
Placing Sustainability at the Centre 
of the Water, Sanitation and Hygiene 
Sector: A Transdisciplinary Inquiry 

by Naomi Carrard 

Thesis submitted in fulfilment of the requirements for 
the degree of  

Doctor of Philosophy 

under the supervision of Professor Juliet Willetts and 
Emeritus Professor Cynthia Mitchell 

University of Technology Sydney 
Institute for Sustainable Futures 

September 2022 



i 

Certificate of original authorship 

I, Naomi Carrard declare that this thesis is submitted in fulfilment of the 

requirements for the award of Doctor of Philosophy, in the Institute for 

Sustainable Futures at the University of Technology Sydney. 

This thesis is wholly my own work unless otherwise referenced or acknowledged. 

In addition, I certify that all information sources and literature used are indicated 

in the thesis. 

This document has not been submitted for qualifications at any other academic 

institution. 

This research is supported by the Australian Government Research Training 

Program. 

Signature: 

Date: 07 September 2022 

Production Note:

Signature removed prior to publication.



ii 

Acknowledgements 

In the course of completing this PhD I welcomed a family member, and said 

goodbye to another. Undertaking this research through the ups and downs of life 

has driven enormous professional and personal learning, which would not have 

been possible without an exceptional community of scholars and friends.  

Thank you to Juliet Willetts, for saying yes to this ‘wild idea’ and for guiding, 

inspiring and enabling me at each step of the way. Our conversations are always 

rich, challenging, and fruitful. And your support through good times and tough has 

been unfailing and deeply appreciated. Thank you for fifteen years of mentorship. I 

look forward to our future adventures. 

I have the remarkable luck of having a second wonderful mentor in Cynthia 

Mitchell, who has also profoundly influenced my thinking and learning since I joined 

ISF. To Cynthia – your ability to see the bigger and deeper picture always prompts 

fresh ideas, and I thank you for bringing your insights to this research. Thanks also 

for reminding me to stay focused on what really matters when ambition and 

curiosity tempt. 

Thank you to my other co-authors Nilanthi Jayathilake and Tim Foster for providing 

collaborative spaces to explore, challenge and develop ideas. And thanks to the 

wider network of people who supported various aspects of data collection, 

validation and sensemaking – each of whom is acknowledged in relevant 

publications. I particularly acknowledge the Australian Government’s Endeavour 

Leadership Program and the International Water Management Institute (IWMI). 

Funding from the Endeavour Program, and support from IWMI, enabled me to 

spend an enriching six months researching in Sri Lanka. 

While too numerous to name, I wish to thank all the WASH professionals I have 

had the privilege to work with. I have learnt from, and been inspired by, each and 

every interaction. Our collective capacity to learn, evolve and contribute is what 

inspired me to undertake this research. 

Thank you to ISF and IWMI colleagues who discussed ideas and provided critical 

feedback, in particular Jess MacArthur, Kumi Abeysuriya, Freya Mills, Jeremy 



iii 

Kohlitz, Jo Chong, Pay Drechsel, Jerastin Dubash, Anna Gero, Monique Retamal 

and my GAS buddies Rupert Legg and Ed Langham. And thanks to the whole ISF 

team for making a workplace feel like a home.  

Thank you to my Responsible Academic Officer Jason Prior and stage assessment 

panellists Mark Moran and Bem Le Hunte for critical questioning and suggestions 

at key points in the research process. Thank you to Kathleen Gregory for 

perceptive guidance and Kathleen Austin-Gifford for impeccable copyediting.  

To the many friends who have offered both intellectual and emotional support while 

running, walking, swimming, playing in the park or otherwise adventuring – the PhD 

plus parenting double act would not have been possible without you. Particular 

thanks to Alanna, Anna, Ciska, Claire, Jemima, Jill, Julia, Karin, Lauren and 

Rowena. 

I thank my parents Barbara and George and my sister Ginette for unconditional 

support, and for teaching me to be curious, to question, and never forget to laugh. 

Thank you to Ben – for everything. And to Henry and Sacha, for the love and 

learning you bring to my life every day. 

The final parts of this thesis were written while grieving the death of my mother. 

The support and compassion of family, friends and colleagues made this both 

possible and fulfilling. I will be forever grateful to my mother, and all the people in 

my life, who have shown me the wisdom of sitting with sadness and uncertainty 

while also holding onto joy, love, hope and the agency to seek positive change.



iv 

Format of the thesis and included publications 

Format of the thesis 

This thesis is a ‘thesis by compilation’ as described in the University of Technology 

Sydney’s Graduate Research Candidature Management, Thesis Preparation and 

Submission Procedures 2021 (section 10.1.2), comprising a combination of 

chapters and published/publishable works. 

Included publications 

1. Carrard, N., & Willetts, J. (2017). Environmentally sustainable WASH? Current

discourse, planetary boundaries and future directions. Journal of Water Sanitation

and Hygiene for Development, 7(2), 209–228.

https://doi.org/10.2166/washdev.2017.130

2. Carrard, N., Foster, T., & Willetts, J. (2019). Groundwater as a source of drinking

water in Southeast Asia and the Pacific: A multi-country review of current reliance

and resource concerns. Water (Switzerland), 11(8).

https://doi.org/10.3390/w11081605

3. Carrard, N., Jayathilake, N., & Willetts, J. (2021). Life-cycle costs of a resource-

oriented sanitation system and implications for advancing a circular economy

approach to sanitation. Journal of Cleaner Production, 307, 127135.

https://doi.org/10.1016/j.jclepro.2021.127135

4. Carrard, N., Willetts, J. & Mitchell, M. (2022). Placing sustainability at the centre

of water, sanitation and hygiene: Knowledge co-production for sectoral

transformation. Current Research in Environmental Sustainability.

https://doi.org/10.1016/j.crsust.2022.100154



v 

Declarations of co-authorship 

Publication 1 — Environmentally Sustainable WASH? Current discourse, planetary 

boundaries and future directions 

In the case of the publication Environmentally Sustainable WASH? Current 

discourse, planetary boundaries and future directions (published in the Journal of 

Water, Sanitation and Hygiene for Development), the undersigned agree that the 

nature and extent of the contributions to the work was as follows: 

Co-author Nature of contribution Extent of 
contribution 
(%) 

Signature Date 

Naomi 
Carrard 

Led all aspects including 
conceptualisation, research, 
writing and revisions. Defined 
research questions, 
approach and methodology, 
undertook data collection and 
analysis, identified 
implications and 
recommendations based on 
research findings.  

95 10/08/2017 

Juliet 
Willetts 

Provided feedback and input 
during fortnightly meetings 
and critical review of drafts. 

5 10/08/2017 

Production Note:

Signature removed 
prior to publication.

Production Note:

Signature removed 
prior to publication.



vi 

Publication 2 — Groundwater as a source of drinking water in Southeast Asia and the 

Pacific: A multi-country review of current reliance and resource concerns 

In the case of the publication Groundwater as a source of drinking water in 

Southeast Asia and the Pacific: A multi-country review of current reliance and 

resource concerns (published in the journal Water), the undersigned agree that the 

nature and extent of the contributions to the work was as follows: 

Co-author Nature of contribution Extent of 
contribution 
(%) 

Signature Date 

Naomi 
Carrard 

Led all aspects including 
conceptualisation, research, 
writing and revisions. Defined 
research questions, approach 
and methodology, undertook 
data collection and analysis, 
sought expert validation, 
identified implications and 
recommendations based on 
research findings. 

90 02/08/2019 

Tim Foster Provided feedback and input at 
key points in the study design, 
research and writing, and 
critical review of drafts. 

5 02/08/2019 

Juliet 
Willetts 

Provided feedback and input 
during fortnightly meetings and 
critical review of drafts. 

5 02/08/2019 

Production Note:

Signature removed 
prior to publication.

Production Note:

Signature removed 
prior to publication.

Production Note:

Signature removed 
prior to publication.



vii 

Publication 3 — Life-cycle costs of a resource-oriented sanitation system and 

implications for advancing a circular economy approach to sanitation 

In the case of the publication Life-cycle costs of a resource-oriented sanitation 

system and implications for advancing a circular economy approach to sanitation 

(published in Journal of Cleaner Production), the undersigned agree that the nature 

and extent of the contributions to the work was as follows: 

Co-author Nature of contribution Extent of 
contribution 
(%) 

Signature Date 

Naomi 
Carrard 

Led all aspects including 
conceptualisation, research, 
writing and revisions. Defined 
research questions, approach 
and methodology, undertook 
data collection, analysis and 
validation. Identified 
implications based on research 
findings. 

90 04/05/2021 

Nilanthi 
Jayathilake 

Facilitated data collection in Sri 
Lanka, supported validation of 
data and emerging findings, 
provided feedback and review 
of drafts. 

5 05/05/2021 

Juliet 
Willetts 

Provided feedback and input 
during supervision meetings 
and critical review of drafts. 

5 06/06/2021 

Production Note:

Signature removed 
prior to publication.

Production Note:

Signature removed 
prior to publication.

Production Note:

Signature removed 
prior to publication.



viii 

Publication 4 — Placing sustainability at the centre of water, sanitation and hygiene: 

Knowledge co-production for sectoral transformation 

In the case of the publication Placing sustainability at the centre of water, sanitation 

and hygiene: Knowledge co-production for sectoral transformation (published in 

Current Research in Environmental Sustainability), the undersigned agree that the 

nature and extent of the contributions to the work was as follows: 

Co-author Nature of contribution Extent of 
contribution 
(%) 

Signature Date 

Naomi 
Carrard 

Led all aspects including 
conceptualisation, research, 
writing and revisions. Defined 
research questions, approach 
and methodology, undertook 
data collection and analysis. 
Identified implications based 
on research findings. 

90 01/04/2022 

Juliet 
Willetts 

Provided feedback and input 
during supervision meetings 
and critical review of drafts. 

5 01/04/2022 

Cynthia 
Mitchell 

Provided feedback and input 
during supervision meetings 
and critical review of drafts. 

5 01/04/2022 

Production Note:

Signature removed 
prior to publication.

Production Note:

Signature removed 
prior to publication.

Production Note:

Signature removed 
prior to publication.



ix 

Table of Contents 

Certificate of original authorship ....................................................................................... i 

Acknowledgements ......................................................................................................... ii 

Format of the thesis and included publications .............................................................. iv 

Format of the thesis .............................................................................................. iv 
Included publications ............................................................................................. iv 

Declarations of co-authorship .......................................................................................... v 

Abstract ........................................................................................................................ xiii 

PART I Defining the approach and exploring the landscape ................................... 1 
1 Chapter 1 Introduction and research aims ....................................................... 2 

1.1 Overview ......................................................................................................... 2 
1.2 Research context: the WASH sector .............................................................. 2 
1.3 Research motivation and framing ................................................................... 8 
1.4 Researcher profile and epistemological perspective .................................... 14 
1.5 Research questions ...................................................................................... 17 
1.6 Research overview ....................................................................................... 22 

2 Chapter 2 A transdisciplinary research approach ......................................... 27 
2.1 Overview ....................................................................................................... 27 
2.2 A transdisciplinary approach to address a complex, real-world problem ...... 27 
2.3 Building on previous transdisciplinary research experience ......................... 29 
2.4 A problem-solving transdisciplinary inquiry ................................................... 30 
2.5 Transdisciplinarity as a way of being ............................................................ 32 
2.6 Scaffolding the approach: criteria for quality in transdisciplinary doctoral 
research ...............................................................................................................  33 
2.7 Reflections on transdisciplinary stakeholder engagement in the context of 
doctoral research ................................................................................................ 37 
2.8 Conceptual frames and their place in the transdisciplinary inquiry ............... 39 
2.9 Summary ...................................................................................................... 42 

3 Chapter 3 WASH discourse and sustainability .............................................. 44 
3.1 Overview ....................................................................................................... 44 
3.2 A note on terminology ................................................................................... 44 
3.3 Publication 1 — Environmentally sustainable WASH? Current discourse, 
planetary boundaries and future directions ......................................................... 45 
3.4 Critical reflections on the published review ................................................... 84 
3.5 Approach to reviewing more recent WASH discourse .................................. 85 



x 

3.6 How have the published review’s themes and future directions been 
addressed in more recent literature? .................................................................. 86 
3.7 A key shift: climate change as the operating context for WASH ................... 89 
3.8 An instrumental conception of sustainability, with momentum towards 
interdependence ................................................................................................. 91 
3.9 Summary ...................................................................................................... 95 

PART II Two studies of WASH-sustainability interactions ..................................... 97 
Orientation to the in-depth studies: choices and rationale .................................... 98 

Overview ............................................................................................................. 98 
Topic choices: Why groundwater and resource-oriented sanitation? ................. 98 
How the in-depth studies addressed the overarching research question ......... 101 

4 Chapter 4 Study of groundwater reliance and resource concerns ............ 104 
4.1 Overview ..................................................................................................... 104 

4.2 Publication 2 — Groundwater as a source of drinking water in Southeast
Asia and the Pacific: A multi-country review of current reliance and resource 
concerns............................................................................................................ 104

4.3 Critical reflections: beyond what to do, exploring how to do it .................... 125 
4.4 Summary .................................................................................................... 125 

5 Chapter 5 Study of life-cycle costs of resource-oriented sanitation .......... 127 
5.1 Overview ..................................................................................................... 127 

5.2 Publication 3 — Life-cycle costs of a resource-oriented sanitation system 
and implications for advancing a circular economy approach to sanitation...... 128
5.3 Critical reflections: the importance of enablers and narratives ................... 139 
5.4 Summary .................................................................................................... 140 

PART III Collaboration and implications ................................................................ 141 
Orientation to the co-production study and synthesis ......................................... 142 

Overview ........................................................................................................... 142 
Why is knowledge co-production a precursor to the inquiry’s synthesis? ......... 142 
Addressing the overarching research question through co-production and 
synthesis ........................................................................................................... 143 

6 Chapter 6 Knowledge co-production for WASH sustainability ................... 145 
6.1 Overview ..................................................................................................... 145 
6.2 Publication 4 — Placing sustainability at the centre of water, sanitation 
and hygiene: knowledge co-production for sectoral transformation.................. 145 
6.3 Critical reflections: the WASH-sustainability forums and pathways to 
sustainability transformations ............................................................................ 155 
6.4 Summary .................................................................................................... 157 



xi 

7.1 Overview ..................................................................................................... 158 
7.2 Weaving the studies together: three emergent themes .............................. 158 
7.3 Reframing: a deeper resource-orientation in WASH .................................. 162 
7.4 Reimagining: connecting WASH action with purpose ................................. 165 
7.5 Reflexively researching: ethically shaping WASH discourse ...................... 169 
7.6 Integrating and applying the themes ........................................................... 172 
7.7 Critiques and unresolved tensions .............................................................. 173 
7.8 Contributions of the inquiry: transdisciplinary outcomes ............................. 175 
7.9 Future research .......................................................................................... 178 
7.10 Concluding remarks .................................................................................. 179 

References ................................................................................................................. 181 

Appendix A ................................................................................................................. 211 

Appendix B ................................................................................................................. 227 

Appendix C ................................................................................................................. 236 

Appendix D ................................................................................................................. 245 

7 Chapter 7 Synthesis and conclusion ............................................................ 158 



xii 

List of Figures 

Figure 1 My position in the WASH sector and realms of influence and concern........... 8 

Figure 2 The planetary boundaries and ‘doughnut’ conceptualisation showing both 
ecological limits and social foundations ................................................................ 10 

Figure 3 A plural epistemological perspective bridging constructivist and pragmatic 
research paradigms .............................................................................................. 16 

Figure 4 The inquiry’s research questions and how they informed responding to the 
overarching research question .............................................................................. 21 

Figure 5 Structure of the three-part thesis ................................................................... 24 

Figure 6 Conceptual frames, heuristic tools and methods used in the inquiry ............ 39 

Figure 7 The evolution of WASH sector discourse on sustainability ........................... 92 

Figure 8 How study 2 research questions addressed the overarching question ....... 102 

Figure 9 How study 3 research questions addressed the overarching question ....... 103 

Figure 10 How study 4 research questions addressed the overarching question ..... 144 

Figure 11 Weaving the studies together to identify three emergent themes ............. 160 

Figure 12 The three themes mapped to realms of control, influence and concern .... 161 

List of Tables 

Table 1 Sub-research questions associated with each of the four included studies .... 19 

Table 2 Summary of publications ................................................................................. 25 

Table 3 The application of concepts, heuristics and methods in included studies and 
relevant thesis chapters ........................................................................................ 41 

Table 4 Exploring how recent literature has addressed themes and directions ........... 86 



xiii 

Abstract 

Globally, efforts to realise the human rights to water and sanitation are continuing in 

a context of rapid environmental change and pressing sustainability concerns. The 

water, sanitation and hygiene (WASH) sector has long grappled with complex 

challenges of ensuring safe, lasting services for all. Yet WASH sector engagement 

with sustainability imperatives has been partial and focused on continuity of access 

to services. There is opportunity for the WASH sector to both benefit from, and 

contribute to, thinking and action towards sustainability transformations. 

The transdisciplinary inquiry documented in this thesis explored how WASH 

professionals can translate and implement sustainability concepts in sectoral 

research and practice. A problem-solving transdisciplinary orientation shaped the 

approach, engaging with sustainability transformations in a normative way. 

Application of conceptual frames and analytical heuristics reflected a pragmatic 

research perspective, and included planetary boundary thinking as well as frames 

and tools from circular economy and systems thinking scholarship. 

The inquiry comprised four studies that each contribute novel research at the 

intersection of WASH and sustainability, and together informed synthesised 

insights. A review of WASH sustainability discourse with reference to the planetary 

boundaries framework identified four themes and four opportunities for 

strengthening sectoral contributions to sustainability. Analysis of groundwater 

reliance and resource concerns in Southeast Asia and Pacific nations 

demonstrated why and how WASH professionals should engage in groundwater 

resource management. Life-cycle costing of a resource-oriented sanitation system 

in Sri Lanka contributed critical data on how much it costs, and who pays, to 

prioritise a resource-orientation in sanitation service delivery. The fourth and final 

study brought a select group of WASH professionals together to co-produce 

knowledge about foregrounding sustainability in the WASH sector, building on 

findings from each of the previous studies. The process generated ideas for 

individual and sectoral action towards sustainability transformations, and 
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demonstrated the value of knowledge co-production as a mechanism for 

progressing WASH sustainability discourse. 

Synthesis of insights across the inquiry identified three emergent themes for 

informing WASH professional practice: (i) reframing sector perspectives towards a 

deeper resource-orientation; (ii) reimagining purpose to foreground longer-term 

goals and imperatives, such that they inform WASH professionals’ everyday 

actions; and (iii) reflexively researching, exploring how researchers can ethically 

shape WASH discourse in line with the ideals of sustainability transformations. The 

latter theme positions WASH researchers within the wider sector context, 

articulating a compass for future critiquing and reimagining of WASH in line with the 

ideals of sustainability transformations.



PART I Defining the approach and exploring the landscape 

Introducing the inquiry’s motivation and aims, detailing its transdisciplinary 

approach and presenting an analysis of WASH-sustainability discourse.
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1 Chapter 1 Introduction and research aims 

1.1 Overview 

This is a thesis about the translation and implementation of profound, yet abstract, 

planetary sustainability concepts to sectoral research and practice, with a focus on 

the water, sanitation and hygiene (WASH) sector. The transdisciplinary inquiry 

documented in this thesis explored the interconnections between two global 

communities of thought and action: professionals working to expand water, 

sanitation and hygiene services in low- and middle-income countries; and those 

researching, advocating, and acting towards sustainability transformations that 

address urgent environmental concerns. This introductory chapter situates the 

WASH sector as the context of inquiry and presents the starting point for the 

research – that the WASH sector can both benefit from, and contribute to, thinking 

and action towards planetary sustainability. Having established the context and 

motivation, this chapter introduces my epistemological positioning and research 

questions that guided the inquiry. Finally, the chapter provides an overview of the 

thesis, which weaves together four studies and their associated journal 

publications.  

1.2 Research context: the WASH sector 

1.2.1 Sector characteristics and directions 

The ‘WASH sector’ is a global community of professionals focused on expanding 

access to safe water, sanitation and hygiene services. The sector dominantly 

focuses on low- and middle-income countries, where 2 billion people live without 

safely managed water services and 3.6 billion without safely managed sanitation 

services (UN-Water, 2021). Access to WASH services is recognised as critical for 

public health (Hutton & Chase, 2016; Ray & Smith, 2021; WHO, 2018). WASH is 

also foundational for the achievement of a wide range of development outcomes 

linked to livelihoods, education, gender equality and social inclusion (Amebelu et 

al., 2021; Hutton & Chase, 2016). 
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The history and evolution of the WASH sector is intertwined with that of 

development aid. Since the 1950s, multilateral agencies and national governments 

have invested approximately USD 360 billion in water-related development 

initiatives (Hargrove, 2019). The influence of international agencies and 

development organisations is evident in shifting trends and priorities over decades 

(Herrera, 2019). A tendency to prioritise water evolved to encompass sanitation, as 

the ‘WatSan’ sector advocated for the critical role of sanitation alongside water 

(Daryanani, 2012; Kaguima, 2013). Sanitation was added to Millennium 

Development Goal 7 in 2002 (Herrera, 2019), and recognised as a human right in 

2010 – eight years after the United Nations (UN) recognised the human right to 

water (Bartram et al., 2014). In the 2000s the sector again expanded its focus from 

‘WatSan’ to ‘WASH’ to reflect and promote the importance of hygiene and 

handwashing in achieving WASH-related health outcomes (Huston & Moriarty, 

2018). As the focus has broadened, so has the conception of what defines, and is 

required for, WASH services. A tendency to emphasise technologies and facilities 

has been supplanted by conceptions of WASH services as systems shaped by 

social, economic, environmental and governance dynamics (Huston & Moriarty, 

2018; Pugel et al., 2022; Rosenqvist et al., 2016; Valcourt et al., 2020). 

A wide range of public and private institutions at global, national and local levels 

constitute the WASH sector. At the global scale, United Nations agencies with a 

substantial role in WASH include the World Health Organization and UNICEF, 

which together host the Joint Monitoring Programme for Water Supply and 

Sanitation (JMP). Since 1990, the JMP has collated, analysed and reported 

country, regional and global estimates of progress on WASH, building on a history 

of international monitoring of drinking water and sanitation since the 1930s (as 

detailed by Bartram et al., 2014). Complementing access data, UN Water produces 

a biennial Global Analysis and Assessment of Sanitation and Drinking-Water 

(GLAAS) that provides country-level data on investments and policy environments. 

With a stronger collaboration and advocacy role, Sanitation and Water for All 

(SWA) is a global partnership of governments, donors, civil society organisations 

and research institutions coordinating high-level action towards universal clean 

water and adequate sanitation. 
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Beyond these global platforms, international organisations play advocacy, 

knowledge brokering and program implementation roles. Key actors include 

UNICEF, civil society organisations such as WaterAid (a high-profile dedicated 

WASH organisation) and IRC (a ‘think and do tank’ engaged in WASH research 

and advocacy). Global networks are active for water (e.g. the Rural Water Supply 

Network), sanitation (e.g. the Sustainable Sanitation Alliance) and handwashing 

(e.g. the Global Handwashing Partnership), providing platforms for diverse 

professionals to share and learn about research and practice. 

At national and local levels, multiple public, private and community organisations 

are implicated in WASH. Relevant national agencies include those with remits in 

areas of public works, health, education, environment and resource management. 

At sub-national scales, local governments are often charged with responsibility for 

ensuring water and sanitation service delivery (Cairncross et al., 2010; World Bank, 

2017), with services provided by a mix of public, private and community actors. 

Although many of these agencies and actors would not self-identify as part of the 

WASH sector given the diversity of their roles and responsibilities, they engage with 

WASH sector discourse through international collaborations, development 

programs and in national policy processes. 

WASH sector knowledge is reflected in, and shaped by, organisational and 

scholarly literature and regular sector events. The Journal of Water, Sanitation and 

Hygiene for Development is a dedicated academic publication for WASH published 

by the International Water Association, with WASH research also frequently 

appearing in a broad range of water-, health- and development-focused 

publications. Prominent sector conferences include World Water Week organised 

by the Stockholm International Water Institute (SIWI), the Water and Health 

Conference organised by the University of North Carolina (UNC), the Water 

Engineering Development Centre (WEDC) conference hosted by Loughborough 

University and (since 2008) the WASH Futures conference (now the Water and 

WASH Futures Conference), held in Australia with support from the Department of 

Foreign Affairs and Trade. This latter conference, which was spearheaded by the 

University of Technology Sydney, the International WaterCentre and civil society 

organisations, reflects Australia’s contribution to shaping the global community. 
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Normative directions for the WASH sector are described in Sustainable 

Development Goal (SDG) 6 which aims to ensure access to water and sanitation 

for all (General Assembly Resolution 70/1, UN Doc. A/Res/70/1, 2015) and the 

human rights to water and sanitation (General Assembly Resolution 64/292, UN 

Doc. A/Res/64/292, 2010). Both articulate visions for universal, equitable access to 

water, sanitation and hygiene, with SDG 6 incorporating WASH targets and water 

resource management targets under one goal. The SDG framework represents a 

substantial evolution compared with its Millennium Development Goal predecessor, 

in which access to facilities was emphasised over safely managed service delivery, 

and water resources were considered separately with reference to biodiversity loss. 

Within SDG 6, access to safely managed services and water resource 

management are co-located. However, they remain in separate targets and the 

extent to which co-location in one goal has driven practical integration is 

questionable (Tortajada & Biswas, 2018). 

