhi et al., 2015).
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Wide-ranging and innovative solutions in the sanitation sector are required to achieve resource
efficiency, reduction in environmental contamination and improved working conditions in low and
middle-income countries, especially for those informally engaged in sanitation service delivery (Rush
and Marshall, 2015). Meeting the principle of zero harm to the environment would require shifting
the focus away from just the provision of toilets to inclusion of the entire sanitation value chain to
include safe sanitation systems. In addition to reducing environmentalrisk such solutions would also
negate associated health risks (diarrhoeal diseases etc). Much more than other forms of
infrastructure, adaptation and scaling up of sanitation services are highly contingent on and heavily
influenced by socio-cultural practices (Dittmer, 2009). Hence, adopting participatory approaches and
the integration of local population’s knowledge to support decision-making would go some way to
develop sanitation solutions which are socio-culturally acceptable.

The synergies and trade-offs documented here are based on a high-level assessment of evidence
globally which cuts across geographies, cultures and political contexts. While the global scope of our
analysis highlights generalimplications for sustainable development of action in the sanitation sector
it does not offerguidance regarding the degree to which these manifestin specific contexts. Context-
specific reviews will be required for different types of sanitation systems to ensure proposed
interventions are appropriate and locally relevant. Applying the methodology to concrete case studies
will help expand the evidence base established here. Case studies can further help assess the
suitability of various technical options for safe sanitation systems to local conditions, acceptance of
safe sanitation solutions along the entire value chain to reduce environmentalrisk, identify complex
trade-offs in context, and understand socio-cultural barriers to scale-up appropriate solutions.
Evidence of the far-reaching impact of sanitation within countries will further provide opportunities
to harmonise and leverage in-country investmentfor sanitation. This would support the development
of guidelines and practical tools to enable diverse stakeholdersto deliver safe and inclusive sanitation
solutions appropriate for local contexts. Context specific case studies could also include a cross-
sectoral evaluation as policy makers often have to compare demands across before allocating limited
resources.

The following two sections provide recommendations specifically to decision-makersand practitioners
involved in sanitation and related sectors regarding how to take the results of this study further. The
third section offers suggestions for researchers to replicate this methodology and/or expand the
evidence base on linkages between sanitation and the SDGs. The recommendations combine our
findings from the study as well as the above-mentioned workshop with development practitioners.

To governmental institutions and policymakers: addressing the current institutional and financial
fragmentation in sanitation provision will require holistic and integrated policies, underpinned by
collaborative and participatory approaches. In most countries, sanitation services are included within
public health or water resources ministries where there are multiple and conflicting demands on
limited human and financial resources. Depending on the context, addressing the financing gap in
sanitation requires either convergence of efforts across ministries or the creation of dedicated cross-
sectoral nodal agencies to deliver meaningful sanitation outcomes. Current sanitation investments
have been directed to the provision of physical infrastructure in the formal city and less focused on
the delivery of services forlow-income households and informal settlements (Hutchings et al., 2018).
Universalisation of sanitation will require a shift towards co-produced sanitation solutions and
inclusive decision-making policies and processes that include the voices of potential users, including
marginalised groups (Burra etal., 2003; Hasan, 2006; McGranahan and Mitlin, 2016). A range of actors
are developing closed-loop systems which provide an opportunity for governmental institutions and
policymakers to forminclusive and innovative partnerships.
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To practitioners (including funding institutions, private enterprises, INGOs/NGOs and community-
based organisations). there is a need to expand evidence on cross-sectoral and multi-level
governance collaboration. Practitioners can play an important role in supporting evidence-driven
approaches by documenting and disseminating the impact of integrated sanitation interventions. This
can be done with support from researchers and used to leverage further funding, in particular for
regions and communities currently bypassed by investment. Financing institutions play afundamental
role in supporting the development andscaling-up of innovative solutionsfor the delivery of adequate,
equitable and dignified sanitation interventions through harmonising funding streams to achieve the
wide-ranging benefits of sanitation investmentsevidencedin this study. The private sector, NGOs and
community-based organisations will be instrumental in adapting our framework as a participatory
monitoring and evaluation tool which can be used to holistically consider impacts of sanitation
interventions, socio-culturalfactors, and acceptance of solutions.