A recent sector development has been the establishment of a Lancet Commission 

on water, sanitation and hygiene and health. The Commission on WASH and 

health aims to “reimagine and reconstitute WASH not only as a central pillar of 

public health, but also as a pathway to gender equality and social and 

environmental justice” (Amebelu et al., 2021, p.1469). The Commission frames 

WASH from a human rights perspective. It emphasises the scale of ambition 

required to achieve SDG 6 (which is off-track), and how the COVID-19 pandemic 

has highlighted the links between WASH access and public health. Climate 

change, rapid urbanisation, humanitarian crises and persistent inequalities are 

described as compounding challenges. The Commission has identified three 

priority activities for its initial focus (Amebelu et al., 2021), namely, arguing the case 

for universal access to safely managed WASH, assessing the financial cost of 

achieving universal access (and associated benefits), and making 

recommendations to inform national systems that support professional service 

delivery while responding to the challenges of climate change and urbanisation. Of 

relevance to this inquiry is the Commission’s emphasis on social and environmental 

justice, with the third priority area of work seeking recommendations that centre 

public health, gender equality, and broader social and environmental justice 

(Amebelu et al., 2021). Positioning WASH as a pathway to environmental justice 
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recognises the deep connections between WASH and environmental dynamics, 

and will shape how the sector approaches these connections (discussed further in 

section 3.8). 

1.2.2 WASH professionals 

Professionals in the WASH sector are diverse in their skill sets and disciplinary 

foundations, playing a wide range of technical, social and regulatory roles. A 

historical dominance of professionals with engineering and public health 

qualifications has broadened with recognition of the social, economic and 

environmental dimensions of WASH service delivery, such that WASH 

professionals now include anthropologists, economists, psychologists and 

marketing experts (to name a few). Although no comprehensive analysis of the 

disciplines and skills represented in the WASH sector exists, recent work has 

highlighted the sector’s complexity (Haque & Freeman, 2021), disciplinary diversity 

in studies focusing on WASH-gender connections (Macarthur et al., 2020) and 

disciplinary diversity in the new Lancet Commission on WASH and Health 

(Amebelu et al., 2021). 

The diversity of disciplinary orientations in the WASH sector is not, however, 

matched by diversity of demographics in leading sector organisations. With an 

increasing focus on equity and inclusion in line with Agenda 2030 guiding principles 

of Leave No One Behind and Gender Equality (United Nations Sustainable 

Development Group, 2019), WASH professionals are increasingly reflecting on a 

lack of diversity within a sector shaped by colonial and postcolonial aid dynamics. 

A study by Worsham et al. (2021) found that older, white males from high-income 

countries comprise more than a third of leadership positions in 105 global 

sanitation stakeholder organisations, with Black, Indigenous and other Women of 

Colour the least represented group. Worsham et al.’s study forms part of an 

emerging sector focus on decolonisation of WASH knowledge, which is discussed 

in this inquiry in Chapters 6 (publication 4) and 7. 

1.2.3 My place in the sector 

In articulating the WASH sector as context for this inquiry, I locate myself as a 

WASH professional working within, influenced by, and influencing sector norms and 
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trends. My research has been shaped by my embeddedness in the sector and work 

I have done alongside my doctoral research, including substantial pieces of 

research focused on WASH-gender connections, inclusive sanitation, climate 

resilience and local government roles as duty bearers in realisation of the human 

rights to water and sanitation. I reflect the disciplinary diversity characteristic of 

WASH professionals, coming to the sector from a foundational background in 

Geography, History and Environmental Law and building expertise over a decade 

of transdisciplinary research across WASH, the Australian water sector and 

development effectiveness projects. As a white woman living in a high-income 

country, I also reflect the dominance of high-income country professionals driving 

the WASH research agenda and discourse, a fact I have reflected on throughout 

this inquiry. 

In locating myself within the development aid WASH sector I also conceive this 

community as where I have greatest capacity to influence, with the sector in turn 

seeking to strengthen WASH service delivery in national and sub-national contexts. 

Acknowledging the realities and limitations of my sphere of influence, in this inquiry 

I intentionally focused on the development aid WASH sector, though with an 

ultimate aim to inform service delivery in country contexts. As such, the inquiry has 

sought change both within and through the WASH sector. My location and 

conception of WASH sector influence and concern is illustrated in Figure 1, which 

maps the WASH sector and my place within it using circles of control, influence and 

concern (after S. R. Covey, 1989). 
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Figure 1 My position in the WASH sector and related realms of influence and concern 

1.3 Research motivation and framing 

1.3.1 The WASH sector and sustainability 

The WASH sector has historically conceived of sustainability as being about 

continuity of access to services. Sustainability in WASH and the aid sector more 

generally has typically been considered in terms of benefits arising from 

investments, with a ‘sustainable’ initiative defined as one in which benefits of a 

project are sustained beyond its duration (e.g. Weststrate et al., 2019; World Bank, 

2017). The WASH sector has traditionally focused on infrastructure and its 

management by communities (Valcourt et al., 2020), connoted by words such as 

durability (Jiménez et al., 2017) and functionality (Lockwood & Smits, 2011; Whaley 

& Cleaver, 2017). More generally, the sector has dominantly focused on social and 

economic needs and drivers (Bradley & Bartram, 2013) with less attention paid to 

the association between WASH sector activities and the natural resources and 

ecosystems on which humankind depends to survive and thrive. Yet the 

connections are profound – WASH services rely on the availability of freshwater 

and ecosystem services, and impact environmental processes at local and wider 

scales. 
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Sectors adjacent to WASH, such as the global water sector, have more strongly 

engaged with environmental sustainability. The International Water Association, for 

example, has several specialist groups focused on basin and water resources, as 

well as resource recovery and reuse (IWA, 2022). In 2016, they released a 

framework to guide water utilities in transitioning to a circular economy (IWA, 2016). 

Similarly, the Stockholm International Water Institute, which convenes World Water 

Week (a key WASH sector event), positions water governance as centrally 

connected to the climate crisis, food security and biodiversity loss (SIWI, 2022). 

While these examples connect to and implicate WASH actors, the WASH 

development aid community has tended to focus more narrowly on service delivery. 

More generally, global efforts to advance Integrated Water Resources Management 

– which is part of SDG 6 – have evolved in parallel to WASH but with limited

integration (Hadwen et al., 2015; Valcourt et al., 2020).

My observation of limited engagement of the WASH sector with broader and 

deeper conceptions of sustainability beyond a ‘continued functioning of facilities 

and services’ idea is what led me to this doctoral inquiry. I wanted to explore and 

respond to a perceived contrast between global sustainability imperatives evident in 

both academic and popular discourse – which were important to me personally – 

and a lack of engagement with these imperatives in WASH. 

1.3.2 Planetary boundary thinking and the doughnut as guiding concepts 

The planetary boundaries framework offers a helpful way of engaging with 

fundamental earth system processes, and I selected this framework as an initial 

lens for considering how the WASH sector might strengthen its engagement with 

sustainability. First proposed by Rockström et al. (2009) and since refined and re-

published (Steffen et al., 2015), it sets out nine inter-linked earth system 

boundaries in which human society can continue to thrive, thereby defining a “safe 

operating space for humanity” (p. 472). This ‘safe operating space’ is a key point of 

differentiation between planetary boundaries and previous framings of ecological 

limits; it conceptualises what ‘sustainable’ looks like from a planetary perspective 

as an alternative to sectoral approaches focused on minimising negative 

externalities (Rockström et al., 2009). Further, it makes clear that deep and 

widespread transformations are needed to remain within the ‘safe operating space’, 
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with a number of the planetary boundaries either transgressing or approaching their 

safe limits (as shown in Figure 2). The planetary boundaries framework is further 

described, including connections between WASH and five of the identified earth 

system processes, in publication 1 (Chapter 3). 

Figure 2 The planetary boundaries and ‘doughnut’ conceptualisation showing both 
ecological limits and social foundations. Source: Raworth (2017a)  

I selected the planetary boundaries framework as a guiding concept for engaging 

with WASH-sustainability connections for three reasons. First, because of its 

influence in global development and sustainability platforms. The planetary 

boundaries framework informed global policy dialogues related to the SDGs 

(Griggs et al., 2013; Hajer et al., 2015; Pisano & Berger, 2013), demonstrating its 

resonance and legitimacy as a framework for guiding human development in line 

with sustainability imperatives. The planetary boundaries framework also underpins 

influential global research and action platforms, such as those connected with 

planetary health. The concept of planetary health aims to situate public health 
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(which is core to WASH sector agendas) within the wider context of its dependence 

on planetary health in the Anthropocene era, and meeting SDG targets while 

remaining within planetary boundaries is a “driving force of the planetary health 

approach” (J. Cole, 2019, p. 16). 

Second, a key idea related to the planetary boundaries framework – as presented 

by its architects – is the idea of ‘planetary boundary thinking’ as a guiding mindset 

for addressing development goals within earth system boundaries. ‘PB thinking’ 

was an idea shared in the 2015 update of the original framework (Steffen et al., 

2015) to guide interpretation of what the framework means at different levels across 

contexts. The scientific basis of the planetary boundaries framework cannot be 

downscaled, yet the authors acknowledge that changes in subsystems inevitably 

affect the function of the planet as a whole, which presents a challenge for 

application of the framework given that policy action occurs at local rather than 

planetary scales (Steffen et al., 2015). ‘PB thinking’ is one response, indicating an 

approach that recognises planetary sustainability imperatives and strives for local 

actions that contribute to human development within the ‘safe operating space for 

humanity’. This idea is similar to the conception of the planetary boundaries 

framework as signposting a fundamentally different route to sustainable 

development in its articulation of a ‘safe operating space’ (Downing et al., 2019). In 

this inquiry I did not seek to apply the scientific basis of the planetary boundaries 

framework to WASH contexts and activities, but rather adopted the concept of ‘PB 

thinking’ to explore the intersection of planetary boundary, human rights and 

development frameworks at scales relevant to WASH sector professionals. 

Third, and most importantly, the planetary boundaries framework has benefited 

from the complementary conceptualisation of ‘the doughnut’, which brings social 

foundations and planetary boundaries together in one integrated vision of a safe 

and just operating space for humanity (Raworth, 2013, 2017a). As shown in Figure 

2, the social foundations reflect twelve dimensions critical for human wellbeing 

derived from the SDGs (Raworth, 2017a). As one of the twelve social foundations, 

‘water’ is defined and measured as the number of people without access to 

improved water and improved sanitation according to WHO/UNICEF Joint 

Monitoring Program (JMP) definitions, which also underpin the directions and 
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activities of the WASH sector (as described above in section 1.2). In offering a 

conceptual connection between ecological limits and social foundations, the 

doughnut defines a vision aligned with my research intent to consider how the 

dominant focus and work of the WASH sector – which addresses the ‘water’ social 

foundation – might be expanded to engage at depth with the idea of a safe (as well 

as just) space.  

The doughnut aligns with my conceptualisation of how the human rights framework 

can and should guide WASH activities, with a focus on both service-related criteria 

(availability, accessibility, quality and safety, affordability, acceptability) and 

underpinning human rights principles including sustainability. The doughnut also 

suggests paths to rethink economic approaches in pursuit of the safe and just 

space, including a focus on distributive and regenerative ideals (Raworth, 2017b). 

Publication 1 (Chapter 3) includes further discussion of the doughnut as a guide for 

WASH sustainability, and publication 3 (Chapter 5) explores a regenerative 

approach to sanitation. 

1.3.3 Sustainability transformations 

Complementing the guiding role of ‘planetary boundary thinking’ and the doughnut, 

my inquiry is situated within the recently expanding field of sustainability 

transformations. Sustainability transformations has emerged over the past decade 

as a field of research concerned with societal shifts that address global 

environmental pressures and move us towards sustainable, equitable futures 

(Patterson et al., 2017). While the concept of sustainability transformations is 

relatively recent, it builds on established research across numerous fields focused 

on social and environmental change to address wicked problems including climate 

change, food insecurity, biodiversity loss and poverty (Salomaa & Juhola, 2020). 

Three bodies of literature have been particularly influential in shaping 

transformations scholarship, namely socio-technical transitions, transformational 

adaptation and resilience (Bennett et al., 2019). 

Sustainability transformations research is often connected with that focused on 

transitions, yet while complementary, the two fields have an important distinction. 

Compared with ideas of socio-technical transition pathways, transformation 
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connotes deeper and more radical change, responding to the recognition that 

incremental change is insufficient to address global challenges (B.-O. Linnér & 

Wibeck, 2019). Reflecting the idea of more radical change, Linnér & Wibeck (2019) 

assert that “transformations infer profound and enduring nonlinear systemic 

changes, typically involving social, cultural, technological, political, economic, 

and/or environmental processes” (p. 4). 

My inquiry engaged with sustainability transformations in a normative way, viewing 

fundamental societal change towards more sustainable and equitable futures as 

necessary and desirable – and seeing the WASH sector as subject to and playing a 

role in transformation processes. A normative framing of sustainability 

transformations is one of two approaches described by Patterson et al. (2017), the 

other being an analytical approach that considers, for example, what happens, how 

and why. In taking a normative orientation, my inquiry drew on both the visionary 

ideals associated with sustainability transformations, and the implied need for 

fundamental change across all sectors to achieve those ideals. 

In initial phases of the inquiry I did not articulate an explicit alignment with 

sustainability transformations, but rather engaged with ideals through the planetary 

boundaries/doughnut conception of a safe and just space. In study 4, leveraging 

the substantial sustainability transformations work that had emerged since my 

inquiry began, I more directly located my research within the sustainability 

transformations space and this body of work then informed my synthesis (Chapter 

7).  

In more clearly situating my research in the sustainability transformations field, I 

applied sustainability science conceptions of knowledge co-production as a 

collaborative, iterative and normative means of producing science (Wyborn et al. 

2019). I also critically reflected on knowledge co-production as a sustainability 

transformation tool, given the nature of transformations as inherently political, 

contested, relative and subjective (Blythe et al., 2018; B.-O. Linnér & Wibeck, 2019; 

Patterson et al., 2017). Knowledge co-production is introduced in Chapter 3 as 

aligned with transdisciplinary approaches, then defined and discussed in Part III of 

this thesis. 
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1.3.4 Leverage points for sustainability transformations and circles of influence as 

sensemaking heuristics for a transdisciplinary inquiry 

The normative nature of this inquiry, and its intent to integrate WASH and 

sustainability transformations ideas – both of which are broad fields of scholarship 

and practice – demanded a transdisciplinary approach. The transdisciplinary 

approach created space for emergence, with the choice of each study and 

increasing engagement with sustainability transformations literature reflecting the 

iterative, evolving nature of transdisciplinary research. The approach also sought 

integrative insights by synthesising across multiple concepts, datasets, and 

disciplinary perspectives (further discussed in section 2.6.1).  

In pursuit of integration across the whole inquiry I used two sensemaking tools: 

leverage points for sustainability transformations (Abson et al., 2017; Meadows, 

2008; Waddock et al., 2020) and circles of control, influence and concern (adapted 

from  S. Covey, 1998; S. R. Covey, 1989). The transdisciplinary approach and use 

of heuristic tools for sensemaking is described and justified in Chapter 2, building 

on the introduction of my epistemological perspective below in section 1.4. The 

application of leverage points and circles of influence to generate integrative 

insights across the whole inquiry is detailed in the synthesis (Chapter 7). 

1.4 Researcher profile and epistemological perspective 

I embarked on this inquiry having spent a decade working in the WASH sector on a 

range of applied and transdisciplinary research and consulting projects (section 2.3 

elaborates my transdisciplinary WASH research orientation). In addition to 

responding to the perceived gap between WASH sector priorities and sustainability 

imperatives, I wanted to deepen my reflective and reflexive research skills to inform 

future WASH sector research and action that both aligns with and contributes to 

wider sustainability transformations. 

An intention to strengthen reflective and reflexive practice skills through doctoral 

research draws from my ambition to be an ethical researcher within a normative 

research frame. I bring an explicit change agenda to my research to contribute – in 

and through my research and related actions – to a sustainable and equitable 
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world. This normative approach has guided my research throughout my career as I 

have worked in partnerships with practice and policy organisations while based in a 

research institute with an explicit mission to “create change towards sustainable 

futures”. While conscious of the limited extent to which a doctoral project can 

realistically influence substantial sectoral change, I approached the inquiry with an 

intent to drive greater focus on sustainability both through and beyond the inquiry. 

In seeking change through and beyond my research, I am conscious of doing so in 

ways that align with established principles of research ethics and challenge (rather 

than reinforce) unequal power dynamics. A focus on research ethics and power 

within a normative research frame demands both reflective and reflexive skills. In 

differentiating reflective and reflexive practice, I associate the former with a learning 

orientation in which research activities are iterative, reflected on and adapted based 

on emerging insights and evolving contextual factors (Wickson et al., 2006). In 

complement, reflexivity is more self-focused, involving being cognisant and 

questioning of how research activities are shaped by my own ways of thinking, 

assumptions and underlying values (drawing on the definition of reflexivity by 

Bradbury & Divecha, 2020). Both reflective and reflexive practices are integral to 

ethical change-oriented research, particularly in development research 

characterised by deep historical asymmetries. 

In taking a normative stance, and doing so reflexively, I position myself as 

epistemologically plural. Epistemological pluralism, as described by Miller et al. 

(2008), recognises that “in any given research context, there may be several 

valuable ways of knowing, and that accommodating this plurality can lead to more 

successful integrated study” (p. 45). I identify with both constructivist and pragmatic 

paradigms, while also valuing (and engaging in) positivist research. In line with 

constructivist perspectives, I see knowledge as socially constructed and mediated 

by power, position and experience (Crotty, 1998). Bringing this lens to my inquiry 

has meant paying attention to the ways in which knowledge is made, used and 

drives action, exemplified by my focus on discourse in study 1 (WASH sector 

discourse and planetary boundaries) and knowledge co-production in study 4 (co-

production for WASH sustainability). 
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My pragmatist perspective is evident in the normative, transdisciplinary framing of 

the inquiry (Popa et al., 2015), and my belief that all necessary approaches should 

be used to understand and address the problem in question (Johnson & 

Onwuegbuzie, 2004; Kaushik & Walsh, 2019). The pragmatist lens also drives my 

valuing of positivist perspectives and preference for mixed methods approaches 

(evident across the studies), seeing constructive roles for quantitative, qualitative 

and mixed-method research to grapple with the complexities of real-world 

challenges defined by biophysical realities and human interactions. Figure 3 

illustrates my perspective. While noting the many and inconsistent ways in which 

philosophical terms are used, I present this figure as a means to convey my 

ontological, epistemological and (to an extent in the normative framing) axiological 

perspectives. 

Figure 3 A plural epistemological perspective spanning constructivist and pragmatic 
research paradigms 

In taking a plural epistemological perspective, I identify tensions between pragmatic 

and constructivist approaches that were experienced during this inquiry. A 

pragmatic lens, which drives an action-orientation, can be ethically compromised if 
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ideas are translated into practice without due consideration of philosophical 

complexities. And constructivist approaches can delay urgent action (as is 

demanded by sustainability crises) if excessive time and effort is diverted to 

philosophical debate. Such tensions are characteristic of transdisciplinary, action-

oriented sustainability science, and highlighted by a trend towards relational 

thinking that engages humanities and social science perspectives in addressing 

sustainability challenges (West et al., 2020). In this inquiry, I sought to tread a 

defensible path between depth of conceptual reflection and reaching action-

oriented conclusions, with each study moving from analysis to consideration of ‘so 

what for WASH professionals?’ in line with the overarching research question, 

elaborated below in section 1.5. In doing so, rather than reaching a unified 

epistemological position I sought to maintain a plural perspective, arguing for 

practical actions while also acknowledging complexity and contestation.  

1.5 Research questions 

Research questions that guided the inquiry were crafted to explore how 

sustainability concepts exemplified by ideas of ‘planetary boundary thinking’ and 

‘sustainability transformations’ might be relevant for, and inform, the work of the 

WASH sector. Questions addressed both conceptual and practical aspects of 

WASH-sustainability connections, reflecting the intentional selection of sub-studies 

to span a breadth of relevant, understudied topics. The design of research 

questions was guided by the ultimate aim of the inquiry, which was to identify 

opportunities for strengthening WASH-sustainability connections, building evidence 

and generating insights that can inform sector priorities and actions. The questions 

– in their breadth and diversity – also reflect the transdisciplinary nature of the

inquiry and its pursuit of coherence while grappling with complexity (elaborated in

Chapter 2).

The overarching research question was: 

How can water, sanitation and hygiene (WASH) professionals translate and 

implement planetary sustainability concepts within – and as a foundation for – 

continued efforts to expand and strengthen service delivery towards realisation of 

the human rights to water and sanitation? 
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The focus on ‘WASH professionals’ speaks to an actor-oriented approach, 

emphasising that the ‘WASH sector’ is an abstract concept that only exists as a 

community of professionals driving discourse and action in particular directions. 

The phrase ‘planetary sustainability’ reflects the intent to broaden the WASH-

sustainability conversation beyond narrower conceptions of sustainability focused 

on functionality towards planetary-scale imperatives associated with human-nature 

interactions. The phrase is also deliberately broad to encompass the range of 

sustainability concepts that informed the inquiry including planetary boundaries, 

circular economy and sustainability transformations. Efforts to expand and 

strengthen service delivery include activities to reach those currently without 

services, as well as those seeking to strengthen existing services towards 

alignment with the JMP ‘safely managed’ criteria and conceptions of strong WASH 

systems (e.g. Huston & Moriarty, 2018; Pugel et al., 2022; Valcourt et al., 2020). 

Finally, the question includes reference to the ultimate sector goal of realising the 

human rights to water and sanitation. In referencing the human rights, the intent is 

to convey my position that stronger integration of sustainability must not override, 

but rather must occur as part of, progressive realisation of human rights. 

The overarching research question sits above sub-questions associated with four 

included studies. Table 1 presents the questions that guided each of the included 

studies, and Figure 4 illustrates how the questions for each study informed the 

overarching research question. Each sub-question is elaborated and addressed in 

this thesis in subsequent relevant chapters as indicated in Table 1, with the 

overarching research question relevant throughout and addressed directly in 

Chapter 7 (synthesis). 

18



Table 1 Sub-research questions associated with each of the four included studies 

Study Questions Chapter addressed 

1 Environmentally 
sustainable WASH? 
Current discourse, 
planetary boundaries 
and future directions 

How has recent WASH sector discourse 
engaged with environmental 
sustainability? 

What does the planetary boundaries 
concept mean for future priorities and 
pathways to support more meaningful 
engagement of WASH sector 
researchers/knowledge leaders with 
planetary sustainability? 

Chapter 3 - publication 1 

2 Groundwater as a 
Source of Drinking 
Water in Southeast 
Asia and the Pacific: 
A Multi-Country 
Review of Current 
Reliance and 
Resource Concerns 

To what extent are households in 
Southeast Asian and Pacific case study 
countries reliant on groundwater for their 
primary source of drinking water? 

In case study countries, how do 
groundwater resource issues currently 
influence water services for 
groundwater-reliant households, and 
how are they likely to do so in future? 

How can WASH sector professionals at 
national and sub-national scales 
meaningfully engage in groundwater 
resource management as a foundation 
for universal, sustainable service 
delivery? 

Chapter 4 - publication 2 

3 Life-cycle costs of 
a resource-oriented 
sanitation system 
and implications for 
advancing a circular 
economy approach 
to sanitation 

What are the life-cycle costs, and who 
pays, for an established resource-
oriented sanitation system in urban Sri 
Lanka? 

How can a comprehensive 
understanding of the costs of resource-
oriented sanitation advance a circular 
economy approach to sanitation in Sri 
Lanka and more widely? 

Chapter 5 - publication 3 
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Study Questions Chapter addressed 

4 Placing 
sustainability at the 
centre of water, 
sanitation and 
hygiene: Co-
production for 
sectoral 
transformation 

How does engaging WASH 
professionals in deliberation about 
planetary sustainability concepts 
contribute to new knowledge, shared 
understandings and new competencies? 

In pursuit of sectoral sustainability 
transformations, how does knowledge 
co-production work in practice and what 
considerations might inform its nuanced 
application?  

Chapter 6 - publication 4 
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Figure 4 The inquiry’s research questions and how they informed responding to the 
overarching research question
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1.6 Research overview 

This thesis has been structured as a ‘thesis by compilation’ as described in the 

University of Technology Sydney’s Graduate Research Candidature Management, 

Thesis Preparation and Submission Procedures 2021 (section 10.1.2). The thesis 

comprises four published journal articles, of which I was the lead author and 

researcher (see co-authorship declarations), and supporting chapters. The 

included publications each stand alone as scholarly contributions documenting 

distinct studies with their own theoretical, methodological, and analytical bases. 

Table 2 presents an overview of included publications including their respective 

approaches, intended audiences and contributions (which are also articulated in 

section 7.8). The supporting chapters and orientation sections frame and 

synthesise the studies as a coherent set, and contribute: 

• Positioning the inquiry within the field of transdisciplinary research.

• An expanded and updated review of literature at the intersection of WASH

and sustainability.

• Justification of the choice of studies included in the inquiry, and critical

reflections on their contributions.

• A synthesis of insights and implications of the inquiry as a whole.

• Supplementary material associated with studies in the appendices.

The thesis is structured in three parts. Part I details scholarly foundations and 

scopes the field of inquiry. Following this introduction, Chapter 2 details and 

justifies the transdisciplinary research approach, locating the conceptual 

frameworks, research methods and analytical tools used across the studies within 

the problem-solving discourse of transdisciplinarity. Chapter 3 presents a 

systematic literature review of WASH discourse related to sustainability (publication 

1) and an updated analysis of how sector literature has evolved since the review’s

publication.

Part II presents two in-depth studies focused on aspects of the WASH-

sustainability nexus across water and sanitation subsectors. An orientation explains 
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and justifies the choice of topics for in-depth studies and articulate how they 

respond to the inquiry’s overarching research question. Chapter 4 presents the 

study of groundwater reliance and resource concerns in Southeast Asia and Pacific 

countries (publication 2). Chapter 5 presents the analysis of life-cycle costs of a 

resource-oriented sanitation system and implications for advancing a circular 

economy approach to sanitation (publication 3). Both publications are followed by 

critical reflections on the studies in light of the inquiry as a whole. 

Part III expands focus back to the sectoral level, presenting a co-production study 

and synthesising insights across the inquiry. An orientation explains and justifies 

the decision to include a knowledge co-production process in the inquiry, then 

Chapter 6 presents the co-production study (publication 4) and critical reflections 

on pathways from co-production to sustainability transformations. Finally, Chapter 7 

synthesises and concludes the inquiry by identifying three meta-level themes, 

articulating the inquiry’s transdisciplinary contributions, and identifying future 

directions for research that progresses WASH sector engagement with 

sustainability. 

Appendices include supplementary material for each of the included publications. 

Figure 5 illustrates the thesis structure in three parts. 
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Figure 5 Structure of the three-part thesis 
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Table 2 Summary of publications 

Title 1—Environmentally sustainable 
WASH? Current discourse, 
planetary boundaries and 
future directions 

2—Groundwater as a Source 
of Drinking Water in Southeast 
Asia and the Pacific: A Multi-
Country Review of Current 
Reliance and Resource 
Concerns 

3—Life-cycle costs of a 
resource-oriented sanitation 
system and implications for 
advancing a circular economy 
approach to sanitation 

4—Placing sustainability at the 
centre of water, sanitation and 
hygiene: Knowledge co-
production for sectoral 
transformation 

Journal of 
publication 

Journal of Water, Sanitation 
and Hygiene for Development 

(published 2017) 

Water 

(published 2019) 
Journal of Cleaner Production 
(published 2021) 

Current Research in 
Environmental Sustainability 

(published 2022) 

Research 
methods 

Systematic literature review; 
content and thematic analysis 

Secondary data synthesis and 
analysis; systems diagramming 

Life-cycle costing (informed by 
Integrated Resource Planning) 

Transdisciplinary co-production 
of knowledge 

Conceptual 
frameworks/ 
analytical 
heuristics 

Planetary boundaries 
framework and the doughnut; 
Multi-level perspective 
(transition studies) 

Systems thinking diagramming; 
criteria of the human right to 
water; the water service 
delivery approach framework 

Life-cycle costing, Circular 
Economy concepts 

Co-production for sustainability 
principles and theory of 
change, Sustainability 
transformations 

Relevant for WASH sector researchers and 
knowledge leaders within 
international WASH sector 
organisations 

Researchers and professionals 
in international WASH 
organisations (direct audience) 
and through them, partners at 
national government and 
service authority levels 

Researchers and professionals 
in international WASH 
organisations (direct audience) 
and through them agencies 
responsible for urban sanitation 
planning and management 

WASH sector researchers and 
knowledge leaders (within 
international WASH sector 
organisations), 
transdisciplinarity and co-
production scholars 
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Key 
contributions 

-Comprehensively maps how
WASH sector researchers and
other professionals are
engaging with environmental
sustainability.
-Demonstrates the relevance
and usefulness of the planetary
boundaries framework for
WASH.
-Articulates key gaps and
opportunities for strengthening
focus on environmental
sustainability in WASH: i)
Foster ‘do more good’ instead
of ‘do less harm’; ii) Focus on
synergies and minimise trade-
offs; iii) Identify and address
gaps in current focus; iv)
Transition reuse from niche to
regime scale.

-Establishes a baseline of
populations using groundwater
for drinking in ten Southeast
Asian and Pacific nations,
demonstrating the importance
of groundwater resources for
meeting the human right to
water.
-Identifies groundwater
resource issues that must be
planned for to sustain water
services.
-In focusing at regional scale,
provides comparative data and
captures diversity of
experiences that can inform
global and local action and
advocacy around the risks and
concerns raised, as well as
inform the scope and focus of
future studies at local scales.

-Contributes empirical cost
analysis of a resource-oriented
system, a novel contribution
given most studies are
prospective or hypothetical.
-Refines a replicable costing
methodology for exploring
costs and equity
considerations.
-Positions sanitation within
circular economy discourse,
highlighting opportunity to
broaden focus from business
models to systemic change.
-Argues for a shift in sector
discourse from economic
analysis comparing resource-
oriented sanitation with
traditional forms towards a
purposive approach supported
by full-cost analysis.

-Contributes new knowledge on
WASH-sustainability priorities
and methodological insights on
transdisciplinary knowledge co-
production.
-Demonstrates the relevance
and usefulness of co-
production for WASH sector
development, including design
features that underpin effective
short-form processes.
-Contributes methodological
insights for co-production,
arguing that future co-
production processes could
beneficially emphasise
purpose, work across scales
and contexts, and take a
reflexive approach to power.

Journal and 
citation 
metrics1 

Impact Factor 1.250 
Citations 21 

Impact Factor 3.530 
Citations 95  

Impact Factor 9.297 
Citations 2 

Impact Factor n/a (new journal, 
companion to Current Opinion 
in Environmental Sustainability) 

1 Google Scholar citations as of 7 September 2022. I use Google Scholar (rather than SCOPUS or Web of Science) due to the database’s more 
comprehensive coverage of disciplines and document types that may be relevant to WASH research and practice, and the fact that studies have 
countered doubts regarding the accuracy of citation counts (Harzing & Alakangas, 2016). 
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2 Chapter 2 A transdisciplinary research approach 

2.1 Overview 

This chapter presents the methodological approach to the inquiry by situating the 

research within transdisciplinary scholarship. I first articulate the rationale for a 

transdisciplinary approach given the nature of the inquiry’s research question. I 

then briefly describe my career as a transdisciplinary WASH researcher, which 

informed my approach in this doctoral inquiry. I locate the inquiry within the 

‘problem-solving’ transdisciplinary discourse (Thompson Klein, 2015) and consider 

the relevance of alternative framings of transdisciplinarity as a theory, methodology 

and ‘way of being’. Drawing on published criteria for assessing quality in 

transdisciplinary postdoctoral research (Willetts & Mitchell, 2017), I critically reflect 

on the iterative methodological and conceptual choices made, demonstrating my 

approach to ensuring research rigour and coherence within a multi-method, 

conceptually diverse, and yet coherent inquiry. Finally, I introduce conceptual 

frameworks used in the inquiry and flag their application and critical consideration 

in subsequent chapters. 

2.2 A transdisciplinary approach to address a complex, real-world 

problem 

The question at the heart of this inquiry – how to translate and implement planetary 

sustainability concepts within and through the WASH sector – demanded a 

transdisciplinary approach. Transdisciplinarity emerged and developed in the 1970s 

as a critique of narrow disciplinary perspectives, and opportunity to reimagine the 

relationship between science and society under a set of common axioms (Gibbs & 

Beavis, 2020; Thompson Klein, 2015). While definitions vary, distinguishing 

features of transdisciplinary approaches are their problem focus, evolving 

methodology and collaborative nature (Wickson et al., 2006). More specifically, 

transdisciplinary approaches are characterised by: 
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• A real-world ‘problem’ framing or focusing on socially relevant issues that

transcend disciplinary boundaries (e.g. Pohl, 2010; Thompson Klein, 2017;

Wickson et al., 2006).

• A normative intent to improve or transform the situation (e.g. Marshall et al.,

2018; Mitchell et al., 2015).

• Transcending disciplinary paradigms, taking an epistemologically pluralist

stance (e.g. Carew and Wickson, 2010; Pohl, 2010; Willetts and Mitchell,

2017).

• Evolving methodologies (e.g. Carew and Wickson, 2010; Wickson et al.,

2006).

• Collaborative, consultative and/or participatory practice, involving

meaningful collaboration between researchers and other stakeholders (e.g.

Hernandez-Aguilar, 2018; Mobjörk, 2010; Pohl, 2010; Rigolot, 2020;

Schmidt et al., 2020; Wickson et al., 2006). Increasingly, such collaborative

processes are framed as ‘knowledge co-production’ (Pohl et al., 2021;

Schneider et al., 2019).

• Valuing of different knowledge types, such that practical, local and personal

knowledge is integrated with scientific and academic knowledge (Bammer et

al., 2020; Gibbs & Beavis, 2020; Jahn et al., 2012).

While all these characteristics are evident in this inquiry’s methodology (and 

discussed throughout this chapter), the first two drove the decision to take a 

transdisciplinary approach. Firstly, the complexity of both WASH and sustainability 

‘problems’ required exploration through multiple, complementary lenses to achieve 

a sufficiently rich picture. While the inquiry is inclusive of disciplinary lenses and 

methods, which offer substantial value within WASH and sustainability research, 

the scope of my research question required a broader approach. Its sector-wide 

perspective, and layering of sustainability onto already complex WASH challenges, 

warranted a research design suited to real-world complexity and well-placed to 

generate integrative insights. 
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Secondly, transdisciplinarity offered a frame to support rigour while undertaking 

values-based research. The normative, problem-solving intent of the inquiry – 

seeking stronger WASH sector engagement with sustainability – is driven by my 

belief in the importance of sustainability transformations in pursuit of sustainable, 

equitable futures. Such an approach requires reflection and reflexivity to ensure 

change-creation intentions guide, but do not dogmatically drive, the research. 

Transdisciplinarity offers scaffolding to support rigorous, values-based research by 

demanding responsiveness, collaboration and the valuing of multiple perspectives. 

My alignment with the problem-solving discourse of transdisciplinarity is discussed 

further in section 2.4, and my application of transdisciplinary quality criteria as 

scaffolding for rigorous research is described in section 2.6. 

2.3 Building on previous transdisciplinary research experience 

The decision to take a transdisciplinary approach was also informed by my prior 

and ongoing research experience with its emphasis on collaboration, addressing 

real-world challenges and adapting (and evolving) methods to suit unique 

situations. Having spent a decade working on collaborative WASH research 

projects prior to commencing my PhD, I came to doctoral research with an 

appreciation of both the purpose and practical realities of transdisciplinary 

approaches. Working on the real-world challenge of access to WASH services 

supports my ability to engage with complex situations and consider the potentially 

limitless ways in which ‘problems’ can be framed and reframed. In articulating and 

seeking a change agenda for research projects, I navigate purposeful, ethical 

approaches and identify pathways between research activities and their outcomes. 

Many of the projects I contribute to demand an epistemologically pluralist stance – 

for example, conceiving a quantitative measure of WASH-related gender outcomes 

based on a socially constructed view of gender equality (Carrard et al., 2022) – 

which has supported my development of reflexive skills. Similarly, evolving 

research approaches to match contextual and practical realities is characteristic of 

collaborative research projects, which have all been driven by a central focus on 

partnership between researchers and a diverse set of WASH stakeholders. 
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A partnership approach is characteristic of ISF-UTS WASH research, and was 

central in driving my focus on WASH professionals in this inquiry. Through 

collaborative research projects I work closely with water and/or sanitation service 

providers (utilities, private operators, community groups), government agencies 

involved in WASH policy and planning, civil society practitioners and bilateral and 

multilateral donor agencies. I brought these experiences to my doctoral research, 

seeking to build from and strengthen my transdisciplinary research skills, depth of 

thinking about WASH challenges, and ability to generate insights relevant and 

useful for the WASH professionals I partner with. 

2.4 A problem-solving transdisciplinary inquiry 

Synthesising and reflecting on almost 50 years of scholarly work developing the 

field of transdisciplinarity, Thompson Klein (2015) identifies three major discourses: 

transcendence, problem-solving and transgression. The transcendence discourse 

advocates unity, holism and the importance of moving beyond disciplinary 

worldviews (Thompson Klein, 2015). The problem-solving discourse is centrally 

focused on the potential for transdisciplinary research to address societal 

challenges, captured in Jantsch’s (1970) vision of a transdisciplinary university 

structure framed by purpose, and since promulgated by numerous transdisciplinary 

organisations and scholarly outputs (Thompson Klein, 2015). Finally, the 

transgression discourse emphasises the role of transdisciplinarity in public critique 

and debate, moving “beyond instrumental integration to critique, reimagine, and 

reformulate the status quo”. While the boundaries between discourses are fluid and 

evolving, Thompson Klein (2015) argues for their likely persistence given the 

relative focus on epistemological (transcendence), knowledge production (problem-

solving) and critical interrogation (transgression) questions. 

While acknowledging boundary fluidity, this doctoral inquiry was primarily aligned 

with the problem-solving discourse of transdisciplinary research. In articulating this 

alignment, I emphasise two features of the discourse evident in the inquiry. First, 

the inquiry was purposeful, with an explicit agenda to shift WASH sector focus 

towards a foregrounding of planetary sustainability concepts and ideals. This 

normative approach reflects my integrative worldview, belief in the ideal of a 
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sustainable and equitable future, and pragmatic epistemological orientation (as 

described in Chapter 1). The purposive approach was also guided by Mitchell et 

al.’s (2015) outcome spaces framework for transdisciplinary research, which 

prompts transdisciplinary researchers to identify and plan outcomes from their 

projects across three realms: (i) an improvement in the situation, (ii) generation of 

stocks and flows of knowledge, and (iii) mutual and transformational learning by 

researchers and research participants. Throughout the inquiry, I used these 

outcome spaces as a tool for reflection about the situation and optimal directions of 

change, my contribution to knowledge in the form of peer-reviewed publications 

and presentations, and my mode of engaging with sector stakeholders (throughout) 

and research participants (in studies 3 and 4). I articulate the contributions of the 

inquiry with reference to the outcome spaces in section 7.8. 

Second, the inquiry adopted an iterative, generative approach in the selection of 

conceptual frames and methods for each included study. Such an approach is 

characteristic of the problem-solving discourse of transdisciplinarity, which both 

draws on established methods and tools from diverse disciplines and applies 

heuristic techniques to generate integrative and contextualised insights (Thompson 

Klein, 2015). A heuristic approach emphasises the situational demands of a 

transdisciplinary inquiry rather than focusing on methodological norms, making 

sense of situations as best suits their nature and the research purpose 

(Huutoniemi, 2014). I made use of heuristics – or “thinking tools” as termed by 

Carew & Wickson, (2010) – to grapple with the breadth of issues implicated in this 

inquiry, and an associated need for tools that support sensemaking given the 

impossibility of investigating every relevant implication. Tools and methods used for 

analysis are introduced in section 2.8 and detailed in subsequent chapters. As a 

set, the methods and heuristic techniques reflect a fit-for-purpose methodological 

approach, iteratively developing and applying tools best suited to answering 

research questions and generating meaningful insights to address the ‘problem’ in 

focus. 
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2.5 Transdisciplinarity as a way of being 

While the problem-solving discourse of transdisciplinarity best characterises my 

doctoral inquiry, perspectives of transdisciplinarity as a ‘way of being’ – which span 

Thompson Klein’s three discourses – also resonate and have shaped my approach. 

Rigolot (2020) conceives transdisciplinarity as both a discipline and way of being, 

with the latter signifying the inseparability of professional research activities and 

personal life. Such a perspective is captured by Gibbs and Beavis (2020), who also 

emphasise the idea of emergence: 

… transdisciplinarity is more than a methodology grounded in conventional logics: it 

is an ideology; a disposition; a way of addressing the world in which one is 

emergent. (p. 4) 

Over its 50-year history, transdisciplinarity has been variously conceived as a 

methodology, discipline, practice and researcher orientation. Conceptions are often 

characterised dualistically as ‘mode 1’ and ‘mode 2’ transdisciplinarity, with mode 1 

referring to discursive theoretical explorations of transdisciplinarity (commonly 

associated with the work of Nicolescu, e.g. 2008, 2014) and mode 2 more 

practically oriented and focused on the building of knowledge about societal 

challenges (Rigolot, 2020). 

In aligning myself with the problem-solving discourse of transdisciplinarity I view 

transdisciplinarity as a practice. Yet I also reject the dualistic distinction between 

philosophical and practical interpretations. Conceiving transdisciplinarity as a ‘way 

of being’ resonates with my approach, which pragmatically responds to a problem 

while acknowledging plural perspectives, emphasising relational over mechanistic 

responses and the need to transcend a problem-solving perspective to achieve 

deep and broad transformations to sustainability. My alignment with relational 

perspectives on sustainability (as articulated by West et al., 2020) is evident in 

publication 4 (Chapter 6). The inquiry’s synthesis (Chapter 7) identifies meta-level 

insights that transcend problem-solution framings in favour of process-oriented 

themes and directions. In doing so, an outcome of the inquiry is my emerging 

alignment with the transdisciplinary discourse of transgression, which “moves 
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beyond instrumental integration to critique, reimagine, and reformulate the status 

quo” (Thompson Klein, 2015, p. 14). 

2.6 Scaffolding the approach: criteria for quality in transdisciplinary 

doctoral research 

In pursuit of research rigour, I shaped the inquiry with reference to five criteria for 

assessing quality in transdisciplinary doctoral research (Willetts & Mitchell, 2017), 

namely, (i) contribution to knowledge, (ii) reflexivity and responsiveness, (iii) 

research integrity, (iv) appropriate engagement with research context and literature, 

and (v) coherence. The criteria reflect a decade of work adapting traditional 

research quality criteria for transdisciplinary research and for the doctoral process 

(Willetts & Mitchell, 2017). An original set of seven criteria (Mitchell & Willetts, 

2009) was informed by, and updated in response to, Belcher et al.’s (2016) 

systematic review of assessment of transdisciplinary research. In this section, I 

demonstrate my alignment with the quality criteria, describing how each informed 

and is reflected in included studies. 

2.6.1 Criterion 1: Substantial, significant research as an original contribution to 

knowledge and other broader societal outcomes 

The inquiry sought three levels of knowledge contribution. The first is in the 

scholarship of integration, involving synthesis across different disciplinary 

perspectives and interpreting research in context (Boyer, 1997). Contributions to 

integrative knowledge are evident in each of the included studies, which connected 

insights from different disciplinary lenses and applied them to the WASH sector as 

context. Integration is also core to the inquiry’s synthesis (Chapter 7), which makes 

sense of findings across the four studies to identify three meta-level themes that 

address the overarching research question. 

Second, the inquiry contributes ‘discovery’ knowledge (Boyer, 1997) through its two 

in-depth studies focused on groundwater reliance and resource concerns (study 2) 

and life-cycle costs of resource-oriented sanitation (study 3). Both studies 

addressed gaps in existing knowledge: the extent of groundwater reliance and 

connections between resource concerns and drinking water services in study 2 
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(publication 2, Chapter 4); and empirical data on the life-cycle costs (and their 

distribution) for resource-oriented sanitation systems in study 3 (publication 3, 

Chapter 5). 

Third, study 4 contributed collaborative knowledge generation through a process of 

knowledge co-production with a diverse set of WASH professionals (see publication 

4, Chapter 6). The co-production process collaboratively explored insights 

associated with prior studies, strengthening their legitimacy and significance for the 

sector. The process also created a space for mutual, transformative learning – one 

of the three transdisciplinary outcome spaces (as described in section 2.4, after 

Mitchell et al., 2015). 

Beyond knowledge contributions, the pursuit of societal outcomes shaped my 

approach within each study towards articulation of priorities and pathways for 

action. Study 1 (publication 1, Chapter 3) identified four priorities for research and 

knowledge leadership to strengthen WASH engagement with sustainability. Study 2 

(publication 2, Chapter 4) proposed actions for water service providers, service 

authorities and national governments to integrate groundwater resource 

management imperatives within water service delivery efforts. Study 3 (publication 

3, Chapter 5) explored how life-cycle costing can inform circular economy 

approaches to sanitation. Study 4 (publication 4, Chapter 6) collaboratively 

produced ideas about sector priorities for foregrounding sustainability. While 

claiming societal impact from the inquiry is unrealistic given the scale and 

timeframe of doctoral research (as discussed in Chapters 6 and 7), foregrounding 

implications for WASH professionals throughout the inquiry offers a foundation for 

broader societal contributions. 

2.6.2 Criterion 2: Demonstrated reflexivity and responsiveness 

Responsiveness in the inquiry is demonstrated by the iterative nature of study 

selection, and close engagement with research participants and stakeholders in 

studies 3 and 4. My research questions and approach evolved as the inquiry 

progressed, informed by reflection about the scholarly value, feasibility and 

practical benefit of each study. In these ways, the in-depth studies (studies 2 and 3) 

responded to priorities that were identified in the discourse analysis (study 1) and 
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built on my experiences in the sector. The rationale for in-depth study topic choices, 

and how they were informed by related research, are detailed in the orientation to 

Part II of this thesis. Study 4 engaged WASH professionals in discussion about 

emerging insights, with findings and synthesis themes responding to the 

perspectives and priorities shared in the co-production processes (described in 

Chapters 6 and 7). 

Study 4 and my approach to the inquiry’s synthesis also demonstrated reflexivity. 

Publication 4 (Chapter 6) directly explored the ways in which my position as 

researcher-facilitator shaped the process of knowledge co-production. Similarly, in 

identifying a theme of ‘reflexively researching’ in the inquiry’s synthesis (Chapter 7), 

I grappled with researcher roles in normative, and aspiringly transformative, 

processes of sectoral change. I identified how my plural epistemological 

perspective shaped this inquiry, and argued for reflexivity as an ethical imperative 

in normative, collaborative South-North research partnerships. 

2.6.3 Criterion 3: Research integrity as demonstrated by credibility, legitimacy and 

alignment 

Credibility and legitimacy in the inquiry are demonstrated by the research being 

published, shared and refined at multiple points. Peer review processes attested to 

the robust and trustworthy nature of study findings, with the four included studies 

each published as articles in reputable WASH, water and sustainability journals. 

Sharing insights at conferences (WASH Futures 2018, International Conference on 

Sustainable Development 2021), with WASH sector networks (e.g. Sustainable 

Sanitation Alliance, Rural Water Supply Network) and during the study 4 co-

production process also confirmed the legitimacy of emerging insights and elicited 

constructive feedback to inform subsequent stages of inquiry. 

My approach to integrity was also evident in my engagement with research ethics 

processes. I submitted two separate applications to the UTS Human Research 

Ethics Committee, one for study 3 (empirical research in Sri Lanka) and one for 

study 4 (knowledge co-production with WASH sector stakeholders). Going through 

the ethics approval process twice was important given the differences between 

studies, and allowed for nuanced engagement with the research context for each to 
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ensure a responsive, respectful process. A key part of my approach was feeding 

back findings to participants and stakeholders, for example, study 3 findings were 

shared with government representatives in Sri Lanka to inform their ongoing 

sanitation initiatives and study 4 was shared in draft and final forms with 

participating WASH professionals for feedback and approval. 

Alignment in the inquiry was informed by consideration of the ways in which my 

axiological, ontological and epistemological perspectives shaped my research. 

While included studies differ in their topics and methods, they align in their 

contextual focus on the WASH sector, consequent relevance to the overarching 

research question, normative intent, and pragmatic epistemological orientation. The 

emphasis on discourse and constructed meanings evident in studies 1 and 4 was 

also influenced by my constructivist orientation, as was my critically reflexive 

approach to the generation of meta-level insights in the inquiry’s synthesis (see 

Chapter 7). 

2.6.4 Criterion 4: Appropriate breadth and depth of engagement with both research 

context and literature 

Breadth and depth are evident across the inquiry’s four distinct yet connected 

studies, which explored different dimensions, scales and contexts relevant to 

WASH-sustainability interactions. Studies 1 and 4 took a global sectoral focus, 

while studies 2 and 3 addressed specific, contextualised questions relevant to 

water and sanitation respectively. The rationale for choice of these particular in-

depth topics is presented in Part II of this thesis. Each study was informed by 

engagement with relevant literature spanning natural, technical, policy and practice 

fields. 

2.6.5 Criterion 5: Coherent argument across diverse conceptual and methodological 

approaches and perspectives 

Coherence is demonstrated within each of the included publications, which are 

stand-alone pieces of scholarly work. Coherence of the inquiry overall is evident in 

the mapping of study-specific sub-questions to the overarching research question 

(see section 1.5, Figure 4) and in the synthesis (Chapter 7) with its presentation of 

meta-level themes that emerged from cross-study analysis. The coherent argument 
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presented in this thesis was emergent rather than foreseen (as described in 

Chapter 7), which is a characteristic feature of transdisciplinary inquiry (Klenk & 

Meehan, 2017) and its grappling with complexity (Carew & Wickson, 2010) of 

problem and research process. In identifying meta-level insights, the synthesis 

articulated points of convergence across included studies while avoiding over-

simplification of complex processes of sectoral change in line with sustainability 

transformations. 

2.7 Reflections on transdisciplinary stakeholder engagement in the 

context of doctoral research 

As this inquiry progressed, an ongoing question was if, and how, the research was 

appropriately collaborative given that a defining feature of transdisciplinary 

research is the inclusion of diverse knowledge types through engagement between 

researchers and non-academic stakeholders (Hernandez-Aguilar et al., 2020; 

Mobjörk, 2010; Pohl, 2010; Rigolot, 2020; Schmidt et al., 2020; Wickson et al., 

2006). Studies 3 (life-cycle costs of resource-oriented sanitation) and 4 (knowledge 

co-production for WASH sustainability) were conducted with stakeholders, and 

study 4 explicitly used transdisciplinary knowledge co-production as a method. 

However, the overall inquiry was conceived, designed and conducted as an 

individual endeavour with collaborative components, rather than a collective project 

involving stakeholders in problem definition and design. In reflecting on my 

approach with reference to transdisciplinary ideals, three features highlight both the 

strengths and limitations of the research as a transdisciplinary inquiry, related to (i) 

my prior and ongoing experience as an applied WASH researcher in complement 

to my doctoral studies, (ii) components of the inquiry that explicitly sought 

collaboration, and (iii) balancing doctoral drivers and limitations with 

transdisciplinary ideals. 