To researchers: significant research is needed to analyse collaborative investment and intervention
models to meet the SDGs. This is key to support practitioners whose resources are often limited to
conduct such studies to develop documentation and expand the evidence base. It is crucial to apply
the methodology set out in this study in a variety of contexts to build a compendium of case studies
with research that reflects realities on the ground and that considers evidence in different languages
and goes beyond what has already been published (e.g. verbal testimonies and unpublished data).
Similar to Evans and Howard (2019), we argue this would support an enriched evidence baseand help
to substantiate the wide-ranging synergies between sanitation and the SDGs for a variety of socio-
political settings. This requires research that embraces the principles of transdisciplinarity and
knowledge co-production with active participation from multiple actors including policy actors and
end-users to incorporate and embed knowledge in concrete political, geographical and socio-
economicsettings (Lang etal., 2012).

Conclusion

Sanitation as a sector suffers from under-investment of resources. For governments with limited
resources, the ability to harmonise efforts across ministries would leverage funding from multiple
programmes and initiatives and open the possibility to pitch for funding from sources beyond the
traditional sectoral funders. Through the established linkages between sanitation and the 2030
Agenda, this research demonstrates the wide-ranging benefits of sanitation, which extend beyond
health across multiple sectors. The identification of synergies locates areas where cross- sectoral
thinking will result in using resources more effectively, thereby encouraging collaboration and
reducing conflict overresources.

Current sanitation policies and investments bypass marginalised communities and groups, particularly
poor women and children and those with disabilities, which in practice has meantthattheir accessto
services are deficient at best. A lack of targeted and inclusive policies and actions for those groups
impedes progress towards achieving SDG6and hence all SDGs. In addition, specifically in marginalised
areas (informalsettlements) knowledge gaps on socially and culturally acceptable technical solutions
appropriate for various complex settings resultin knowledge and policy gaps.

This study builds on the needto adopt holistic sanitation systems which consider the entire value chain
from safe containmentto transport, treatment, disposal and reuse of waste to brokerwide reaching
benefits and mitigate negative social and environmentalimpacts. Priority areas in sanitation research
for the coming years include understanding and developing reuse and recovery technologies and
practices to better integrate a sanitation chain that responds to the water-food-energy nexus.
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Acceptance of solutions, such as reuse and recovery of human waste, will require acknowledgement
of socio-cultural and environmentalfactors to achieve the direct and tangible impacts that sanitation
can have on people and their communities. Shifting the focus away from toilet-centric approaches to
a holistic system approach will not only minimise environment risk but would also lead to better health
outcomesin terms of reduced morbidity and mortality.

The synergies identified in our study recognise issues where cross-sector thinking would result in more
effective use of financial resources, enhanced collaboration, and reduced conflict in currently
underserved settings. Notably, sanitation has a synergistic link with all or nearly all of the Targets of
the Goals for poverty, education, gender, water, energy, industry/infrastructure, and cities; this
highlights potential synergisticfunding opportunities. Given the complexity of the SDGs and the need
to integrate multifaceted issues, including climate change, urbanisation, population growth and
pressure on environmental resources, experts from different disciplines will need to work together
with diverse societal actors to break down traditional silos whilst considering both centralised and
decentralised sanitation systems. The methodology presented provides a mechanism that can expand
ourknowledge base to support the development of more holisticsolutions bringing together research,
practice and policy actors to create evidence-based policies and practices for integrated resource
mobilisation and implementation. It paves the way for transdisciplinary research and practice that can
foster inclusive and safe sanitation solutions for all through deeper explorations of context specific
case studies.

This research provides different stakeholders, including policymakers, funders, practitioners and
researchers, with a replicable framework. This can advance knowledge and facilitate informed
decision-making to enhance funding, planning and implementation of sanitation within
transdisciplinary research and practice to achieve the 2030 Agenda. The evidence-baseinitiated here,
while limited in scope and requiring further expansion, can be used as a starting point to leverage and
harness investment in sanitation and other sectors to make a difference to the state of sanitation
access and address the SDGs more effectively. Most importantly, this is a call for urgent action for
everyone to change the status quo to ensure adequate, equitable and inclusive sanitation for all by
2030.
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