First, in conceiving and designing the inquiry, I drew from my 10 years’ experience 

working in partnership with WASH professionals from civil society, government, 

donor, private sector and research realms. My close engagement with a range of 

WASH professionals informed the way I approached doctoral research, particularly 

in striving to translate research findings into relevant, useful insights for the sector 
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(see section 2.6 criterion 1). This close engagement continued throughout my 

doctoral studies, during which time I led a partnership with a civil society 

organisation focused on rural sanitation services in Bhutan and Lao People’s 

Democratic Republic and rural water supply in Nepal. I also contributed to a range 

of projects focused on gender equality outcomes associated with WASH 

interventions. While these collaborative endeavours did not form part of my doctoral 

studies, they ensured my continued connection with the perspectives and practical 

realities shaping WASH professional practice in multiple contexts. 

Second, as the inquiry progressed, I sought greater involvement of stakeholders by 

pursuing empirical research (study 3 in Sri Lanka) and co-production of knowledge 

(study 4). Undertaking research in Sri Lanka provided opportunity to work closely 

with researchers at my host institution (the International Water Management 

Institute) and with their support, government stakeholders at national and local 

levels. Engaging with government stakeholders was critical in how the study was 

framed and scoped (responding to an expressed need for cost information), for 

validating data and assumptions, and connecting research to practice by sharing 

and discussing findings. 

Study 4 built on the collaborative approach taken in study 3, including a process of 

engagement with WASH sector professionals. This collaboration was conceived 

and occurred at a later stage of the inquiry, which is a limitation of my approach 

given the ideal of transdisciplinary research involving stakeholders from the outset 

in problem framing and question definition (Chambers et al., 2021; Jagannathan et 

al., 2020). I justify this limitation with reference to my third point of reflection, which 

focuses on the structure and expectations of a traditional PhD program as 

individually driven and bounded by disciplines (Lazurko et al., 2020). In 

incorporating a knowledge co-production process, I sought to honour 

transdisciplinary ideals while acknowledging my reasons for not doing so earlier 

given the time, resources and individual leadership characteristic of doctoral 

research. The co-production process of study 4 therefore represented a culmination 

of doctoral research up to that point, and opportunity for me to engage more deeply 

with transdisciplinary methods as a foundation for future transdisciplinary research 

endeavours. 
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2.8 Conceptual frames and their place in the transdisciplinary inquiry 

In this section, I introduce the fields of scholarship, conceptual frameworks and 

heuristic analysis techniques employed in the inquiry. Subsequent chapters further 

discuss each of the included elements with reference to the studies in which they 

were applied. In this orientation, they are situated within the overall transdisciplinary 

approach to highlight their connections, distinctions and how they informed a 

coherent approach. Figure 6 illustrates and locates underpinning theories and 

concepts as fields of scholarship, conceptual frames, heuristic analysis tools and 

methods employed. 

Figure 6 Conceptual frames, heuristic tools and methods used in the inquiry 

Transdisciplinarity is identified as the research approach, with sustainability 

transformations the research intention. Planetary boundary thinking and the 

doughnut shaped the inquiry’s conception of sustainability, and provided an 
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heuristic tool in study 1. The concept of circular economy underpinned study 3’s 

normative orientation, and is a defining feature of the envisioned economic shifts 

that can drive our transition to a ‘safe and just space for humanity’ within planetary 

boundaries. Systems thinking concepts including interconnections, feedbacks and 

emergence informed my conception of the problem situation, as well as approach 

to identifying responses using a leverage points lens (as detailed in section 7.2). 

The systems method of influence diagramming served as a heuristic for 

sensemaking about connections between groundwater resource concerns and the 

human right to water (study 2). Study 2 also used the service delivery approach 

framework of three institutional levels as a sector-relevant heuristic to identify 

implications of the analysis for national WASH agencies, service authorities and 

service providers. Study 1 applied the multi-level perspective – a way of 

conceptualising socio-technical transitions – as a heuristic for generating insights 

about reuse-related literature. Heuristics used in the inquiry’s synthesis (introduced 

in section 1.3,4 and detailed in section 7.2) included leverage points of 

transformation and circles of control, influence and concern. 

Methods applied in the inquiry comprised systematic literature review (study 1), 

data synthesis and targeted literature review (study 2), life-cycle costing (study 3) 

and transdisciplinary co-production of knowledge (study 4). Methodological choices 

for each study are justified and elaborated in each relevant publication (Chapters 

3–6). Table 3 indicates where each field, concept, heuristic tool and method is 

presented and critically discussed in the thesis. 
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Table 3 The application of concepts, heuristics and methods in included studies and
relevant thesis chapters 

Concepts, heuristics and 
methods 

Studies applied in Where addressed in the 
thesis 

Transdisciplinarity Overarching research 
approach 

Chapter 2 (this chapter) 

Sustainability transformations Implicit intention across all 
studies, explicitly addressed 
in study 4 (knowledge co-
production for WASH 
sustainability) 

Chapter 1: introduced 
Chapter 6 (publication 4): 
the aspiration of co-
production  
Chapter 7: informing 
synthesised insights and 
future research directions 

Systems thinking Informed the inquiry’s focus 
on interconnections and 
complexity. Influence 
diagramming used as a 
heuristic tool in study 2 
(groundwater reliance and 
resource concerns). The 
systems concept of leverage 
points informed 
sensemaking for the 
inquiry’s synthesis  

Chapter 4 (publication 2): 
presented as sensemaking 
method 
Chapter 7: informing 
synthesised insights 

Planetary boundary thinking 
and the doughnut 

Conceptual framing for 
inquiry overall, heuristic 
analysis technique for study 
1 (WASH discourse and 
planetary boundaries) 

Chapter 1: introduced and 
situated with reference to 
sustainability 
transformations 
Chapter 3 (publication 1): 
defining sustainability and 
heuristic tool for analysis of 
WASH discourse 

Circular economy Conceptual framing for study 
3 (life-cycle costing of 
resource-oriented sanitation) 

Chapter 5 (publication 3): 
situating sanitation within 
circular economy concepts 
and critically reflecting their 
application in the inquiry  
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Concepts, heuristics and 
methods 

Studies applied in Where addressed in the 
thesis 

Service Delivery Approach 
framework 

Applied as a sector-relevant 
heuristic tool for identifying 
implications of groundwater 
analysis for WASH 
professionals 

Chapter 4 (publication 2): 
presented as sensemaking 
method to identify action 
pathways for WASH 
professionals 

Transition studies multi-level 
perspective 

Heuristic tool applied in 
study 1 (WASH discourse 
and planetary boundaries) 

Chapter 3 (publication 1): 
applied to generate insights 
related to resource-oriented 
sanitation literature, 
including critical reflection on 
the perspective in light of 
more recent discourse and 
developments 

Leverage points of 
transformation 

Heuristic tool for 
sensemaking across studies 

Chapter 1: introduced 
Chapter 7: informing 
synthesised insights 

Circles of 
control/influence/concern 

Heuristic tool for 
sensemaking across studies 

Chapter 1: introduced 
Chapter 7: informing 
synthesised insights 

Systematic literature review Method for study 1 (WASH 
discourse and planetary 
boundaries) 

Chapter 3 (publication 1) 

Data synthesis and targeted 
literature review 

Method for study 2 
(groundwater reliance and 
resource concerns) 

Chapter 4 (publication 2) 

Life-cycle costing Method for study 3 (life-cycle 
costing of resource-oriented 
sanitation) 

Chapter 5 (publication 3) 

Transdisciplinary co-
production of knowledge 

Method for study 4 
(knowledge co-production 
for WASH sustainability) 

Chapter 6 (publication 4) 

2.9 Summary 

In this chapter I have justified and presented my transdisciplinary research 
approach. A transdisciplinary approach was justified with reference to the inquiry’s 
focus on a complex, real-world ‘problem’ and its normative intent to improve the 
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situation. I identified the inquiry as most closely aligned with the problem-solving 
discourse of transdisciplinarity based on its purposeful and iterative approach, and 
described my complementary conception of transdisciplinarity as a ‘way of being’ – 
a conception that is driving emerging alignment with the discourse of transgression. 
To assert and demonstrate the rigour of my approach I explained how the inquiry 
met five criteria for assessment of quality in transdisciplinary doctoral research, 
before reflecting on strengths and limitations of the inquiry with reference to 
transdisciplinary ideals of stakeholder engagement. Finally, I presented an 
overview of the conceptual frames, heuristic tools and methods applied in the 
inquiry, each of which are detailed in relevant chapters and publications. In the next 
chapter, which concludes Part I of the thesis, I present the inquiry’s exploration of 
WASH-sustainability literature in the form of a discourse analysis (publication 1) 
and updated review. 
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3 Chapter 3 WASH discourse and sustainability 

3.1 Overview 

This chapter reviews WASH discourse related to sustainability. A systematic review 

of literature at the intersection of WASH and environmental sustainability was 

published in the Journal of Water, Sanitation and Hygiene for Development in 2017 

and forms the first of four journal articles included in this ‘thesis by compilation’. 

The review analysed the inclusion and presentation of environmental sustainability 

concepts in academic and non-academic WASH sector literature published 

between 2010–2016. Literature was analysed inductively to identify themes, and 

through the lens of planetary boundaries to identify future priorities. Following a 

brief note on terminology, this chapter presents the journal article and shares 

critical reflections on the review in light of the overall inquiry. I then explore how 

WASH sector discourse has evolved since the review’s publication, identifying a 

key shift from consideration of climate change as a threat towards widespread 

acknowledgement that climate change is the operating context for service delivery. 

Finally, I critically reflect on my published and updated literature reviews with 

reference to sustainability transformations concepts, identifying a tendency for 

WASH discourse to view sustainability in instrumental rather than interdependent – 

and potentially more transformative – terms. The systematic review established the 

foundation for subsequent in-depth studies that form Part II of this thesis, each of 

which also contain reviews of literature more closely related to their topics 

(Chapters 4 and 5). Together, the literature reviews informed insights presented in 

the synthesis (Chapter 7) about the power of discourse in reflecting and shaping 

collective perspectives. 

3.2 A note on terminology 

The phrase ‘environmental sustainability’ was used in the systematic review. At the 

time of researching and writing the review, ‘environmental sustainability’ was in 

common use in international development (as it had been since publication of the 

Brundtland report [WCED, 1987]) and was helpful in distinguishing literature of 

interest from WASH discourse focused on other dimensions of sustainability 
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including functional, economic and social sustainability. Since the systematic 

review was published, use of the word ‘sustainability’ has evolved in WASH and in 

development and transformations discourse, increasingly conveying integrative 

perspectives on human development and flourishing in the biosphere (e.g. Griggs 

et al., 2013; Lim et al., 2018; United Nations, 2015; Waddock, 2020). This thesis 

reflects wider trends in terminology, with ‘planetary sustainability’ or simply 

‘sustainability’ used in later parts of the work. 

3.3 Publication 1 — Environmentally sustainable WASH? Current 

discourse, planetary boundaries and future directions 

Publication 1 is included in Author Accepted Manuscript format in this thesis. The 

published version is available at https://doi.org/10.2166/washdev.2017.130 and is 

free to read online under IWA Publishing’s open access arrangements established 

in 2021. 
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ABSTRACT 

The significant challenge of achieving safe, reliable and continuous service 
delivery has been a focus of the water, sanitation and hygiene (WASH) sector 
in recent years, with less attention given to other important sustainability 
considerations such as environmental sustainability. The agenda set by the 
Sustainable Development Goals (SDGs) prompts a wider lens, bringing water 
resource management and ecosystem conservation together with water and 
sanitation access targets in one integrated goal. As we grapple with our 
approach to this new agenda, it is timely to reflect on how we, as a sector, 
engage with environmental sustainability. This paper reviews recent 
literature at the intersection of WASH and environmental sustainability to 
identify current themes and future directions. Analysis of academic and non-
academic sources was undertaken and then situated with reference to the 
planetary boundaries framework as a useful lens to ground the socio-
ecological systems and processes upon which environmental sustainability 
depends. Findings point to both opportunities and gaps within current sector 
thinking, which can drive leadership from knowledge and research 
institutions towards better integration of access and environmental 
sustainability imperatives. 

KEYWORDS Environmental sustainability; planetary boundaries; reuse; 
sustainable development goals; WASH; water security 
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INTRODUCTION 

Within international development aid, the dominant focus of the water, 
sanitation and hygiene (WASH) sector has been on social, health and 
economic needs and drivers, with “sustainability” often defined as 
continuation of services (Mehta and Movik 2014). The environmental 
sustainability implications of improving access are given less focus. Yet they 
are significant; if we continue to use dominant paradigm approaches to 
expanding service delivery for the 663 million people currently without 
access to safe water and the 2.4 billion without access to improved sanitation 
(WHO/UNICEF 2015) while keeping pace with population growth, there will be 
significant impacts across a range of ecological systems and the resources 
they provide. This will threaten our ability to provide equitable services for all 
into the future. 

To date, service delivery paradigms have been informed by the experiences 
of developed countries and typically focused on extractive water 
infrastructure and “end of pipe” sanitation solutions. These models have 
addressed access issues, but with costs to ecosystem and resource integrity 
(Gleick 2003; Poustie and Deletic 2014). In the global water sector there is a 
shift occurring towards solutions that improve the productivity and efficiency 
of water use (Brooks and Brandes 2011). This approach has the potential to 
better integrate ecosystem and resource sustainability concerns compared 
with historic approaches, but is a relatively recent shift in developed 
countries and is yet to be meaningfully taken up in the international 
development WASH sector (Brooks and Brandes 2011). For this sector, it is 
imperative to consider ways to move beyond business as usual approaches 
to better integrate environmental considerations with access objectives.  

In 2015 the most recent global development agenda emerged, embracing 
new visions and objectives in the form of the Sustainable Development Goals 
(SDGs) (United Nations 2015). In the SDG framework, WASH-related targets 
(within SDG6) have been broadened as compared with their Millennium 
Development Goal (MDG) predecessors. There is a stronger emphasis on 
universal and equitable access (informed by the human rights to water and 
sanitation) and the need to consider service access imperatives with 
reference to broader water resource management considerations. The 
broader agenda encompassed in SDG6 reflects a recognition of the central 
importance of environmental considerations in sustainable water and 
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sanitation service delivery, with a particular focus on the interlinked areas of 
water quality, water efficiency, integrated water resource management 
(IWRM) and water-related ecosystems. 

As policy makers, practitioners and researchers widen their focus in line with 
the SDG agenda, it is timely to reflect on the way the WASH sector engages 
with environmental sustainability. This paper offers a review of current 
discourse at the intersection of WASH and environmental sustainability to 
identify themes and consider future directions that might best support, 
rather than threaten, a safe and sustainable planet. First, the approach is 
described. This includes articulating how environmental sustainability has 
been defined for the purposes of the review. We introduce the planetary 
boundaries framework (Rockström et al. 2009) as a means to ground this 
definition, and we describe the process of discourse analysis. Themes 
identified in current literature are then presented and critically discussed. 
Finally, future directions for the sector are proposed, informed by an 
assessment of current themes against the planetary boundaries framework. 
The planetary boundaries framework sets out nine interlinked earth system 
boundaries in which human society can continue to thrive, thereby defining a 
“safe operating space for humanity” (Rockström et al. 2009; Steffen et al. 
2015). For this review, this framework both offers a synthesizing framework 
for engaging with critical questions of environmental sustainability, and 
advocates an imperative to do so. 

APPROACH 

Defining environmental sustainability and planetary boundaries 

The definition of environmental sustainability adopted for this review 
incorporates conservation of both natural resources and ecosystems. A 
resource lens prompts consideration of the need to manage the natural 
resources on which human societies depend in a way that enables continuity 
of services in perpetuity for future generations. Including ecosystem 
conservation reflects both the interdependencies of ecosystems and natural 
resources, and their intrinsic value. This definition draws on the well-
recognized Brundtland report conception of environmental sustainability as 
“meeting the resource and services needs of current and future generations 
without compromising the health of the ecosystems that provide them” 
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(WCED 1987), and that of Morelli (2011) with its explicit addition of the need 
to conserve biological diversity: 

environmental sustainability could be defined as a condition of balance, 
resilience, and interconnectedness that allows human society to satisfy its 
needs while neither exceeding the capacity of its supporting ecosystems to 
continue to regenerate the services necessary to meet those needs nor by our 
actions diminishing biological diversity. 

For the WASH sector, contributing to environmental sustainability therefore 
requires managing the quantity and quality of resources (such as fresh water) 
in a way that ensures their ongoing availability now and for future 
generations, and does not threaten the health of ecosystems. It is important 
to note that this requires consideration of both local and wider-scale 
processes, given resource and ecosystem dynamics occur locally, regionally 
and globally. 

The planetary boundaries framework aligns with this definition in its 
recognition that the health of earth system processes (across scales) dictates 
the capacity for human populations to survive and thrive. First proposed by 
Rockstrom et al. (2009) and since refined and re-published (Steffen et al. 
2015), it sets out nine interlinked biophysical processes that regulate earth 
system functioning: climate change; biosphere integrity (biodiversity loss); 
freshwater availability; land use change; biochemical flows (nitrogen and 
phosphorus); ocean acidification; stratospheric ozone depletion; atmospheric 
aerosol loading; and novel entities (chemical pollution). The framework is 
informed by significant bodies of work across ecological economics, earth 
system science and resilience (Rockstrom et al. 2009). For each of the nine 
earth system processes, ongoing research is attempting to define thresholds 
of human impact beyond which abrupt environmental changes may threaten 
the earth’s capacity to support human populations (Steffen et al. 2015). 
Figure 1 presents the planetary boundaries framework and current 
assessment, showing that four of the nine boundaries have been crossed as 
a result of human activity: climate change; biosphere integrity; land-system 
change; and biochemical flows (Steffen et al. 2015). 
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Figure 1 The planetary boundaries framework and current assessment (Steffen et al. 2015) 

By quantifying these thresholds of human impact, the framework defines a 
“safe operating space for humanity” (Rockstrom et al. 2009). This “safe 
operating space” is a key conceptual advancement on previous framings of 
ecological limits as it provides a way to conceptualize what “sustainable” 
looks like from a whole-of-planet perspective as an alternative to sectoral 
approaches focused on minimizing negative externalities (Rockstrom et al. 
2009). Further, it makes clear that deep and widespread transformations are 
needed to remain within the “safe operating space”, with four of the earth 
system processes included within the framework already transgressing their 
safe limits (Steffen et al. 2015).  

In identifying a set of tangible earth system processes critical for planetary 
health, the planetary boundaries framework also grounds the otherwise 
slightly illusive concept of environmental sustainability. Reflecting this, the 
framework is becoming more widely used in sustainable development 
discourse including in global policy dialogues related to the SDGs (Griggs 
2013; Pisano and Berger 2013; Hajer et al. 2015). In line with this and taking a 
sectoral lens, this review draws on the framework as an analytical tool for 
promoting consideration of future needs and directions for WASH. Five of the 
nine planetary boundaries are closely connected to WASH, as described in 
detail below, including three that have already been transgressed. 

Importantly, the authors believe that the need to strive for environmental 
sustainability does not override the urgent and critical need to improve the 
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situation for those currently without water and sanitation services. Rather, 
we assert that progressive realisation of the human rights to water and 
sanitation must continue apace, within a framework that supports 
environmental sustainability.  

Literature analysis 

Our approach was to review and analyse environmental sustainability 
concepts in recent (2010–2016) academic and non-academic WASH sector 
literature. Recognizing the role that literature, and the discourse contained 
within it, play in constructing our realities (Phillips and Hardy 2002 cited in 
Onwuegbuzie and Frels 2014), a review of this nature helps us to reflect on 
what we (as a sector) are focusing on and making meaningful. Specific 
analysis techniques included both content analysis (deductive and inductive 
coding and counting of codes) and thematic analysis (identifying relationships 
and their links to the overall context), as described by Onwuegbuzie et al. 
(2012) and explained in further detail below. 

The first stage involved extensive searching of academic (peer reviewed 
journal articles) and non-academic (grey) literature to identify relevant 
material. Journals with a particular WASH focus were targeted, as were the 
sites of 18 sector institutions known for undertaking research and/or 
knowledge management activities. In addition, searches in a variety of 
academic databases and through both Google Scholar and Google were 
undertaken to identify further material. Search strings included combinations 
of phrases relating to “environmental sustainability”, “water supply”, 
“sanitation” and “WASH” depending on the target site. The initial search 
identified more than 2400 sources, of which 176 were found to be relevant to 
our inquiry based on appraisal of titles, abstracts and (if necessary) 
introductory content. During this appraisal process, an initial identification of 
themes was undertaken for use in subsequent coding. 

Documents selected for this stage of analysis were those that provided 
commentary on, or insight into, the ways the WASH sector approaches 
research, policy and programming with respect to environmental 
sustainability. In other words, they enabled an analysis of what topics and 
ideas are considered important as well as accepted “ways of doing things” at 
a sector or programmatic level. Excluded from the analysis were project 
design documents and reports as well as highly technical papers about 
specific aspects of technologies. Some material that focused on technologies 
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was included in instances where technologies were explored within a 
broader discussion of environmental sustainability. We maintained a core 
focus on literature that was substantially concerned with domestic water 
supply and sanitation in the developing world, rather than material that 
incidentally mentioned services within a discussion of water resource 
allocations and management or climate change. Unsurprisingly however, 
many of the sources selected do sit at the interface of WASH and water 
resource management or climate change, given the close relationship 
between service delivery and these environmental dynamics. 

The second stage involved content analysis and coding of each of the 176 
sources based on titles, abstracts, executive summaries and a rapid scan of 
full text using: (i) themes identified during the initial search phase; (ii) 
additional content-driven themes that emerged during the coding process 
(using an iterative process to apply emerging themes to previously coded 
material); and (iii) themes relating to selected analytical lenses including 
SDG6 targets and planetary boundaries. Coding was done by one researcher 
using Mendeley reference management software and Excel, and reviewed by 
a second researcher. In total 62 codes were used, which were later grouped 
into a smaller number of themes based on similarities between codes. This 
coding process facilitated a quantitative assessment of themes present in the 
literature to identify patterns in topics of interest and co-occurrence. Also 
during this stage, a subset of the 40 sources that provided more in-depth 
insight into identified themes were selected for closer reading and analysis.  

The final thematic analysis stage, based on in-depth review of the 40 selected 
sources, elucidated themes to enable nuanced analysis of how areas of 
interest were presented and discussed. These were then considered with 
reference to the planetary boundaries framework to prompt identification of 
areas where opportunities exist to increase focus and action on 
environmental sustainability. This process was also supported by reflecting 
on the relevance of themes and proposed future directions with reference to 
SDG6.  

Limitations 

A first limitation of the review is that it only includes English language 
literature and therefore may have missed relevant and insightful material. 
Related to this, the focus was on aid and development WASH literature, so 
sources from national and subnational levels that may present different 
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themes and discourses, informed by different cultures and contexts, were 
not considered. In addition to the necessity of reviewing a manageable 
quantum of material, the rationale for this focus was the fact that across 
diverse international contexts, aid sector literature is influential in driving 
how WASH service delivery is approached, so it is worthy of analysis in its 
own right. 

A further limitation is the inherent risk in any literature search process that 
relevant sources may be missed. This is particularly the case for a topic as 
broad as environmental sustainability. Efforts were made to triangulate 
search results by using variations of keywords in search strings (across target 
databases and organisational sites) to check whether any new relevant 
material emerged. Despite these efforts, it is reasonable to assume that 
some relevant material was missed. 

Finally, the analysis leans more towards practice than theory, given that this 
is the dominant focus of WASH sector literature. As such, the review offers 
valid and valuable insight into sector discourse, but does not engage with 
potentially relevant theoretical explorations of, for example, the links 
between water, the natural environment, politics and power. 

OVERVIEW OF LITERATURE 

The 176 sources reviewed through the second stage process gave relatively 
equal attention to water and sanitation, with approximately 30% focused on 
each and the remaining 40% covering both. The split between academic and 
grey literature was relatively equal. The representation of different regions in 
the reviewed literature shows 42% of sources taking a global or cross-
regional perspective, 22% focused on Africa, and smaller proportions 
considering other regions across South Asia (13%), East Asia (12%), Latin 
America (8%), the Middle East (2%) and the Pacific (1%). There was a slightly 
stronger focus on urban (22%) compared with rural areas (14%), though 39% 
addressed both. It is noteworthy that a quarter of all sources did not 
explicitly focus on either urban or rural contexts, indicating a more 
conceptual focus.  

From the coding process, six topic areas emerged as the most strongly 
represented in reviewed sources: water security; water resource 
management; climate change; environmental pollution arising from 
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inadequate sanitation; reuse; and environmentally oriented technologies (for 
instance technologies represented as having strong environmental 
credentials such as use of locally sourced materials, low energy use or the 
facilitation of reuse). The numbers of sources that focused on each topic, and 
the proportions of the reviewed literature that focused on each topic, are 
shown in Figure 2. Figure 3 shows the proportions of academic and grey 
literature for each topic, indicating a stronger representation of academic 
material across technology, reuse and sanitation pollution topic areas, and a 
greater contribution from grey literature sources on climate change, water 
resource management and water security. 

Figure 2 Common topics in reviewed literature (note that documents may be represented 
across multiple categories where applicable) 
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Figure 3 Proportions of academic and grey literature for common topics 

These topics informed identification of themes in current literature, and as 
such most of them are elaborated below. It is, however, important to note 
two points. Firstly, while technologies were represented in a fifth of the 
reviewed literature, there was strong overlap between this material and 
other themes including reuse (with more than half these sources also 
discussing reuse opportunities) and limited additional insight was offered by 
a more specific review of technology-focused material, so we did include this 
as an emerging theme. Secondly, the distinction made between water 
security and water resource management requires explanation. While these 
two topic areas obviously overlapped, WASH literature typically focused on 
water security for people (as discussed below) and only a third of the water 
security literature (n=21) explicitly considered water security as linked to 
water resource management. For this reason they were treated as two 
distinct topic areas, however insights from sources with a specific water 
resource management focus did not add value to the in-depth analysis, and 
this material is therefore reflected within the elaboration of water security. 

EMERGING THEMES 

This section presents and discusses four themes which relate to the topic 
areas described above and draw from the in-depth analysis of the 40 most 
relevant sources: (i) the perceived tension between environmental 
sustainability and development imperatives; (ii) water security as a potential 
bridge between service delivery and environmental sustainability; (iii) 
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responding to environmental threats such as climate change; and (iv) water 
and sanitation services offering opportunities to contribute to environmental 
sustainability. These themes are interlinked and in some aspects cover 
related content, yet each offers a distinct perspective on how WASH sector 
literature engages with concepts of environmental sustainability. Following 
the analysis of themes, we consider them with reference to the planetary 
boundaries framework. 

Development and environment in tension 

Despite “sustainable development” being a decades-old concept which brings 
together economic, social and environmental goals with a view to providing 
for both present and future generations (WCED 1987), economic and social 
development and environmental sustainability have often been seen as 
being in competition with each other (Melamed et al. 2012; Atkinson et al. 
2014). Considering environmental outcomes along with development and 
poverty reduction has been seen as “too hard” in situations where simply 
meeting basic needs is challenging. The time dimension is also important 
here, with human development an urgent concern and environmental 
protection often presented as something to be resolved or “dealt with later”. 

The WASH sector reflects this dichotomy, with both the “too hard” and “deal 
with it later” perspectives evident in the reviewed literature. In analysing the 
role of the environment as a “silent partner” in Latin-American urban WASH 
programs, Keatman (2012) observed that environmental considerations were 
given far less emphasis than issues of finance, technology, equity and poverty 
alleviation, and were seen as complicating the already significant challenge of 
improving access. In this context, despite general recognition that 
environmental protection would benefit upstream and downstream users, it 
was considered “something to tackle at a later stage” (Keatman 2012). 
Similarly, Batchelor et al. (2011) described the WASH sector as slow to 
respond to risks due to the focus on “more immediate challenges”, Mehta 
and Movik (2014) noted the tendency for those promoting water service 
delivery to neglect environmental considerations despite recognizing the 
importance of the natural resource base, and Bradley and Bartram (2013) 
asserted that for some in the sector, the urgency of household sanitation 
provision overrides the need for full excreta management. 

Factors contributing to the perceived tension between environment and 
development in the WASH sector and beyond relate to the physical and time 
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scales at which we typically conceive the two. The international development 
sector has predominantly measured progress with reference to individuals, 
whereas environmental dynamics are often analysed at global, regional or 
local (beyond household) scales (Melamed et al. 2012). A similar disjunct 
relates to time, with service delivery a short-term urgent need for current 
populations, in contrast with often longer-term environmental issues that will 
most likely affect future generations (Melamed et al. 2012; Keatman 2012). 

For the WASH sector, it is important to recognize these tensions if we are to 
better contribute to environmental sustainability through current 
approaches. There is promise in the renewed SDG agenda, which is 
substantially broader in scope than its MDG predecessor and includes a 
number of beyond-household objectives within the integrated water and 
sanitation goal. This optimism was reflected in the post-2015 consultation on 
WASH and environmental sustainability, which found that “the environmental 
and development communities are gradually superseding their respective 
misperceptions that WASH and environmental sustainability are 
unconnected and/or may compete for resources and political attention” 
(Post-2015 Water Thematic Group 2013). The challenge is to embrace this 
agenda as a prompt to move beyond our current focus on individuals and 
their urgent needs, such that realisation of the rights to water and sanitation 
achieves sustainable services for future, as well as current, generations and 
does not adversely impact ecosystems. 

A helpful way of conceptualizing how we can achieve human development 
and environmental sustainability is offered by Raworth (2012) in her 
adaptation of the planetary boundaries framework. Raworth (2012) proposed 
the addition of “social boundaries”, advocating the need to define a “safe and 
just operating space for humanity” (emphasis added) that accounts for both 
earth system limits (described as the “environmental ceiling”) and basic 
human rights (the “social foundations”). The resulting framework offers a 
doughnut-shaped “safe and just space”, bounded at the centre by a set of 
social foundations (Figure 4). Further work is required to develop the social 
dimensions within this framework, which are at present only illustrative 
(Raworth 2012; Raworth 2013). For the WASH sector, there is an opportunity 
to develop ideas about how to link the “safe” and the “just” at the local level, 
where the connections are most meaningful for people and the 
environments that support them. 
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Figure 4 A safe and just operating space for humanity (Raworth 2012) 

Water security as a bridge between WASH and environmental 
sustainability 

The second theme relates to the concept of water security. The way water 
security is defined and discussed in WASH literature is critiqued here, and we 
consider its potential to bridge service delivery and environmental 
sustainability goals with reference to limitations apparent from the reviewed 
material. 

In recent years use of the term “water security” has been increasing in policy 
and academic circles across the water sector (Cook and Bakker 2016). In the 
WASH sector, the term emerged within post-2015 discussions as a 
conceptual tool to help us move beyond the narrowly focused MDG “access” 
agenda towards a broader understanding of service delivery within a wider 
water management framework (Bradley and Bartram 2013). Many concepts 
associated with water security are not new, given the close relationship 
between water security and Integrated Water Resource Management (IWRM). 
Yet in recent WASH sector literature, water security has attracted more 
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interest than IWRM, perhaps because “security” terminology conveys a sense 
of urgency related to water crises and the scale of unmet needs, and 
therefore has the capacity to raise the issue on the political agenda (Pahl-
Wostl et al. 2016). 

There is no one agreed definition of water security, with interpretations 
ranging from an emphasis on meeting basic human needs through to 
incorporation of ecosystem needs (Pahl-Wostl et al. 2016). The reviewed 
WASH literature reflected this, with definitions spanning those emphasizing 
access to water (e.g. Calow et al. 2011) and those encompassing broader 
livelihood, development and environmental goals (e.g. Chiappe et al. 2015). In 
the latter, water security was presented both as a driver (at the political and 
practical levels) for integrated approaches to WASH service delivery and 
water resource management, and as a conceptual tool that can help us find 
practical ways to implement those approaches. It was seen as useful when 
considering services at multiple scales, including local contexts on which 
WASH programs typically focus (Bunclark et al. 2011). 

An exploration of the potential for the concept of water security to contribute 
to improved domestic water and sanitation was provided by Bradley and 
Bartram (2013), who adopted Grey and Sadoff’s (2007) often cited definition 
of water security as “the availability of an acceptable quantity and quality of 
water for health, livelihoods, ecosystems and production, coupled with an 
acceptable level of water-related risks to people, environment and 
economies”. Bradley and Bartram (2013) argued that the MDG focus on the 
household as a unit of analysis diverted attention away from both “upstream” 
(water source reliability) and “downstream” (sanitation pollution) concerns. 
They asserted that a definition of water security that addresses both 
provision and risk offers an opportunity to promote increased access to water 
and sanitation in a way that encompasses previously neglected areas of 
critical importance to the sector, including water source management (which 
requires, among other things, responding to pressures such as climate 
change) and environmental contamination related to pollution from 
inadequate sanitation.  Importantly, the concept of water security is linked to 
the human rights to water and sanitation, with Bradley and Bartram (2013) 
arguing that benefits arising from applying a water security lens to domestic 
water and sanitation challenges will only arise if “enlightened by human 
rights insights”.  
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In reflecting on the potential of water security to strengthen the links 
between WASH and environmental sustainability, it is helpful to consider 
three limitations evident in the reviewed literature. Firstly, there was a 
common perception that WASH service delivery does not present a threat to 
water security for people or nature at the global scale. Some studies have 
argued that physical water scarcity has been overemphasized in the sector 
(Bunclark et al. 2011; Calow et al. 2011; Mason and Calow 2012) with scarcity 
of basic services seen as being more appropriately conceived of as resulting 
from issues of access, equity and governance (Calow et al. 2011). This view 
derived from the fact that non-domestic sectors such as agriculture account 
for the vast majority of current freshwater demand (Corcoran et al. 2010) and 
from estimates that the quantity of water required to meet basic water and 
hygiene is  <1% of available freshwater resources in most countries 
(assuming delivery of 50 litres/capita/day) (Doczi et al. 2013). 

Yet this calculation neglects the fact that domestic water use in low-income 
countries already averages 8% of total freshwater removal (UNEP 2007 cited 
in Rognerud et al. 2016), and the important consideration that the availability 
of water for domestic consumption depends greatly on the levels of service 
provided (Doczi et al. 2013). Community-scale programs are unlikely to put 
significant pressure on freshwater resources (except in water scarce 
environments), but ever-increasing quantities of water delivered to rapidly 
growing urban populations will, with demand from these populations likely to 
be significantly higher than 50 litres/capita/day (LCD). For example, in urban 
contexts recent literature has reported much higher water demand figures 
of, for example, ~150 LCD in Can Tho, Vietnam (Retamal et al. 2011) and ~200 
LCD in Port Vila, Vanuatu (Poustie and Deletic 2014). As economic 
development progresses, it is likely that higher demand will follow (Rognerud 
et al. 2016), given that domestic water consumption in developed countries is 
approximately six times that in developing countries (Shiklomanov 1999 cited 
in Corcoran et al. 2010). Compounding the problem is the fact that the 
collective impacts of increasing water demand on a particular water resource 
are rarely assessed (Bunclark et al. 2011). 

A second possible limitation to the potential of water security to bridge 
service delivery and environmental sustainability is the relatively limited 
overlap of water security/WASH literature with literature focused on 
sanitation pollution. While sources focused on water security note risks to 
water quality and hence water security resulting from poor management of 
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excreta and wastewater (e.g. Bradley and Bartram 2013), “water security” as a 
potentially useful concept has yet to strongly enter literature more directly 
focused on sanitation pollution. Only a small proportion of the sources that 
focused on sanitation pollution mentioned water security (12%, n=7 of 58).  
Whether the concept of water security can contribute to improved models of 
wastewater and excreta management (towards meeting SDG6 targets) is yet 
to be determined. 

The third limitation is that it remains to be seen how the WASH sector’s 
embracing of water security will translate into practical outcomes. To date 
literature on water security has tended to focus at a theoretical level, 
exploring its boundaries and potential but with somewhat limited relevance 
to policy and practice (Bakker 2012; Mason and Calow 2012). Water security 
needs to be transformed from an abstract concept into meaningful and 
practical approaches or tools, but this is a challenging task. It requires 
developing ways to measure water security, which is problematic given the 
spatial and temporal variability inherent to water systems and given that 
“indicators are usually only relevant at a particular spatial or temporal scale” 
(Mason and Calow 2012). 

Despite these limitations, the increasing presence of water security as a 
relevant concept in WASH discourse holds promise in that it reflects a move 
to encompass both human and environmental water resource management 
objectives. As we strive to achieve the integration agenda presented by the 
SDGs there is an opportunity to both draw on and shape ideas about water 
security to inform environmentally sustainable approaches to service 
delivery. For this to be effective, we need to promote a sector-wide 
conception of water security that embraces services for people as well as 
upstream and downstream concerns. 

Responding to environmental threats 

Related to concepts of water security, the idea of services being threatened 
or at risk due to environmental pressures has emerged as a theme within 
WASH literature. This is relevant to understanding the WASH sector’s 
engagement with environmental sustainability, as the ways we respond to 
threats and risks will have implications for resources and ecosystems. The 
focus of the literature was predominantly on climate change and associated 
threats, though issues of freshwater availability and quality more generally 
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also featured (and are strongly associated with the water security discourse 
discussed above).  

With reference to climate change, the WASH sector was depicted as 
vulnerable to current climatic variability (Doczi 2013) and under significant 
threat from climate change impacts – such as changes in rainfall, 
groundwater recharge and climate extremes – in the medium to longer terms 
(e.g. Batchelor et al. 2011; Calow et al. 2011; Heath et al. 2012; Doczi 2013; 
Oates et al. 2014). Impacts were presented as well-acknowledged and 
inevitable, though the location, scale and timing of threats is uncertain 
(Batchelor et al. 2011; Heath et al. 2012; Doczi 2013). The literature strongly 
focused on risks to water systems, and Calow et al. (2011) noted an absence 
of material exploring the specific links between climate change and 
sanitation. Nevertheless, increasing awareness of vulnerability to climate 
change across the sector has prompted a proliferation of tools to support 
adaptation and resilience, though as (Doczi 2013) pointed out, many of these 
are supply-driven and there is little evidence of user demand (for a review of 
tools see  Doczi 2013). 

Of interest in this literature are the types of service delivery and 
management responses advocated, which fall broadly into two categories: 
“climate proofing” and integrated adaptation measures. Each of these has 
implications for environmental sustainability and for service sustainability, so 
they are relevant to this discussion.  

Literature promoting “climate-proofing” solutions has presented climate 
change risks as relevant due to their capacity to disrupt water and/or 
sanitation services. This framing is reactive, dominated by strategies for 
fostering more robust and resilient services. Responses advocated have 
included increasing redundancy in water supply systems by augmenting 
storage capacities (e.g. UNICEF/GWP 2015; Batchelor et al. 2011), adapting 
technologies to be resilient to climate impacts (Calow et al. 2011), and relying 
more on apparently less vulnerable sources such as deeper groundwater 
aquifers (Calow et al. 2011). Calow et al. (2011) noted that in national 
adaptation plans, supply-side solutions (such as increased water storage) 
were favoured over demand-side alternatives (such as improved efficiency or 
more equitable allocation). This aligns with  Mehta and Movik's (2014) 
observation that “often technology is evoked to solve problems of water 
scarcity”. 
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Yet ironically, while these solutions have been proposed in response to 
environmental pressures, there was little evidence that the environmental 
implications of suggested technological fixes have been considered. “Climate 
proofing” solutions that rely on building bigger, stronger infrastructure will 
inevitably have flow-on environmental effects including both local (e.g. over-
extraction of water) and diffuse (e.g. GHG) impacts. One example is that of 
groundwater, which is promoted by some authors as a potentially more 
reliable source with capacity to offset increasing scarcity of surface water, 
despite acknowledgement that groundwater risks from climate change are 
poorly understood (Bunclark et al. 2011; Calow et al. 2011) and already 20% 
of the world’s aquifers are over-exploited (WWAP 2015 cited in Rognerud et 
al. 2016). Potential impacts were given less prominence in a discourse 
framed around “solving” environmental problems, but there is opportunity 
for the WASH sector to take a more nuanced approach, thinking not only 
about protecting services from threats, but also about how services can 
either exacerbate or ameliorate environmental pressures. 

Some WASH literature takes a more environmentally sensitive approach, 
asserting that to achieve resilient services we need to embed WASH within 
resource management, focus on demand-side solutions, and strengthen links 
between governance of WASH and environment. Hadwen et al. (2015) 
proposed considering WASH within an IWRM approach as a means of 
bringing together economic efficiency, equity and environmental 
sustainability goals, noting that WASH has typically focused on equity 
(services for all) while IWRM has emphasized economic and environmental 
drivers. Examples of interventions to protect water quality which can both 
reduce health risks and achieve environmental outcomes include riparian 
restoration and improved land management practices (Dosskey et al. 2010 
cited in Hadwen et al. 2015). Demand-side solutions to relieve pressures on 
water supply systems were proposed by Poustie and Deletic (2014) including 
rainwater capture, increased water efficiency and demand management. 
Interestingly, both Hadwen et al. (2015) and Poustie and Deletic (2014) 
focused on Pacific Island countries, which perhaps reflects the more 
immediate environmental pressures faced by these communities and the 
consequent need to position WASH within broader environmental 
sustainability endeavours. A complementary approach was suggested by 
Batchelor et al. (2011) who emphasized the importance of governance 
reform for effective integration and adaptation. This includes rethinking 
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institutional arrangements to address current constraints associated with 
environment departments (who typically oversee climate change initiatives) 
being on the periphery while WASH departments are more central (Batchelor 
et al. 2011).  

Common in this literature (across both “climate proofing” and “integration” 
perspectives) is the assertion that to better manage environmental risks and 
uncertainties, we need improved data and knowledge, with climate change in 
particular putting a premium on information about water resources (Doczi 
2013; Hadwen et al. 2015; Calow et al. 2011). As Calow et al. (2011) assert, 
“few countries know about the quantity, quality, distribution and reliability of 
their water resources, about how they are being used, or which water 
sources are functional”. To appropriately respond to the threats presented by 
climate change and other environmental pressures, it will be critical to 
improve the ways in which we collect and share data to ensure our solutions 
don’t become future environmental problems. 

WASH as an environmental opportunity 

The fourth theme in the current discourse frames sanitation and water 
service delivery as presenting opportunities to contribute to environmental 
sustainability. This literature goes beyond the harm minimisation perspective 
evident in sanitation pollution literature and promotes potential 
contributions to critical sustainability concerns related to nutrients, energy 
and water scarcity. Central to this discourse is literature on ecological 
sanitation, though the potential for WASH to contribute to sound watershed 
and ecosystem management is also evident (for example Edmond et al. 
2013). Around 60% of documents coded as reflecting an “environmental 
opportunity” theme come from academic sources, which is an interesting 
contrast to material focused on links between WASH and water security or 
climate change, of which 60% and 73% respectively are from non-academic 
sources. This likely reflects the emphasis to date within “environmental 
opportunity” literature on theory or pilot-scale programs rather than more 
widespread practice, as discussed below.  

The potential benefits of reusing wastewater and excreta were described as 
significant for water, food, nutrient and energy security. With reference to 
water security, the use of wastewater for irrigation is proposed as a solution 
to increasing water scarcity and competition (Hanjra et al. 2012) in a context 
where 70–90% of global available fresh water is used for agriculture (WWAP 
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2014 cited in Rognerud et al. 2016). This links to food security, as does 
literature promoting the potential of using nutrients from sanitation to 
reduce our dependence on increasingly scarce mineral reserves (Cordell et al. 
2009; Rosenqvist et al. 2016) while simultaneously reducing pollution by 
preventing the return of nutrients to the environment. Corcoran et al. (2010) 
presented typical nutrient concentrations in effluent, asserting that effluent 
has the capacity to provide all the nitrogen and much of the phosphorus and 
potassium needed for agricultural crop production, in addition to other 
beneficial micronutrients and organic matter. With reference to energy 
security, some literature focuses on biogas from human waste as a potential 
alternative to fossil fuels (e.g. Doczi et al. 2013), however this was less 
prevalent in the reviewed literature. 

The benefits of reuse were typically presented with words of caution related 
to health, behavioural and economic aspects, and these are important areas 
to consider when exploring how to capitalize on the potential contribution of 
sanitation and water services to environmental sustainability. As noted by 
Hanjra et al. (2012) frameworks for protecting human health and the 
environment when planning wastewater reuse are lacking in most developing 
countries, and many of the potential impacts (such as imbalances in 
microbiological communities) are not yet well understood. On the 
behavioural side, proper management and user acceptability (particularly in 
cultural contexts in which reuse of human waste is taboo) are noted as 
significant constraints (Kennedy-Walker et al. 2014). With reference to 
economic aspects, the literature is mixed. Some sources pointed to 
potentially higher costs associated with reuse infrastructure (e.g. Abraham et 
al. 2011), while others asserted that reuse actually presents a value 
proposition with sales from products such as faecal sludge able to generate 
profits that could in turn be used to support the sanitation service chain (e.g. 
Diener et al. 2014; Tilmans et al. 2014). 

Across the literature, two scales of focus were evident: conceptual big-picture 
material extolling the potential of resource reuse (e.g. Cordell 2009; Corcoran 
et al. 2010), and reports of highly localized pilot programs, with little in 
between. Although reuse has been promoted in the sector for more than 15 
years, including through the Principles for urban environmental sanitation 
(2000) and the ecological sanitation “toolbox” released by GIZ in 2003, the 
impact of this in driving stronger adoption of “ecological” technologies in 
cities is not evident (Kennedy-Walker et al. 2014). Similarly, reports from rural 
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areas are often small scale and confined to a few locations, with limited 
attention given to the potential for more widespread application (e.g. Arafat 
and Rahman 2010; Abraham et al. 2011; Kamuteera 2011; Okem et al. 2013). 
In keeping with ideas from the field of transition studies about the scales at 
which socio-technical shifts occur (as described in Geels 2011; Lawhon and 
Murphy 2012), current discourse indicates that resource reuse approaches 
currently operate at the  “niche” (micro) scale and are yet to move into the 
“regime” (meso) or “landscape” (macro) scales that would reflect wider 
adoption in the sector and society at large. This is discussed further below 
under future directions. 

Nevertheless, the presence of this theme in WASH discourse is promising. If 
we can identify strategies to support a shift in the practical application of 
ecological sanitation approaches from the niche level to the landscape scale 
(including in growing urban centres), then the potential for WASH to 
contribute to environmental sustainability will be significant. As Bradley and 
Bartram (2013) assert: 

in water and sanitation beneficial use of wastewater and excreta is the great 
scientific, technological and environmental challenge or opportunity of the 
coming quarter-century and is of special relevance to poor rapidly 
developing countries. There are doubts about the economic feasibility of 
classical sewerage and about its logic: to dilute excreta with precious water 
and then separate the two again is costly and energy-intensive. 

FUTURE DIRECTIONS – INSIGHTS FROM A PLANETARY BOUNDARIES 
PERSPECTIVE 

This section considers current themes in WASH discourse with reference to 
the planetary boundaries framework. The assessment helps us gauge the 
extent to which our focus as a sector aligns (or not) with a clear set of earth 
system processes fundamental to environmental sustainability, and prompts 
us to contemplate what else we could or should be considering. The 
discussion then proposes four “future directions”, which are areas where 
opportunities exist for the WASH sector to increase focus and action to 
strengthen our contribution to environmental sustainability as we ramp up 
efforts towards progressive realisation of the human rights to water and 
sanitation. Where relevant, reference is also made to SDG6 and its water 
resource management targets. 
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Planetary boundaries and themes in reviewed literature 

As noted earlier, the planetary boundaries framework offers a useful way of 
engaging with fundamental socio-ecological systems and processes that 
constitute environmental sustainability. The framework is relevant and useful 
for sustainable development discourse (Griggs et al. 2013; Pisano and Berger 
2013), but further thinking needs to be done about what it might mean in 
practice for different sectors, actors and scales. For the WASH sector, there is 
potential to explore how the planetary boundaries framework might prompt 
more environmentally sustainable approaches. Five of the nine boundaries 
are directly affected by flows and processes associated with WASH service 
delivery, particularly given the dominant paradigm of water-borne sanitation 
(Ross et al. 2015).  

Table 1 presents the five planetary boundaries most relevant to WASH and 
assesses how each of the boundaries is reflected in the reviewed literature. It 
is important to note that this assessment is preliminary and based on a 
review of general “environmental sustainability” literature rather than a 
detailed analysis of the overlaps between boundaries (with each boundary 
having its own terminology) and WASH resources, and each could reasonably 
be the subject of an entire review. Nevertheless, the assessment is helpful for 
prompting consideration of potential future directions for the sector. 
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Table 1 Planetary boundaries, their relevance for WASH and representation in reviewed 
literature 

Planetary 
boundary 

Relevance for WASH services Reflection in reviewed literature 

Global 
freshwater use 

Centrally implicated in water supply 
(including for hygiene needs) and 
water-based sanitation. While the 
global freshwater use boundary 
remains classified within the “safe” 
space, the spatial distribution of 
freshwater determines varying 
regional thresholds for safe use 
(Rockström et al. 2009). Many regional 
water systems are already 
experiencing scarcity (Gleick and 
Palaniappan 2010) and it is forecast 
that by 2050, 40% of the global 
population will live in areas facing 
water stress (Rognerud et al. 2016). 

Reflecting SDG6 targets, emerging 
literature highlights the need for WASH 
professionals and communities to 
better manage water resources at local 
scales in terms of both upstream and 
downstream considerations. Concerns 
about declining freshwater availability 
and quality were expressed in 
discussions related to water security 
and climate change. To date, the 
emphasis has been on potential risks 
to WASH services and the need to 
consider water resources as part of the 
service delivery landscape, with less 
focus on practical ways to address 
emerging challenges related to 
freshwater availability and quality. 
Further, potentially important 
considerations such as efficiency of 
water use have not received attention.  
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Planetary 
boundary 

Relevance for WASH services Reflection in reviewed literature 

Nitrogen and 
phosphorous 
cycles 
(biochemical 
flows) 

Sanitation presents both a challenge 
and opportunity for the safe 
functioning of these biochemical flows. 
Recent research estimates that 
sanitation treatment systems in 108 
low- and middle-income countries 
remove only 11% of nitrogen and 17% 
of phosphorous from human excreta, 
with the balance discharged into the 
environment (Fuhrmeister et al. 2015) 
where it contributes to eutrophication 
of aquatic and marine systems 
(Rockström et al. 2009). Intentional 
reuse of N and P from excreta has the 
potential to both reduce this 
environmental impact and help meet 
demand for P fertilizers to support 
food security (and livelihood) needs in 
the context of increasing scarcity of 
mineral rock phosphate reserves 
(Cordell et al. 2009). 

The potential for sanitation 
approaches that take account of 
nitrogen and phosphorous cycles was 
described in the literature, however 
the focus was limited to smaller scale 
local or pilot activities.  

Further, the literature focused on 
sanitation pollution did not specifically 
note issues related to nitrogen and 
phosphorous flows, which is a 
limitation given low removal ratesz 
from current treatment systems. 

Climate change WASH services contribute to climate 
change through the energy intensity of 
water and sewage systems (Ross et al. 
2015). Greenhouse gases (GHGs) 
including methane are emitted by 
water reservoirs (Deemer et al. 2016),  
municipal wastewater treatment 
plants (Campos et al. 2016), pit latrines 
(Reid et al. 2014) and septic tanks 
(Trular et al. 2016). Recent research in 
the United States found that GHG 
emissions from domestic septic tanks 
account for 1.5% of a person’s annual 
carbon footprint (Truhlar et al. 2016). 

The risks posed by climate change to 
WASH services were a significant area 
of concern in literature, though a focus 
on “climate proofing” approaches has 
potentially negative consequences. 
There is opportunity to develop 
responses that are environmentally 
sensitive and to more strongly 
consider the energy intensity and GHG 
emissions of water and sanitation 
infrastructure solutions. 
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Planetary 
boundary 

Relevance for WASH services Reflection in reviewed literature 

Novel entities Novel entities are defined by Steffen et 
al. (2015) as “new substances, new 
forms of existing substances, and 
modified life forms that have the 
potential for unwanted geophysical 
and/or biological effects…These 
potentially include chemicals and 
other new types of engineered 
materials or organisms.” Examples are 
endocrine disruptors and persistent 
organic pollutants. Novel entities can 
be added to domestic wastewater 
through human excreta (e.g. 
pharmaceuticals) or household 
chemicals (Kinney et al. 2006; Ross et 
al. 2015). 

Novel entities were not considered at 
all in reviewed literature, yet they are 
relevant to how we approach 
sanitation services (including 
treatment and reuse/disposal). This is 
of particular concern for urban areas 
with growing middle-income 
populations, where the use of 
household chemicals, personal care 
products and pharmaceuticals is 
increasing. 

Biosphere 
integrity 

Over-extraction of water and 
inadequate sanitation threaten 
freshwater and coastal ecosystems 
(Gleick 2003; Corcoran et al. 2010). 

There was limited explicit discussion in 
reviewed literature on water-related 
ecosystems. Freshwater ecosystems 
were noted to be beneficiaries of 
improved sanitation, but drivers were 
more often related to the availability of 
freshwater for human consumption 
than ecosystem integrity. 

Future directions 

Reflecting on both identified themes and their relevance to planetary 
boundaries, this review concludes by proposing four future directions for 
strengthening the contribution of the WASH sector to environmental 
sustainability: 

(i) Foster a “do more good” instead of “do less harm” approach
(ii) Focus on synergies and minimize trade-offs
(iii) Identify and address gaps in current focus
(iv) Support a transition of the reuse agenda from niche to regime

scale.

Each of these is explained and we propose ideas on starting points for the 
WASH sector. Suggestions are primarily directed at knowledge leaders (within 
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international WASH sector organisations) and researchers rather than 
practitioners, acknowledging that translating ideas into meaningful on-the-
ground actions will take thought and time. The intention is to flag the need 
for research and prompt creative thinking to inform these future directions in 
WASH.  

Do more good instead of do less harm 

The idea of fostering a “do more good” instead of a “do less harm” approach 
is implicit within the planetary boundaries framework. It dictates that we 
move beyond governance and management approaches based on limits to 
growth and minimizing negative externalities (Rockström et al. 2009), 
towards cross-sectoral consideration of strategies for remaining within a safe 
space for human development. The related imperative to “do more good” (in 
contrast to simply minimizing negative impacts) has been advocated by 
McDonough and Braungart (2002 cited in Corcoran et al. 2010) with 
reference to cradle to cradle production systems, and by Mitchell (2015) with 
reference to infrastructure. 

There is no blueprint for what this kind of approach might look like. There is 
an opportunity to start thinking in this way to prompt the development of 
new decision-making processes and metrics (Mitchell 2015). For the WASH 
sector, this will require carefully defining our objectives to include both 
access and environmental considerations, and remembering that how goals 
are achieved matters as much whether they are achieved. There are links 
here to water security and reuse agendas. Ecosystems (and the resources 
they support) can benefit from WASH programs that explicitly consider 
upstream and downstream dynamics, and undertaking freshwater 
conservation and WASH together can foster environmental stewardship 
(Edmond et al. 2013). Using nutrients extracted from human waste as an 
alternative to commercial fertilizers has positive flow-on effects for water 
quality (by reducing pollution), food security and mineral resource scarcity 
(Cordell 2009). 

Maximize synergies and minimize trade-offs 

Related to the idea of “doing more good”, the second recommendation calls 
for a shift in mindset and approaches towards emphasizing synergies and 
minimizing trade-offs. This recognizes the interdependence of earth systems, 
as transgressing one planetary boundary will shift others (Rockström et al. 
2009), and this reflects the interconnectedness of the SDGs. Ignoring the 
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overlaps between SDGs and focusing on meeting individual targets risks 
perverse outcomes (Nilsson et al. 2016). For example, increasing food 
production will likely increase diffuse water pollution which can negatively 
impact on water quality targets (Doczi et al. 2013). But conversely, as Nilsson 
et al. (2016) assert, if “mutually reinforcing actions are taken and trade-offs 
minimized, the agenda will be able to deliver on its potential”. There are 
numerous examples of potential synergies within the SDGs (as described by 
Nilsson et al. 2016) and the interdependencies between water goals and 
goals related to energy, food security and natural resource management are 
well recognised (Merrey et al. 2015). 

For the WASH sector, this thinking drives us in two directions. Firstly, we need 
to ensure that in striving to achieve water and sanitation access targets (6.1 
and 6.2) we don’t inadvertently undermine the achievement of related water 
resource management targets (6.3–6.6) or other SDGs with explicit 
environmental sustainability agendas (such as clean energy, sustainable cities 
and communities, climate action, life below water, and life on the land). This 
requires considering interconnections when designing our approaches. For 
example, sanitation solutions need to align with locally available water 
resources, so flush toilets might not be a preferable option in certain 
locations, even if this is the option desired by users. User preferences are a 
critical consideration, but resource availability is equally important. Another 
example is the need to account for energy requirements and GHG emissions 
associated with infrastructure solutions. This thinking can lead to further 
benefits. For example, designing systems that require less pumping and 
therefore have lower energy demands can result in significant cost savings 
over the life-cycle of water supply or sanitation systems (e.g. Willetts et al. 
2010).  

Secondly, we need a shift in mindset away from considering environmental 
sustainability as too hard or not urgent (as discussed above) towards thinking 
creatively about potential win-wins and how to capitalize on them. Many 
synergies between service delivery and environmental sustainability are 
evident in concepts such as integrated urban water management (e.g. Bahri 
2012) and the water-energy-food nexus (e.g. Weitz et al. 2014; Bhaduri et al. 
2015). There is also potential for multiple-use water systems to bring benefits 
across service delivery, food security and livelihoods. However, support for 
environmental sustainability efforts is also needed to better integrate 
resource and climate resilience into current approaches (Srinivasan et al. 
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2012). Finally, opportunities exist to integrate environmental sustainability 
into our advocacy of the human rights to water and sanitation. These rights 
include the obligation to provide services in a way that respects the 
environment and protects resources from overexploitation or pollution in 
order to ensure their availability for future generations (UN Special 
Rapporteur 2014). While acknowledging the magnitude of the challenge of 
getting basic services to those currently without them, approaching this task 
by seeking to maximize synergies between service delivery and 
environmental sustainability may prompt new thinking towards mutually 
beneficial outcomes. 

Identify and address key gaps 

Consideration of both planetary boundaries and the SDG targets reveals gaps 
in WASH sector considerations related to environmental sustainability, for 
example in areas of climate change mitigation, novel entities, biosphere 
integrity and water use efficiency (as a key component of freshwater 
management). Here, attention is given to novel entities and water use 
efficiency as examples.   

The presence of novel entities in water sources and wastewater is an area of 
concern in water sector literature globally, and particular risks for developing 
country contexts have been noted due to weaker regulatory frameworks 
(Tijani et al. 2013). Micro-pollutants relevant to domestic contexts derive from 
pharmaceuticals, personal care products and household chemicals, with the 
use of these increasing as populations and wealth grow (particularly in urban 
areas). These contaminants are not always or easily biodegradable and their 
effects are poorly understood. However, serious negative impacts on 
ecosystem and public health have been documented, including endocrine 
disruption, brain damage, cancer and reproductive disorders (Tijani et al. 
2013). As the WASH sector progresses initiatives to improve wastewater 
treatment and excreta management, we need to acknowledge the presence 
of novel entities and consider potential responses – including, for example 
behaviour change programs which include strategies for reducing their 
discharge, working with governments to strengthen regulations, and keeping 
abreast of advances in treatment approaches that may be applicable to 
developing country contexts. 

Water use efficiency is another area of opportunity currently neglected within 
WASH sector literature that can contribute to sustainable management of 

73



©IWA Publishing 2017. The definitive peer-reviewed and edited version of this article is published in 
Journal of Water Sanitation and Hygiene for Development, 7(2), 209-228, 
https://doi.org/10.2166/washdev.2017.130, and is available at www.iwapublishing.com. 

freshwater resources. SDG6 target 6.4 calls for a substantial increase in 
water-use efficiency, with proposed indicators collating efficiency 
improvements across significant water-using sectors including municipal 
water supply (IAEG-SDGs 2015). The proposed measure relates to 
unaccounted for water (network losses), and WASH initiatives can both 
contribute on this front and go beyond to also consider the promotion of 
water efficient technologies and behavioural strategies for enhancing water 
use efficiency through demand management, particularly in urban areas. 
This is an area in which significant work has been done by the wider water 
sector (e.g. Butler and Memon 2006; Araral and Wang 2013; Bao et al. 2013) 
that can inform WASH sector initiatives, particularly as per capita 
consumption rates rise and local experiences of water scarcity become more 
common. Increasing the focus on water efficiency is also relevant for water 
abundant areas, as managing demand achieves reductions in energy use and 
costs related to transport and treatment. 

Support a transition of the reuse agenda from niche to regime 

A final future direction is about supporting the transition of 
wastewater/excreta reuse initiatives from local to wider scales to capitalize 
on the environmental and food security opportunities presented by such 
approaches. For these initiatives (and for other changes we seek to make) it is 
appropriate to draw on ideas from transition studies and transition 
management literature. Transition studies is an emerging field that brings 
together insights from complexity science, innovation studies, sociology and 
environmental science to better understand and develop strategies for 
influencing the direction and pace of systemic change in societies (Loorbach 
et al. 2015). As described above, it characterizes a typical trajectory of socio-
technical shifts from niche to regime and ultimately landscape scales (Geels 
2011; Lawhon and Murphy 2011). Niche scales are areas of innovation and 
learning often operating independently of regime dynamics (Geels 2011). The 
regime level refers to established systems, practices, values, habits and 
institutional structures (Geels 2011). The institutions at this level play 
normative and regulatory roles and in doing so offer stability, but can limit 
innovation to incremental improvements (Geels 2005 cited in Haxeltine et al. 
2008). 

For the WASH sector, conceptualizing reuse opportunities in this way may 
assist in ultimately moving them beyond niche experimental scales towards 
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wider uptake. This requires reframing reuse as a necessary transition 
towards sustainability and positioning pilot initiatives (whether successful or 
not) within this transition, acknowledging that the path of change might be 
slow and challenging. It also requires targeting investment and research 
towards reuse with a view to enabling wider and longer-term uptake, for 
example by further developing strategies for minimizing health risks and 
investigating emerging concerns such as the presence of novel entities in 
excreta and wastewater. 

Two ideas from transition management could inform this shift. The first is co-
evolution, which recognizes that processes in technology, economy and 
society progressively build towards systemic change in the long term 
(Loorbach et al. 2015). For reuse programs, this creates a need to engage and 
align with the regime institutions that steer economic and social processes to 
maximize the impact of niche-level innovation, for example by working 
closely with governments at multiple levels to generate the social learning 
essential for transitions to succeed (Loorbach et al. 2015).  

The second idea refers to “tipping innovation’s cascade” and involves 
prioritizing actions that can trigger larger changes (Loorbach et al. 2015). In 
developing countries, investing in technologies and social programs that 
support reuse can avoid path dependencies that limit innovation and 
potentially trigger “technological leapfrogging” as has been seen in industries 
such as telecommunications but not yet in water (Poustie and Deletic 2014). 
The challenge for the WASH sector is to identify opportunities that progress 
innovation without compromising on core health and social outcomes. The 
barriers are many and the pathways are not always clear, but increasing risks 
to global sustainability as demonstrated by the planetary boundaries 
framework are a clear reminder of the need to try. 

CONCLUSION 

The significant challenge for the WASH sector in coming decades is to 
continue to promote safe, equitable service delivery for those living without, 
while not transgressing planetary boundaries or embarking on a path that 
will do so in the future. The ways we conceptualize and act on environmental 
sustainability will determine our success in this respect, including our 
capacity to achieve the integration agenda prompted by the SDGs. Taking 
stock of current WASH approaches to environmental sustainability, this paper 
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reviewed recent literature at the intersection of WASH and environmental 
sustainability, identifying and discussing four themes: a perceived tension 
between environmental sustainability and WASH development imperatives; 
the idea that water security is a helpful concept for bridging service delivery 
and environmental sustainability; different attitudes about how best to 
respond to threats such as climate change; and promotion of the 
opportunities offered by WASH to contribute to environmental sustainability. 

Themes from recent literature were considered with reference to the 
planetary boundaries framework as a comprehensive and helpful lens for 
grounding the socio-ecological systems and processes that constitute 
environmental sustainability. From this analysis, we proposed four future 
directions to strengthen the WASH sector’s focus on and contribution to 
environmental sustainability: fostering a “do more good” instead of “do less 
harm” approach; focusing on synergies and minimizing trade-offs; identifying 
and addressing gaps in current focus; and supporting a transition of the 
reuse agenda from niche to regime scale. In proposing these future 
directions, the intention is to encourage researchers and knowledge 
institutions to adopt more ambitious and creative service delivery 
approaches that better integrate access and environmental sustainability 
imperatives. 
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3.4 Critical reflections on the published review 

Considering the published review in the context of the whole inquiry, I identify two 

critical reflections that informed subsequent parts of this inquiry. The first relates to 

the review’s application of the planetary boundaries framework as a heuristic for 

assessing WASH literature. The planetary boundaries framework had a rapid rise 

to prominence, informing SDG policy dialogues (Griggs et al., 2013; Hajer et al., 

2015; Pisano & Berger, 2013) and attaining >3,500 citations in scientific literature in 

the decade since its publication (Downing et al., 2019). In sustainability literature, 

the planetary boundaries concept has become a reference point – it is the rationale 

for action and a means for determining which issues warrant focus. Reviews of how 

the planetary boundaries concept has been applied point to limitations, such as 

insufficient integration of social dimensions (Downing et al., 2019; Drees et al., 

2021) and challenges applying the boundaries at different scales (Bunsen et al., 

2021; Montoya et al., 2018). 

My application of the planetary boundaries framework – to assess the presence or 

absence of relevant ideas in WASH discourse – can be similarly critiqued as 

lacking nuanced discussion of social, and local, dimensions. While acknowledging 

this critique, I maintain the usefulness of applying the framework as a heuristic to 

identify issues warranting greater WASH sector focus, which was a novel approach 

for considering WASH-sustainability interconnections. Nevertheless, the planetary 

boundaries framework was not an appropriate lens for subsequent analyses in the 

inquiry or its synthesis given their focus on national and local scales (in studies 2 

and 3 respectively) and intent to identify ways for WASH professionals to 

meaningfully connect sustainability and social imperatives. 

A second and related reflection is whether insights from sustainability 

transformations scholarship may have driven the literature review in different 

directions. In the 5 years since the review was published my interest in 

sustainability transformations scholarship has expanded as the field has grown (as 

described in section 1.3). In the published review I drew on transition studies and 

the multi-level perspective to identify co-evolution and ‘tipping innovation’s cascade’ 

as strategies for supporting a scale-up of sanitation reuse from niche to regime 
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levels. These ideas remain relevant, though imply stepwise rather than 

transformative changes. Insights from sustainability transformations may have 

prompted equal focus on ‘deeper’ leverage points related to purpose and mindsets 

(Abson et al., 2017; Waddock et al., 2020) as discussed in section 7.2, and on 

more nuanced conceptions of scaling up such as those described by Lam et al. 

(2020) as discussed in sections 7.3 and 7.9. 

3.5 Approach to reviewing more recent WASH discourse 

To update the review of WASH discourse and sustainability, I undertook a critical 

review of literature published between 2017–2021. A critical review (as described 

by Grant & Booth, 2009) analyses the conceptual contributions of different literature 

sources, taking stock and evaluating how a body of work engages with the 

research topic. In this case, I reviewed literature to assess how themes and future 

directions identified in the original review were reflected, developed and/or 

contradicted in more recent work. Academic literature was identified through 

searches of SCOPUS and Google Scholar using the same search strings as the 

original systematic review plus terms related to themes and future directions. I also 

reviewed non-academic literature from key WASH sector organisations such as 

UNICEF and the World Health Organization (WHO) – adopting a pragmatic 

approach to ensure the inclusion of relevant grey literature while not repeating a 

systematic search process. Titles and abstracts were scanned for relevance, with 

the most relevant documents reviewed in full for thematic insights and overall 

framing of sustainability. Documents were reviewed and tagged in Mendeley with 

insights captured in Airtable, using the software’s database functionality to identify 

and analyse themes across sources. 

Insights presented in this section draw from the critical review as well as targeted 

literature reviews completed for each of the inquiry’s subsequent studies. Study 2 

reviewed literature at the intersection of water service delivery and groundwater 

resource management, as presented in publication 2 (Chapter 4). Literature 

pertaining to sanitation-related reuse was reviewed for study 3 (publication 3, 

Chapter 5), including a focus on system costs and their distribution. Sustainability 

transformations literature reviewed for study 4 (publication 4, Chapter 6) informed 
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the analysis of WASH discourse as reflecting an instrumental conception of 

sustainability, rather than one which highlights the interdependence of people and 

earth system resources (discussed in section 3.8). 

3.6 How have the published review’s themes and future directions been 

addressed in more recent literature? 

Table 4 documents how themes identified in the systematic literature review have 

since been reflected, developed, or contradicted in more recent work. The updated 

review identified a key shift in WASH engagement with climate change. This theme 

is flagged in the table and elaborated in section 3.7. 

Table 4 Exploring how recent literature has addressed themes and future directions 

Themes and future 
directions from 
2017 review 

Insights from more recent literature 

THEMES 

Theme 1: 
Development and 
environment in 
tension 

The perceived tension between development and environment was not 
a theme in 2017–2021 literature, with increasing acknowledgement of 
the importance of environmental sustainability considerations in WASH. 
Since publication of the original review, the integrated agenda of the 
SDGs is more widely reflected in WASH literature (e.g. Dwipayanti et 
al., 2017; Herrera, 2019; MacDonald et al., 2017; Roy & Pramanick, 
2019; Workman et al., 2021). However, limitations are recognised, for 
example Herrera (2019) notes the integration of broader sustainability 
considerations in WASH metrics but questions the practical relevance 
of integrative approaches given local governance challenges. Further, 
although environmental considerations are no longer presented as ‘too 
hard’ or ‘not urgent’ (as described in the original review), an 
instrumental perspective dominates in which sustainability must be 
address in order to achieve (and not undermine) human development 
outcomes (discussed in section 3.8). 

Theme 2: Water 
security as a 
bridge between 
WASH and 
environmental 
sustainability 

Water security remains a topic of interest in the WASH sector. 
Publication 2 (Chapter 4) reviewed literature at the intersection of 
groundwater resource considerations and water service delivery, 
identifying the emergence of water resource considerations in WASH 
sector frameworks. Research on household water security (or 
insecurity) has elaborated the connections between household water 
services and social, institutional, resource and climate considerations 
(Achore et al., 2020; Dickin et al., 2021; Mukherjee et al., 2020; Wutich 
et al., 2017). A body of literature offers assessments of water security 
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Themes and future 
directions from 
2017 review 

Insights from more recent literature 

with reference to similarly diverse ecological and social drivers, with a 
particular focus on water security for cities and urban areas (e.g. Fallon 
& Neville, 2021; Groot & Mustafa, 2019; Khan et al., 2020; Lorenzo & 
Kinzig, 2019). Institutional literature leverages the sense of urgency 
connoted by concepts of water security and scarcity to advocate for 
political commitment, finance and private sector innovation towards 
water secure WASH (e.g. UNICEF, 2021a). 

The original review interpreted sectoral interest in water security as 
promising for WASH-sustainability integration, and recent literature 
elaborates both conceptual and practical considerations. However gaps 
persist, for example a review of water security frameworks found limited 
attention given to sanitation despite sanitation being a critical element 
of water security (Paudel et al., 2021). 

Theme 3: 
Responding to 
environmental 
threats 

The original review characterised WASH sector conceptions of climate 
change as constituting a “significant threat” to water and sanitation 
services. A key development in recent literature is a 
reconceptualisation of climate change from ‘threat’ to ‘operating 
context’ for WASH service delivery. The presentation of climate change 
as the context for WASH is elaborated and discussed in section 3.7 
(and therefore not detailed in full here). 

Theme 4: WASH 
as an 
environmental 
opportunity 

Literature on the potential benefits of sanitation-related reuse has 
increased since publication of the original review, with SCOPUS 
identifying 300 relevant articles since 2017 (5 years) compared with 
271 for the original review period of 2010–2016 (7 years). Reuse is now 
widely included alongside ‘or safe disposal’ in conceptualisations of the 
sanitation service chain (Hyun et al., 2019). Publication 3 (Chapter 5) 
reviewed sanitation reuse literature, including noting increasing 
application of circular economy language to resource-oriented 
sanitation (e.g. Danso et al., 2017; Mallory, Akrofi, et al., 2020; Moya et 
al., 2019; Schroeder et al., 2019; Sgroi et al., 2018; Willcock et al., 
2021). Complementary work has linked sanitation-related reuse to 
planetary health (Jennifer Cole, 2018) and argued for a re-
conceptualisation of sanitation as “a human-derived resource system, 
where people are part of the resource cycle” (Trimmer et al., 2020, p. 
10446). Opportunities for sanitation-related reuse to enhance 
ecosystem services have also been identified (Trimmer et al., 2019; 
Willcock et al., 2021). Willcock et al. (2021) quantify the role of nature 
in treating human waste and argue for further consideration of “how 
engineered and natural infrastructure interact within a circular 
economy” (p. 192). Trimmer et al. (2019) propose a conceptual 
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Themes and future 
directions from 
2017 review 

Insights from more recent literature 

framework to define ways in which resource recovery from sanitation 
can enhance ecosystem services. 

FUTURE DIRECTIONS 

Future direction 1: 
Do more good 
instead of do less 
harm 

The idea of ‘doing more good’ is reflected in a recent high-profile 
articles linking sanitation-related reuse to ecosystem services. Trimmer 
et al. (2019) assert that “sanitation need not only consume: recovered 
resources (nutrients, organic matter and water) may enhance multiple 
ecosystem services, thereby expanding the value of sanitation” (p. 
681). 

An emerging narrative that ‘WASH action is climate action’ also reflects 
‘do more good’ thinking (elaborated below in section 3.7). 

The concept of regenerative infrastructure (linked to circular economy 
discourse) is increasingly appearing in academic and institutional 
literature spanning high- and low-income countries (e.g. Delgado et al., 
2021; Koottatep et al., 2019), but is not yet common in WASH sector 
discourse. 

Future direction 2: 
Maximise 
synergies and 
minimise trade-offs 

Discussion of SDG synergies trade-offs is common in sustainable 
development literature, including multiple references to potential 
synergies between SDG 6 and other goals (e.g. Hopkins et al., 2021; 
Kroll et al., 2019; Lim et al., 2018). However, Taka et al. (2021) argue 
that such analyses typically focus on links between WASH, poverty and 
health with less focus on broader conceptions of water security that 
encompass both societal and ecological needs. Similarly, Cunha 
Libanio (2021) notes a lack of integration between WASH and ‘nexus’ 
research fields, though recent work by Srivastava et al. (2022) has 
begun to explore the interconnections with a focus on humanitarian 
settings. Synergies with climate change action are more frequently 
mentioned (discussed in section 3.7). 

Future direction 3: 
Identify and 
address gaps 

The original review identified gaps in WASH sector focus when viewed 
through a planetary boundaries lens including climate change 
mitigation, novel entities, biosphere integrity and water use efficiency. 
Literature exploring climate change mitigation in sanitation has 
increased substantially in recent years (e.g. Dickin et al., 2020; McNicol 
et al., 2020; Mikhael et al., 2021; Mills et al., 2020; Reid, 2020), while 
other areas remain understudied. In a review of social science 
contributions to WASH and future directions for engineering, Workman 
et al. (2021) argue for increased focus on “emerging concerns and 
contaminants” given the sector’s “major influence on the realities of 
humanity’s environmental future” (p. 412).  
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Themes and future 
directions from 
2017 review 

Insights from more recent literature 

Future direction 4: 
Support a 
transition of the 
reuse agenda from 
niche to regime 

As described above (Theme 4), literature on sanitation-related reuse 
has increased in recent years and was reviewed in publication 3 
(Chapter 5). Despite reuse being widely regarded as beneficial, 
literature has dominantly focused on business models and whether or 
not reuse can drive investment in earlier stages of the sanitation chain 
(e.g. Danso et al., 2017; Mallory, Holm, et al., 2020; Otoo et al., 2018; 
Rao et al., 2017). Transition strategies identified in the original review – 
reframing reuse as necessary, co-evolution and tipping innovation’s 
cascade – have not been explored in recent literature. This observation 
informed the focus for study 3 in this inquiry, which analysed costs as a 
basis for determining how to support resource-oriented sanitation 
delivered by a local government service provider. 

3.7 A key shift: climate change as the operating context for WASH 

WASH discourse has moved from conceptions of climate change as an 

environmental threat, to widespread acknowledgement of climate change as the 

operating context for service delivery. Since the systematic review was published in 

2017, literature connecting WASH and climate change has increased and 

diversified. Climate change is now widely described as inevitable, having significant 

impacts, bringing substantial uncertainties, and something that must be considered 

in any WASH initiative. The two perspectives identified in the original review 

– ‘climate proofing’ and ‘integrated adaptation’ – have persisted, though discourse

has increasingly emphasised the complexity of climate impacts on services and

communities. In this section I explore how recent literature has expanded focus to

(i) encompass the social as well as technical dimensions of climate change

implications for WASH; (ii) address mitigation as well as adaptation in climate

change responses; and (iii) frame WASH and climate action in synergistic terms,

highlighting opportunities to strengthen service delivery and climate resilience in

tandem.

WASH sector literature has increasingly engaged with the complex ways in which 

climate change influences services and communities. In 2017 (the same year the 

original review of WASH discourse was published) Kohlitz et al., (2017) identified a 

tendency for WASH responses to emphasise ‘outcome vulnerability’ perspectives 
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on climate change, focusing on vulnerabilities of the physical aspects of WASH 

service delivery. While noting the value of an outcome vulnerability orientation for 

service reliability, the authors argued for an expansion of perspective to incorporate 

‘context vulnerability’ and ‘resilience’ lenses, both of which offer complementary 

insights into adaptive capacity within social and socio-ecological systems (Kohlitz et 

al., 2017). Since then, WASH studies have increasingly explored the intersection of 

climate change with social and governance dynamics (e.g. Abrams et al., 2021; 

Dickin et al., 2021; Donkor, 2020; Grasham et al., 2021). 

The expansion of perspective is evident in literature designed to support WASH 

professionals to grapple with climate change implications for programming and 

service delivery. The ‘how tough is WASH framework’ (Howard et al., 2021) 

assesses community and institutional dimensions alongside infrastructure 

resilience. Research in Indonesia informed a framework for climate-resilient 

citywide inclusive sanitation that addresses planning, institutions, financing and 

user engagement as well as infrastructure and water cycle considerations (Willetts 

et al., 2022). UNICEF’s strategic framework for WASH Climate Resilient 

Development incorporates behavioural and governance dimensions alongside 

‘climate smart’ infrastructure and technologies (UNICEF/GWP, 2017). More 

generally, sanitation-focused literature has emphasised the importance of moving 

beyond technocratic responses to consider soft adaptation strategies such as 

capacity building for wastewater managers and the development of effective 

information systems (Dickin et al., 2020; ISF-UTS and SNV, 2019; WHO, 2019). 

Similar themes are evident in water-focused literature, for example, analysis of the 

resilience of drinking water supplies to extreme weather events found that 

management behaviours were critical drivers of water quality, and must be 

considered alongside infrastructure (Charles et al., 2022). 

Complementing WASH literature on climate adaptation, an expanding body of work 

has explored ways in which WASH can contribute to mitigation efforts, with a 

particular focus on sanitation. A number of studies have noted the risk of increased 

emissions associated with expanding access to onsite sanitation (e.g. Dickin et al., 

2020; González et al., 2019; Kulak et al., 2017; Somlai et al., 2019; Van Eekert et 

al., 2019), and called for prioritisation of lower emissions options such as those 
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designed to recover resources (e.g. Kulak et al., 2017; McNicol et al., 2020). A lack 

of data on emissions associated with various sanitation options has been noted 

(Dickin et al., 2020), and ongoing research is attempting to address this gap, for 

example, the Climate and Costs in Urban Sanitation (CACTUS) research led by 

University of Leeds, and the Sanitation and Climate: Assessing Resilience and 

Emissions (SCARE) research led by University of Bristol. 

Finally, an emerging narrative in WASH sector discourse is that ‘WASH action is 

climate action’, flagging opportunities to achieve synergistic outcomes for WASH 

and climate resilience. For example, the potential to leverage climate finance to 

support WASH-related climate action has been identified (e.g. Dickin et al., 2020; 

Mason et al., 2020; Mikhael et al., 2021; UNICEF, 2021b). Dickin et al. (2020) cite 

economic co-benefits and emissions reductions among the potential outcomes from 

complementary climate and sanitation investment. In an analysis undertaken for 

WaterAid, Mason et al. (2020) emphasise the importance of pursuing shared 

climate and WASH financing objectives: “making climate finance work for water, but 

also making water (and water finance) work for climate” (p. 53). The potential for 

resilience-focused action to drive integration in urban systems has been identified 

by Mikhael et al. (2021), who argue that resilience offers a frame for integration of 

sanitation with drainage, solid waste, energy and transport. In an advocacy 

document pitched at planners, policymakers, and experts in climate and WASH 

sectors, UNICEF (2021b) asserts the “huge potential contribution of the WASH 

sector to global climate goals” based on opportunities for WASH to build resilience, 

mitigate emissions and mobilise climate finance. These narratives demonstrate the 

extent to which climate change is driving greater integration of sustainability 

concerns in WASH, with further potential to deepen responses as discussed below 

(section 3.8). 

3.8 An instrumental conception of sustainability, with momentum 

towards interdependence 

In this section I discuss the evolution in WASH sector discourse in the period 

addressed in the published literature review and since, identifying current 

mainstream engagement with sustainability as reflecting an instrumental 
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perspective. Based on the analysis of past and current discourse, I characterise 

this instrumental perspective as a ‘wave’ between a historic tendency for the WASH 

sector to equate sustainability with functionality of infrastructure, and a future 

direction (the vision of this inquiry) towards conceiving sustainability in terms of 

interdependence between people and earth system resources. The three waves 

are illustrated in Figure 7 and elaborated below. While each wave is distinct there is 

fluidity between them. Each wave also builds on (rather than replaces) prior 

perspectives, indicating increasing breadth and depth of engagement with 

sustainability ideas. 

Figure 7 The evolution of WASH sector discourse on sustainability

A tendency for WASH sector discourse to frame sustainability with reference to 

infrastructure functionality provided the motivation and rationale for this inquiry (as 

described in section 1.3). While the dominant ‘continuity of service’ definitions of 

sustainability implicate resources and natural systems, WASH perspectives have 

historically overlooked these interactions and emphasised infrastructure durability 

or functionality (Jiménez et al., 2017; Lockwood & Smits, 2011; Whaley & Cleaver, 



2017). The functionality perspective placed infrastructure and people at the centre 

of thinking about sustainability, being highly focused on user experiences. Such 

thinking was characteristic of the Millennium Development Goal era, perpetuated 

by targets that emphasised household access to water and toilets without sufficient 

attention to water quality or management of faecal waste (Weststrate et al., 2019). 

While sub-groups of WASH professionals have long advocated for broader 

sustainability perspectives (e.g. those focused on ecological sanitation), 

environmental considerations were dominantly conceived as further problematising 

an already complex challenge (as described in publication 1). Nevertheless, it is 

undeniable that functional infrastructure is critical for sustainable WASH services. 

As such, the functionality perspective rightly persists through subsequent eras, 

complemented with increasingly comprehensive sectoral conceptions of 

sustainability. 

More recent sector discourse conveys an instrumental perspective. In line with the 

integrated SDG agenda, recent discourse identifies water resource management 

and climate change as critical for WASH sustainability. The focus on water security 

has continued and climate change is now presented as the operating context in 

which WASH services are delivered. Yet the perspective is instrumentalist, 

whereby environmental considerations linked to water resources and climate 

change must be managed to facilitate continuous service delivery. The perspective 

is evident in many climate focused documents (e.g. Alhassan & Hadwen, 2017; 

Fleming et al., 2019; Howard et al., 2021). It is also apparent in sector sustainability 

frameworks that identify environment amongst several sustainability dimensions 

(e.g. Boukerrou et al., 2019; Daniel et al., 2021; Jiménez et al., 2017; UNICEF & 

UNDP-SIWI Water Governance Facility, 2021). Such an approach is a natural 

evolution for a sector focused on addressing fundamental human needs and 

increasingly recognising the critical role of natural systems in doing so. As such, I 

do not use ‘instrumental’ pejoratively, but rather to characterise a dominant 

perspective and highlight opportunities for deeper, more transformative, 

engagement with sustainability concepts. 

Placing the instrumental perspective within an evolving WASH discourse, I identify 

an emerging ‘wave’ in which WASH perspectives on sustainability recognise the 
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interdependence of people and planet. The key progression of an ‘interdependent’ 

compared with an ‘instrumental’ perspective is the positioning of people and 

resources as fundamentally linked and equally important. In contrast to viewing 

environmental considerations as issues to manage in support of service provision, 

interdependence connotes the unique position of natural systems as both 

foundational for and fundamentally linked to WASH. In other words, environmental 

considerations have a different, and more central, place compared with human 

constructed dimensions of sustainability such as financial and institutional aspects. 

Such a perspective challenges, rather than reinforces, a dominant discourse in 

which resources are managed for rather than interdependently with people. 

In WASH literature, there is momentum for evolution towards a conception of 

sustainability that recognises interdependence between people and earth system 

resources. IRC’s WASH system building blocks position water resources 

management as one of nine essential WASH sub-systems, and the authors identify 

its unique, foundational character: “Water resource management is a slightly 

different type of building block because it underlies the entire sector’s existence: 

the natural environment is the very foundation of WASH availability and 

sustainability” (Huston & Moriarty, 2018 p.26). However, not all models of WASH 

systems strengthening building blocks include this dimension (e.g. Sanitation and 

Water for All, 2016). 

Recent work analysing the ways in which nature provides sanitation services (e.g. 

Masi et al., 2018; Prescott et al., 2021; Trimmer et al., 2019; Willcock et al., 2021) 

also presents a perspective of interdependence. In one such study, (Willcock et al., 

2021) call for “a holistic understanding of the fully coupled links between sanitation 

and nature”. Links between WASH and environmental justice are also emerging, for 

example, the Lancet Commission on WASH and Health aims to “reimagine and 

reconstitute WASH not only as a central pillar of public health, but also as a 

pathway to gender equality and social and environmental [emphasis added] justice” 

(Amebelu et al., 2021). Envisioning WASH as a pathway to environmental justice 

implies deep engagement with the connections between WASH and natural 

systems, and how they are experienced inequitably by different groups. 

94



Evolution towards a perspective of interdependence implies a more transformative 

approach to WASH sector sustainability in line with normative directions advocated 

in sustainability transformations scholarship. In the WASH sector, the term 

‘transformative’ has been used to prompt a rethink of public health approaches in 

response to the WASH Benefits and SHINE trials (Pickering et al., 2019; Vila-

Guilera et al., 2021) and in analysis of WASH contributions to gender equality 

(Macarthur et al., 2020). As sector conceptualisations of ‘transformative WASH’ 

develop there is opportunity for sustainability considerations to be central, informed 

by ideas of interdependence. The ways in which interdependence between people 

and resources can inform WASH perspectives is explored further in this inquiry’s 

synthesis (Chapter 7). 

3.9 Summary 

In this chapter, I presented the inquiry’s literature review in the form of a published 

review of WASH-sustainability discourse 2010–2016 and critical review of more 

recent documents. The published review identified four themes evident in WASH 

literature: a perceived tension between environmental sustainability and WASH 

development imperatives, the idea that water security is a helpful concept for 

bridging service delivery and sustainability, different attitudes about how best to 

respond to threats such as climate change, and promotion of sanitation reuse 

opportunities. Based on an analysis of discourse with reference to the planetary 

boundaries framework, the published review also proposed four future directions to 

guide WASH research: fostering a ‘do more good’ instead of ‘do less harm’ 

approach, focusing on synergies and minimising trade-offs, identifying and 

addressing gaps in current focus, and supporting a transition of the reuse agenda 

from niche to regime scale. I reflected on the review’s application of the planetary 

boundaries framework in light of recent critiques and the inquiry’s emergent 

sustainability transformations lens. 

The updated review explored how themes and future directions from the published 

review have been reflected, developed, or contradicted in more recent work. A key 

finding was a shift in WASH discourse about climate change such that climate 

change is now widely acknowledged as the operating context for service delivery. 
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Finally, I characterised the evolution of discourse through three ‘waves’ or 

perspectives – moving from a focus on functionality (before), to instrumentalism 

(now), with an emerging discourse of interdependence (the vision). The next part of 

this thesis presents an orientation to Part II, introducing the inquiry’s two in-depth 

studies focused on groundwater reliance and resource concerns (study 2) and life-

cycle costs of resource-oriented sanitation (study 3). 
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PART II Two studies of WASH-sustainability interactions 

Two in-depth studies exploring specific areas within the WASH-sustainability 

nexus, informing a more grounded understanding of the conceptual and practical 

challenges. 
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Orientation to the in-depth studies: choices and rationale 

Overview 

Part II of this thesis presents two in-depth studies exploring dimensions of the 

intersection between WASH and planetary sustainability: the first focused on 

groundwater as a source of drinking water in Southeast Asia and Pacific countries, 

and the second an analysis of the life-cycle costs of a resource-oriented sanitation 

system in urban Sri Lanka. In this orientation I explain and justify the choice of 

topics for in-depth studies and articulate how they respond to the inquiry’s 

overarching research question. Journal publications documenting the studies are 

presented as Chapters 4 and 5. 

Topic choices: Why groundwater and resource-oriented sanitation? 

The decision to focus on groundwater and resource-oriented sanitation in two in-

depth studies – from a wide range of potential WASH-sustainability topics – was 

driven by three considerations: insights from the review of WASH discourse 

(publication 1, Chapter 3); my experiences and observations from pre-PhD 

research projects; and seeking diversity of study in terms of geography, sub-sector 

and sector ‘lenses’ (monitoring and costing). Here, I explain how these 

considerations informed and justified the selection of the two studies. 

First, of the themes and gaps identified in the literature review, discourse on 

groundwater and resource-oriented sanitation raised particular sustainability 

questions. The theme of ‘responding to threats’ noted groundwater’s potential as a 

climate-resilient water source, despite limitations in our knowledge about how 

climate change will affect aquifers and their already stressed state in many parts of 

the world. The discourse analysis highlighted a disjunct between a WASH narrative 

in which groundwater was positioned as a resilient resource, and water resource 

management perspectives on the stressed state of groundwater globally. In study 

2, I sought to explore the relevance of each narrative and tensions between them 

by assessing the situation for ten Southeast Asia and Pacific countries. Similarly, 

the discourse analysis identified a gap in sector literature regarding resource-
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oriented sanitation systems, contrasting pilot-scale studies with conceptual (but not 

well-grounded) analyses. In study 3, I sought to contribute empirical data about an 

operational city-scale system, exploring what it takes – from a life-cycle cost 

perspective – for such systems to succeed and progress regenerative approaches 

in line with  Raworth's (2017b) doughnut concepts. 

Second, my previous experiences as a WASH researcher informed in-depth study 

selection, most notably two formative experiences in Vietnam. While researching 

the extent to which piped water services were reaching poor-identified households 

in rural areas, I interviewed service providers focused on strategies for increasing 

user demand to increase revenue, which would have extracted larger volumes of 

water. There was no knowledge (or monitoring) of water resource considerations, 

or coordination with water resource management agencies, and I felt concerned by 

the potential cumulative impacts. This experience highlighted a need for further 

consideration of both household water use practices and the need for strengthened 

coordination between WASH and water resource professionals, which I explored in 

study 2. 

Similarly, the focus and framing of study 3 was informed by research comparing 

sanitation options for an urban area. This previous research was undertaken in 

partnership with a Vietnamese utility and university. Utility partners emphasised the 

importance of cost information for informing government decision making, and the 

research grappled with a lack of empirical data on costs of urban sanitation service 

options, and particularly those involving reuse. The experience also highlighted the 

importance of bridging research activities with government direction-setting. The 

partner university was undertaking pilot studies of urine-diversion systems and 

constructed wetlands at the time, and there was untapped opportunity for such 

studies to inform government planning. 

Third, a key consideration in study selection was pursuit of diversity in terms of 

geographic and sectoral dimensions – striking a balance between breadth and 

depth that is characteristic of transdisciplinary approaches and designed to address 

the overarching research question from multiple angles. To complement the global 

‘sector’ perspective of studies 1 and 4, studies 2 and 3 contributed contextualised 

analyses to the inquiry. Study 2 explored groundwater reliance and resource 
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concerns at national scale across ten countries in Southeast Asia and Pacific 

regions, while study 3 featured a city-scale case study in Sri Lanka. The intention 

was to include a mix of cultural and biophysical contexts in which different 

sustainability considerations are more or less relevant, and to consider the different 

scales at which WASH systems and sustainability dynamics operate. Such an 

approach acknowledges the importance of researching across scales when 

undertaking change-oriented research to progress sustainability (Mauser et al., 

2013). 

The in-depth studies each addressed a different WASH sub-sector, with study 2 

focused on water service delivery and study 3 focused on sanitation. I note that 

these choices exclude hygiene, which can contribute to environmental pollution 

(e.g. through child faeces management and the use of products containing 

contaminants, as described in publication 1) and generate solid waste (e.g. 

menstrual hygiene products, see Elledge et al., 2018). Yet a focus on water and 

sanitation in this inquiry was justified given the direct and profound connections 

between water and sanitation services and natural resource systems. 

The two in-depth studies analysed WASH-sustainability dynamics with reference to 

two sector ‘lenses’ that drive priorities and actions: monitoring (study 2) and costs 

(study 3). The indicators and frames used to monitor WASH services drive action 

and investment (Bartram et al., 2014). Study 2 sought to highlight and address a 

gap in current monitoring at the global level (data collated by WHO/UNICEF 

through the Joint Monitoring Program), which emphasises the facility providing 

water rather than the resource from which it is sourced. It identified the risk that as 

access to ‘safer’ water services in the form of piped water increases, we are losing 

a global picture of implicated resources. The importance of critical perspectives on 

monitoring frames has been argued by Tortajada & Biswas (2018), who call for 

increased academic engagement with SDG 6 targets and indicators to address 

neglected topics including resource and environmental considerations. 

WASH sector decisions and actions are also strongly driven by costs, hence the 

focus on costing in study 3. The relative costs of different service delivery options is 

a critical driver of investment towards efficient and equitable service delivery, yet 

the sector has suffered from a lack of information about financial considerations 
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(Tortajada & Biswas, 2018). In particular, a tendency to inadequately consider 

ongoing system costs has been linked to high rates of service failure (Daudey, 

2018; Moriarty et al., 2013). In analysing the life-cycle costs of a resource-oriented 

sanitation system, study 3 sought to make the case for resource-oriented systems 

from a normative sustainability perspective, and to contribute critical data on the 

scale and distribution of required investments to support ongoing and equitable 

service delivery. The central importance of costs for the WASH sector has been 

affirmed by the Lancet Commission on WASH and Health, which is assessing the 

financial costs of achieving universal access to safely managed services as one of 

three priority areas for action (Amebelu et al., 2021). 

How the in-depth studies addressed the overarching research question 

Study 2 responded to the inquiry’s overarching research question by translating 

insights from data into priorities for WASH professionals at national and sub-

national scales (Figure 8). The publication itself articulates two research questions 

that explore (i) the extent of household reliance on groundwater as a source of 

drinking water in ten Southeast Asia and Pacific countries, and (ii) groundwater 

resource issues that may influence water services now and in the future. The 

relevance of findings for WASH professionals was explored in the publication’s 

discussion, which considered how WASH professionals at national and sub-

national scales can meaningfully engage in groundwater resource management as 

a foundation for universal, sustainable service delivery. In this thesis I articulate this 

analysis as a third research question (as described in Chapter 1 and illustrated in 

Figure 8), though it was implicit in the publication. The analysis applied the service 

delivery approach framework of three institutional levels (Moriarty et al., 2013; 

World Bank, 2017) as a sector-relevant heuristic to identify implications for national 

WASH agencies, service authorities and service providers, thereby addressing the 
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overarching research question’s focus on WASH professionals.

Figure 8 How study 2 research questions addressed the overarching question

Similarly, study 3 informed the inquiry’s overarching research question by 

interpreting technical findings in their wider sectoral context (Figure 9). The 

importance of cost data to inform resource-oriented sanitation was argued, as was 

the critical need to focus on equity of access and distribution of costs. The study 

explored the role of local government as a resource-oriented service provider, a 

sector-relevant contribution given that local governments are typically responsible 

for service delivery where utilities do not exist. Beyond the costs and insights 

reported in the publication, the study explored how the case study sanitation 

system was established. Insights from this analysis provided further contribution to 

the inquiry’s overarching research question. They are included with critical 

reflections on the publication in section 4.3 and reflected in the synthesis theme 

focused on purpose (section 7.4). 
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Figure 9 How study 3 research questions addressed the overarching question



4 Chapter 4 Study of groundwater reliance and resource 

concerns 

4.1 Overview 

This chapter presents the second of four publications included in this ‘thesis by 

compilation’, published in the journal Water in 2019. The article was the output for 

study 2, which analysed household reliance on groundwater as a source of drinking 

water in ten Southeast Asian and Pacific countries and related resource concerns. 

As described in the orientation to Part II of this thesis, the study responded to a gap 

in knowledge about the use of groundwater as a source of drinking water, and 

related resource concerns relevant for WASH professionals. Following presentation 

of the publication, I critically reflect on the study’s approach to proposing WASH 

sector actions, explaining how these reflections informed a focus on worldviews in 

subsequent parts of the inquiry. 

4.2 Publication 2 — Groundwater as a source of drinking water in 

Southeast Asia and the Pacific: A multi-country review of current 

reliance and resource concerns 

Publication 2 is in the open access journal Water and is included in this thesis in its 

published form. The publication is available online at 

https://doi.org/10.3390/w11081605, 
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Abstract: Groundwater is widely acknowledged to be an important source of drinking water in
low-income regions, and it, therefore, plays a critical role in the realization of the human right to water.
However, the proportion of households using groundwater compared with other sources is rarely
quantified, with national and global datasets more focused on facilities—rather than resources—used.
This is a significant gap in knowledge, particularly in light of efforts to expand water services in line
with the inclusive and integrated agenda of the Sustainable Development Goals. Understanding
the prevalence of groundwater reliance for drinking is critical for those involved in water services
planning and management, so they can better monitor and advocate for management of water
resources that supports sustainable services for households. This paper contributes data that can
be used to strengthen the integration of resource considerations within water service delivery and
inform the work of development partners supporting this area. We approach this issue from two
perspectives. Firstly, we collate data on the proportion of households using groundwater as their
primary drinking water source for 10 Southeast Asian and Pacific nations, finding an average of 66%
(range of 17–93% for individual countries) of households in urban areas and 60% (range of 22–95%)
of households in rural areas rely on groundwater for drinking. Together, these constitute 79% of
the total population across the case study countries. Secondly, we review current and emerging
groundwater resource concerns within each country, using a systems thinking approach to assess
how groundwater resource issues influence household water services. Findings support the case
for governments and development agencies to strengthen engagement with groundwater resource
management as foundational for achieving sustainable water services for all.

Keywords: groundwater; Southeast Asia; Pacific Island Countries; water services; human right to
water; water resources; sustainability; Sustainable Development Goals

1. Introduction

Around the world, groundwater makes a critical contribution to progressive realization of the
human right to water. In developing country contexts—where 2.1 billion people still lack access to
safely managed water and 844 million lack even basic water [1]—development of groundwater is
considered a key strategy for addressing gaps in service delivery [2] and for building resilience to
the impacts of climate change [2,3]. Groundwater is already the preferred source of drinking water
globally [4], often considered more reliable than surface water and more accessible, given it can be
directly exploited by users [5]. However, data on actual use is lacking, with knowledge gaps evident
across local, regional and global scales [6].

Meanwhile, there is recognition by hydrogeology scholars that groundwater resources are
under threat from overexploitation and pollution. Overexploitation is occurring in a context where
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groundwater has shifted in status from “a reserve resource” used in periods of scarcity to “one that
is now systematically abstracted in an uncontrolled or unregulated manner” [7]. With management
and regulation yet to adequately respond in many contexts, groundwater remains poorly understood
and inadequately protected [8]. The result is widespread stress on groundwater resources, with
an estimated 1.7 billion people living in areas affected by overexploitation [9]. At the same time,
groundwater quality is under threat from an ever-increasing list of anthropogenic pollutants [5]. With
groundwater constituting 98% of the world’s freshwater reserves [2], a focus on the governance of
groundwater resources is essential to ensure we remain within the safe threshold of the freshwater use
planetary boundary [10,11].

In this context, efforts to ensure sustainable, safe drinking water supplies must consider the
relevant water resource and its management. For the global water, sanitation and hygiene (WASH)
sector—comprising development organizations, researchers and government agencies responsible
for service delivery—this requires a greater focus on the resources underpinning water supplies.
As argued by Bradley and Bartram [12], WASH professionals need to give higher priority to water
resources management, especially to groundwater management, and to consider water services and
water resources management together in spite of their typical institutional separation. Recently, efforts
have been made at the global level to better situate WASH services within broader water resource
management (WRM), evidenced by the integration of WASH and WRM within a single Sustainable
Development Goal (SDG). Guided by the SDG framework, those working on water service delivery
are prompted to think about domestic water supply (target 6.1) in tandem with the quality of water
resources (target 6.3), water-use efficiency (target 6.4) and water resource management (target 6.4).
This promotes a broadening in WASH discourse, which has focused on the health, social and economic
aspects of water services, and has placed less emphasis on their underpinning resources [13].

The neglect of resource considerations in WASH discourse reflects the fact that domestic use of
groundwater is not typically considered a threat to groundwater resources, with agriculture dwarfing
the domestic sector in terms of volumes extracted. Agriculture accounts for an estimated 70% of
groundwater withdrawals worldwide, with the domestic sector responsible for just over 20% and
industry just under 10% (based on 2010 data) [5]. However, a focus on total extractions obscures the
critical link between resource management and households’ access to water. Although household
water use alone might not lead to overexploitation of groundwater resources, households reliant on
groundwater have a central interest in its management and sustainability. Further, a global perspective
on the contribution of domestic demand to total water extraction conceals local variations which
can be important. For example, growing urban centers can have substantial water demand [14] and
may be sites of localized groundwater stress. It is important to maintain the quality of raw water
used for domestic purposes in order to protect human health and avoid expensive water treatment.
Groundwater quality has a major bearing on the cost of using it for different purposes [15].

In recent years, integration of water resource considerations into WASH sector thinking is emerging
in a number of evolving frameworks guiding service planning, delivery and oversight [12,16,17].
In the rural water sector, recent evolutions of the service delivery approach, which offers a widely
used guiding frame for sector analysis and strengthening, include ‘water resources management and
security’ as one of five building blocks for sustainable service delivery [18]. The inclusion of water
resources within the service delivery approach framework acknowledges the growing recognition
by governments of the challenges of both physical and economic water scarcity [18], and represents
a notable shift compared with earlier iterations, which emphasised institutional, financial, asset
management and monitoring considerations [19] but did not include resources. The service delivery
approach articulates three institutional levels comprising national agencies, service authorities and
service providers. Within this framing, the scope of focus on water resources considers both water
availability and quality as well as institutional links between water resource managers and the service
authorities and providers responsible for drinking water [18].
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In metropolitan areas, there is a longer history of integrating resource considerations into the way
water services are conceived and planned. Frameworks that have been applied to developing cities
include Integrated Urban Water Management (IUWM) [20], sustainable urban water management
(SUWM) [21], Water Sensitive Cities [22] and Nature Based Solutions [23]. Resource conservation
and protection feature across 17 principles for water-wise cities developed by the International Water
Association to support sustainable urban water management that links services with basins [24].
However, the extent to which these frameworks have put into practice has been variable [20,22],
with particular challenges applying them in developing cities [22]. Further, Howard [25] argues that
models for holistic urban water management have not adequately addressed the particularities of
groundwater resource systems, despite advances in urban groundwater science, and identifies a need
for involvement of all stakeholders in decision-making processes that inform groundwater governance.
This includes a more proactive role for water utilities in groundwater resource management, mobilizing
their technical expertise, as argued by Foster and Sage [26].

If the WASH sector is to adequately integrate resource considerations within service delivery
approaches and progressive realization of the human right to water, it is essential to acquire a better
understanding of which resources are used. In tracking progress towards SDG 6.1, the WHO/UNICEF
Joint Monitoring Program (JMP) collates comprehensive data on facilities used by households for
drinking water, including the type of resources used for water points, such as wells, springs or
rainwater tanks. However, for those using piped or packaged water, the resource supplying these
systems is not consistently identified in any standardized monitoring. With the increasing use of piped
and packaged water [1,27], there is a growing knowledge gap about the extent to which households
rely on groundwater. This is evidence of the “paucity of well-structured, globally useful, up-to-date
and SDG-relevant groundwater data available”, as found by Guppy et al. [4] in their analysis of the
interlinkages between groundwater and the SDGs.

Addressing this gap, this paper offers an analysis of the role of groundwater in supplying drinking
water services across ten Southeast Asian and Pacific Island countries. We approach the issue from
two perspectives: (i) Integrating available data to calculate the proportions of households using
groundwater as their primary source of drinking water, which we define as ‘groundwater reliance’
given the critical role of drinking water in supporting human health, and (ii) synthesising literature on
the status of groundwater resources and emerging pressures, and undertaking a systems analysis of
the links between resource issues and water service delivery. The intention is to contribute to WASH
sector discourse and direction-setting by establishing a baseline of proportions of households using
groundwater for drinking in each country, and identify the breadth of resource issues that must be
considered, analyzed and planned for as part of efforts to expand, and sustain, services. In taking a
multi-country approach, we sought to uncover the breadth and diversity of experiences, which can
guide the scope and focus of much-needed future sub-national and local analyses.

2. Materials and Methods

This study involved the review and synthesis of secondary sources, with the investigation framed
by two research questions:

(i) To what extent are households in Southeast Asian and Pacific case study countries reliant on
groundwater for their primary source of drinking water?

(ii) In case study countries, how do groundwater resource issues currently influence water services
for groundwater-reliant households, and how are they likely to do so in future?

Case study countries were selected to represent the diversity of countries across Southeast Asia
and the Pacific, based on criteria including region (six from Southeast Asia and four from the Pacific),
geography (island, coastal and land-locked nations), level of development and extent of urbanization. In
selecting a diverse set of countries, the intention was to achieve breadth in the analysis of groundwater
use and resource issues evident across the region, which can inform deeper contextual analyses at
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national and sub-national scales in future. The countries chosen from Southeast Asia are: Cambodia,
Indonesia, Lao People’s Democratic Republic (PDR), Myanmar, Timor Leste and Vietnam. Those from
the Pacific are: Kiribati, Papua New Guinea (PNG), Solomon Islands, Vanuatu.

2.1. Calculating Household Groundwater Reliance

To answer the first research question, data were collated from the WHO/UNICEF JMP and country
sources, including utility information and sector reports. Information was sought separately for
urban and rural areas because differences in their typical water supply profiles would be obscured in
aggregated national datasets. The most recent complete dataset from each of the JMP country files was
used to identify proportions of households using point-source groundwater, tap water or packaged
water as their primary drinking water service. The study sought to identify the overall quantum of
groundwater reliance, so it was concerned with identifying water source rather than whether the
facilities were defined as safely managed, basic, limited or unimproved according to JMP definitions.
Further, we acknowledge that a focus on primary drinking water services obscures the reality that
many households use more than one water source across seasons and for different purposes [28].
However, given multiple water source use (MWSU) is an emerging area of research with limited
consistent data available to date [28], our approach was to focus on the primary source of drinking
water in line with the methodology used to track SDG target 6.1.

Country-specific data were used to assess the proportion of tap water and packaged water sourced
from groundwater. In this analysis, both aquifer and spring sources were defined as groundwater
given they are both subject to aquifer resource issues. Targeted internet searches were used to identify
data on sources used for piped and packaged water. For our calculations data from online databases
(e.g., utility benchmarking), peer-reviewed literature and sector reports were preferred. However,
company websites and media reports were used when they were the only available sources, which
was typically the case for water sources used for packaged water.

Collated data provided the basis for calculating the proportion of households using groundwater
in each country. Where there was uncertainty, conservative choices were made to avoid overstating
the extent of reliance. Additionally, when there was any doubt about the inclusion or exclusion of
particular figures for a given country, a minimum or maximum estimate was calculated to show the
range of uncertainty (these figures are shown in Supplementary Materials). Finally, initial calculations
were shared with sector experts in case study countries to sense check the assumptions and logic
used. The data sources and assumptions underlying the calculations for each case study country are
described in full in Supplementary Materials.

In analyzing data from diverse sources, it was necessary to reconcile a mismatch in unit
of analysis between drinking water and domestic water more broadly. JMP datasets focus on
drinking water only (taking a user perspective), while country-specific information is typically
more supplier-oriented, describing either sources of water for domestic supply generally (for both
consumptive and non-consumptive purposes) or sources for supplying all users across domestic,
industrial and commercial sectors. To address the potential for this mismatch to affect estimates of
household groundwater reliance, we compared data on facilities used for drinking and non-drinking
purposes where this information was available (e.g., in some census datasets) to assess the scale
of difference.

2.2. Identifying Resource Concerns and Impacts on Household Water Supply

To identify resource concerns, we first undertook a literature review of current and emerging
resource concerns. Academic and non-academic literature was identified through targeted searches in
Google Scholar and Google’s general search engine of ‘groundwater’ and the name of each case study
country. Based on an initial scan of the most pertinent literature, a snowballing approach was used to
identify further relevant documents. Advice on relevant documentation was also sought from sector
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experts. Resource sustainability concerns identified from the document review were collated for each
country and then considered across countries to build a picture of common themes and key differences.

To identify how groundwater resource concerns impact household services, we used the systems
thinking technique of influence diagramming to explore the relationships between types of resource
concerns and water services articulated with reference the human right to water. According to the
human rights framework, water for personal and domestic uses must be available, safe, acceptable,
accessible and affordable [29]. As a clear, comprehensive and globally endorsed conceptualization
of household water requirements, the components of the right to water offered a helpful way of
exploring the various ways resource issues can affect household water supply. We applied a systems
thinking technique as a heuristic for exploring interconnections, given the value of this approach
for engaging with complexity, reframing situations and enabling “thinking and acting in purposeful
ways” [30]. Within systems thinking, influence diagrams are sense-making tools for exploring the
multiple interconnections characteristic of complex systems [31], and represent a mental model of
a problematic situation that can help identify actions to improve the situation [32]. They focus on
‘influence’ rather than causal relationships, and in doing so seek to identify networks of interconnection
rather than root causes [31]. As part of broader systems thinking approaches, influence diagrams have
been used in resource management to identify interactions between biophysical and ‘soft’ systems [33].

2.3. Limitations

The main limitation of this study relates to the availability and reliability of data on water
resources linked to household uses. As described above, it was necessary to compile data from a
wide variety of sources with sometimes inconsistent boundaries of analysis, and to make assumptions
where information was not available. We addressed concerns about the validity of assumptions by
triangulating from multiple information sources and seeking reviews of our draft workings from
sector experts. While lack of data reliability is a limitation, it also underpins the value of the study in
making a first assessment of household groundwater reliance in contexts where this information is not
otherwise available at a national scale.

Across both data collection and literature review methods, the focus was primarily on English
language material, which brings a risk of overlooking relevant information in other languages. While
some data was sourced and translated through country contacts (for example, utility data for Vietnam
and Indonesia), this was not consistently possible. In reviewing the status of groundwater resources, a
focus on published English-language material also presents issues of possible bias, with a tendency in
the literature to focus on locations within countries where issues have already been observed. This
has the potential to obscure geographic diversity within countries, but it was a necessary trade-off in
taking a multi-country perspective.

3. Results

3.1. Households Using Groundwater in Case Study Countries

Across the ten case study countries, an average of 66% of households in urban areas and 60% in
rural areas were found to be using groundwater as their primary source of drinking water. Urban
areas showed lower rates of household groundwater reliance in Cambodia (17%) and PNG (25%) and
higher rates in Timor-Leste (93%), Indonesia (90%), Kiribati (90%), Vanuatu (86%), Lao PDR (80%)
and Myanmar (72%). In rural areas, we found lower rates of groundwater reliance in Melanesian
countries of PNG (22%), Solomon Islands (28%) and Vanuatu (34%) and the highest rate of reliance
in the Micronesian atoll islands of Kiribati (95%). Southeast Asian case study countries Indonesia
(92%), Timor-Leste (81%) and Myanmar (78%) were also found to have high rates of rural household
groundwater dependence. Findings across all case study countries are summarised in Figure 1, with
data sources and assumptions underlying the calculations described in full in Supplementary Materials.
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Table 1. Proportion of households using point-source, piped and packaged water sourced from
groundwater in urban and rural areas.

Urban % Households Using Groundwater-
Sourced Drinking Water

Rural % Households Using Groundwater-
Sourced Drinking Water

Point
source Piped Packaged Total

Urban
Point

Source Piped Packaged Total
Rural

Cambodia 13 4 0 17 50 0 0 50
Indonesia 38 6 46 90 71 6 16 92
Lao PDR 13 3 64 80 34 0 21 55
Myanmar 34 3 34 72 75 0 4 78

Timor Leste 28 65 0 93 43 38 0 81
Vietnam 17 17 12 46 53 5 8 66
Kiribati 23 67 0 90 89 6 0 95

PNG 5 20 0 25 22 0 0 22
Solomon Is. 3 58 0 61 28 0 0 28

Vanuatu 2 83 1 86 22 0 0 22

Moving from national proportions to identify numbers of people implicated, the analysis found
that 79% of both urban and rural populations aggregated across case study countries used groundwater
as their primary source of drinking water (346 of 437 million people). Figure 2 indicates the relative
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Figure 1. Proportion of households using groundwater as their primary source of drinking water in
urban and rural areas across case study countries.

Groundwater-sourced drinking water is supplied to households in case study countries through
a mix of point source facilities, piped systems and packaged water. The breakdown of facilities
used across urban and rural areas is shown in Table 1 (with data sources and assumptions described
in Supplementary Materials). Identifying the resources supplying piped and packaged water was
important for urban areas, where the use of point-source groundwater is declining with the increasing
use of tap and packaged water [1,27]. Case study countries where piped water in urban areas was
found to be wholly or substantially drawn from groundwater included Solomon Islands, Vanuatu,
Kiribati and Timor-Leste with 94%, 68%, 67% and 65% respectively of urban households using piped
water drawn from groundwater sources. Countries where packaged water in urban areas was found
to be wholly or substantially drawn from groundwater included Lao PDR, Indonesia and Myanmar,
with 64%, 46% and 34% of households respectively using packaged water sourced from groundwater.
In rural areas, point source facilities continue to be the primary form of groundwater supply across
the region, and findings, therefore, reflect data on facilities used. Timor-Leste was the only country
where piped groundwater (in the form of gravity-fed spring-sourced systems) formed a substantial
proportion of piped supplies (38%). Smaller proportions of households using groundwater-sourced
piped water were also identified in Indonesia (6%), Kiribati (6%) and Vietnam (5%). Packaged water
formed part of the mix in rural Lao PDR (21%), Indonesia (16%), Vietnam (8%) and Myanmar (4%).
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numbers of people drinking groundwater in each case study country and shows the relationship between
urban and rural groundwater reliance for each country. Indonesia had the highest groundwater-reliant
population (more than 200 million) of the ten countries reviewed, far more than Vietnam (more than
55 million) and Myanmar (more than 40 million) in second and third place respectively. For most case
study countries, rates of reliance on groundwater for drinking were reasonably comparable across
urban and rural areas, with three notable exceptions: Vanuatu and the Solomon Islands, with much
higher rates of urban groundwater reliance, and Cambodia where rural groundwater reliance was
almost three times higher than urban. Looking at facilities used to supply groundwater, 219 million
of the case study population used groundwater-based point source facilities (66 million in urban
areas, 153 million in rural). Groundwater-sourced piped water supplied 25 million (14 million urban,
11 million rural) and groundwater-sourced packaged water supplied 102 million people (76 million
urban, 26 million rural).

Figure 2. Proportion of urban and rural households using groundwater as their primary source of
drinking water with associated relative populations across countries indicated by circle size.

3.2. Current and Emerging Groundwater Resource Concerns

Analysis of the context and concerns relating to groundwater resources in case study countries
revealed a range of current and emerging issues related to both the quality and quantity of groundwater
sources. Table 2 summarises issues identified in the literature for urban and rural areas in each of the
ten case study countries. In urban areas, pollution from unsafe sanitation was the most commonly
identified threat to groundwater quality in all case study countries. Depletion was an issue for countries
with substantial urban groundwater reliance, resulting in dry season shortages in Timor-Leste, Kiribati
and Myanmar and subsidence in large cities in Indonesia and Vietnam. In rural areas, hot spots
were identified in Cambodia and Lao PDR where drawdown of groundwater levels was affecting
accessibility for domestic supplies. Quality concerns in rural areas included saline intrusion in coastal
areas (in Cambodia, Timor-Leste, Vietnam and Solomon Islands) and agriculture-related pollution
(in Vietnam and Solomon Islands). Uncertainties and future pressures are also noted, with common
themes across countries being: A lack of comprehensive data, increasing water demand, and resource
risks related to predicted climate change impacts.

Influence diagramming based on this review of current and emerging groundwater resource
concerns enabled exploration of the relationship between groundwater resource concerns and the
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components of the human right to water, namely: Availability, quality, affordability, accessibility, and
acceptability (Figure 3). In developing the diagram, our main interest was physical characteristics
because the focus of the study is the physical aspects of resources and how they influence water
services. The effects of a particular relationship depend on the situation. Therefore, the directions of
the arrows in Figure 3 should not be taken as indications of positive or negative influences. Further, in
line with systems thinking approaches, diagramming was undertaken to increase our understanding
of system relationships rather than to reveal a ‘truth’ [31]. As such, for generating insights, the process
of developing the diagram was as important as, or more important than, the diagram itself, which is
inevitably a simplified representation of reality. Further, given the intent of this study was to explore
the breadth of issues at a regional scale, the diagram represents a generalized model that can guide the
scope and focus of local-scale analyses.

Figure 3. Influence diagram exploring how resource dynamics affect components of the human right to
water for groundwater-reliant households. Arrows should be read as ‘influences’, rather than implying
causation. Note that important factors shaping groundwater resources and their access, such as soil
type and geology, are held constant, and therefore, not included in the diagram.
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Table 2. Synthesis of literature on groundwater resource concerns in case study countries.

Current Issues in Urban Areas Current Issues in Rural Areas Uncertainties and Future Pressures

Cambodia
Urban wastewater pollution has been identified as a
threat to groundwater quality, with studies identifying
bacterial contamination [34].

Rapid growth in use of groundwater for irrigation in the
Mekong threatens household groundwater use [35].
Over-extraction may contribute to: Saline intrusion [36],
land subsidence and exacerbation of naturally occurring
arsenic contamination [35].

Comprehensive data not available but a study is
underway [37]. Cambodia Wellmap database is thought to
lack critical information and be out of date [34]. Threats
include industrial pollution, increasing agricultural use
and saline intrusion [37]. Increased use of agricultural and
domestic electric pumps can increase extraction rates [35].

Indonesia

Over-extraction and pollution are impacting
groundwater across urban Indonesia [38,39]. In Jakarta,
observed issues include pollution from wastewater as
well as flooding, subsidence and salinization in
northern coastal areas [40,41]. In Yogyakarta city,
leaching from on-site sanitation has caused pollution of
drinking water sources [42].

Much less literature on rural groundwater, likely
reflecting generally fewer resource concerns. One study
in the lowlands of Sumatra found arsenic concentrations
exceeding drinking water guidelines in 12 of 97
tubewells [43].

Self-supply from groundwater for domestic use is
common, though is unregulated [44]. Deep groundwater
resources are increasingly used in industrial and service
sectors and exploited at an unsustainable rate [24].

Lao PDR

Deep wells in Vientiane found to be saline and
unsuitable for domestic use [45]. Sanitation-related
contamination identified, but data is sparse [46].
Beyond Vientiane, limited information on groundwater
resources in urban areas.

Villages in northern Champassak province have
experienced lowering of water table depths beyond the
reach of average domestic wells [47].

No serious widespread issues reported, but “preventative
protection” called for due to increasing demand [48].
Demand will increase due to population growth, changed
agricultural practices [49] and climate change driving
surface water shortages [50]. Limited data available to
support sustainable management [49].

Myanmar

Yangon groundwater experiencing increasing pressure
due to population growth, urbanization and land cover
change. Extraction rates for domestic use alone exceed
recharge [51]. The water is thought to be potable, but
data to confirm quality is lacking and there are reported
cases of tubewells being abandoned due to saline
intrusion [51].

A study of central Myanmar’s Dry Zone [52] reports the
existence of hundreds of thousands of tubewells and
dugwells but there is no database to support monitoring
and management and there is a lack of regulation.
Over-exploitation has resulted in water level drawdown
and deterioration of water quality [52].

Pavelic et al. explore the potential for groundwater to
support agricultural expansion in the Dry Zone, finding
rates of replenishment lower than expected [53]. Rigorous
assessment of groundwater interventions, and
management that protects groundwater for community
uses and the environment are needed. Climate change
impacts are expected to include a lowering of the shallow
groundwater table and saline intrusion, particularly in
coastal areas [54].

Timor-
Leste

Population growth and urbanization have led to dry
season shortages in Dili aquifer [55]. Shallow aquifers
in urban areas, which are the primary source of water
for households, often receive untreated wastewater [56]
and have been found to commonly contain elevated
concentrations of dissolved solids and microbiological
contaminants [57].

Groundwater is currently high quality, except where
seawater intrusion is a problem [58], but testing has
revealed bacteriological contamination of unprotected
sources due to animal and domestic waste [56].

There is a lack of knowledge about groundwater
sustainability, but climate change, reduced water
availability and growing demand are anticipated to
increase pressure on groundwater [58]. Climate change is
expected to lead to saline intrusion in coastal centers [56].
There is a lack of information about the density of
boreholes and volumes of water extracted in urban areas,
though their use is expected to grow due to
underperforming piped water services [56].
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Table 2. Cont.

Current Issues in Urban Areas Current Issues in Rural Areas Uncertainties and Future Pressures

Vietnam

Aquifers supplying Hanoi and Ho Chi Minh City are
considered to be over-exploited and polluted [59,60]
and in Ho Chi Minh City extraction rates are reportedly
five times higher than recharge [61]. Groundwater
levels in Can Tho City in the Mekong Delta are
dropping by up to half a meter each year [62].

Shallow groundwater resources in the Mekong are
characterized by salinization and pollution (likely due to
domestic wastewater), causing increased exploitation of
deeper aquifers (up to 400–50 m) [62]. Indications of
contamination from pesticides: 5 of 22 groundwater
samples in Mekong Delta found to contain levels
exceeding European Commission recommended
concentrations [63].

The impacts of climate change on groundwater are
uncertain. Modeling for a coastal aquifer in central
Vietnam projected a decrease in groundwater resources,
contrary to assumptions that increased rain would result
in increased recharge [64]. Reductions in recharge in the
short, medium and longer term have also been projected in
the Mekong Delta, with a resultant decline in groundwater
levels and storage [65].

Kiribati

A study of the freshwater lens on Bonriki Island [66]
found pumping is causing sustained contraction.
Pollution of shallow freshwater lenses under human
settlements is a serious concern given shallow
permeable soils and short travel times to the water table,
with the result that groundwater in large areas of urban
Tarawa is no longer potable [67].

Studies on outer islands have found E. coli bacteria in
more than 90% of sampled wells, related to proximity to
toilets and other sources of contamination [68,69].

Kiribati extremely vulnerable to climate change due to its
low average altitude (2 m above sea level). Quantity and
quality of groundwater is likely to be affected by both
variations in rainfall and sea level rise [70]. A regional
vulnerability assessment of Pacific Island groundwater
and future climates [71] found Kiribati is one of three
countries with the greatest number of islands most
vulnerable to low rainfall.

Papua
New

Guinea

Monitoring of groundwater very poor and little is
known about the situation in many provincial towns
and almost all district towns [72]. Contamination from
onsite wastewater systems is a concern for urban
centers where groundwater is the source of utility
supplies including Lae, Kimbe and Kavieng [73].

Groundwater still considered to be the safest and most
reliable source of water, and is the only reliable source on
outer islands and in mainland coastal communities [74].

PNG has abundant surface water resources (hence lower
household groundwater reliance) and groundwater
resources have not yet been developed at scale. However,
there is evidence that groundwater is increasingly being
used due to its high quality and reliability [75]. Changing
agricultural practices and the increasing use of artificial
fertilizers, pesticides, herbicides and palm oil mill effluent
(for irrigation) pose a threat to groundwater and surface
water quality [73].

Solomon
Islands

Poor sanitation has led to suspected cases of
groundwater contamination in Honiara, and pollution
is driving a shift from groundwater to rainwater [76].
Contamination of groundwater from sewage outfalls,
septic tanks, unserved informal settlements and a
septage disposal facility has also been reported [77].

Salinization of groundwater is increasing in coastal
villages and atoll islands due to sea water intrusion
during extreme weather events or as a general trend)
[78]. Quality of ground-water and surface water
threatened by chemicals and fertilizers used for palm oil
development on Guadalcanal plains [79].

An assessment of Pacific Is. groundwater and future
climates [71] found Solomon Is. to be one of three
countries with the greatest number of islands most
vulnerable to low rainfall, and one of three countries with
the greatest number of islands most vulnerable to mean
sea-level rise. As well as sea level rise, residential
development and mining have been identified as future
threats to groundwater quality [74].

Vanuatu

Groundwater quality in Port Vila and Luganville
generally good, but poor sanitation is an acknowledged
threat and groundwater levels are decreasing while
pumping is increasing [78].

No concerns evident in literature, and a study across 10
islands found groundwater to be a safer source than
rainwater in microbial terms [80].

A comprehensive and accurate database of the quality,
quantity and location of water resources does not yet
exist [81]. Increasing use of motorized pumps [80] may
impact extraction volumes.
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The process of developing the influence diagram generated three material insights about the
groundwater resource situation and how it affects water service delivery. Firstly, data availability,
regulation of groundwater extraction and type of groundwater access are highly interconnected,
and therefore, warrant particular consideration. Across the case study countries, poor data was
identified as a critical gap that prevents effective resource management and regulation. The type of
groundwater access is pivotal in this picture, with household self-supply or service provider access
and commercial access (e.g., for packaged water) presenting different challenges for monitoring
and regulation compared with publicly managed systems. Secondly, influences on groundwater
quality arise from domestic, agricultural, industrial and natural processes, indicating the need for a
cross-sectoral approach to addressing quality concerns. Thirdly, climate-related pressures arising from
natural variability and climate change emerged as being connected with many other system processes,
and they, therefore, demand attention with a view to building resilience for households relying on
groundwater for drinking.

4. Discussion

The two bodies of information explored in this study—household reliance on groundwater
for drinking supplies and groundwater resource concerns—are both foundational for sustainable
water service delivery. Bringing these analyses together, this discussion explores implications for
WASH professionals across three themes of (i) data gaps and monitoring, (ii) regulatory priorities for
sustainable services, and (iii) building resilience to emerging threats. Points raised in this discussion
reflect an inductive analytical approach, with a focus on those insights most relevant to WASH sector
scholars and practitioners. As such, the focus was on interpreting the findings to inform how water
services are conceptualized, planned and managed. We also note that although pollution from unsafe
sanitation emerged as a common threat to groundwater resources across case study countries, there is
substantial ongoing work in the WASH sector focused on progressing safe sanitation [82,83], so we
focus this discussion on other implications from the analysis. To contextualize the discussion within
current WASH sector framing, where relevant, we draw on the service delivery approach framework of
three institutional levels [18,19] to identify implications for national WASH agencies, service authorities
and service providers.

4.1. Data Gaps and Monitoring

Situating findings from this analysis with reference to academic literature revealed limited research
addressing rates of groundwater use for drinking, with available figures often presented as background
information rather than empirical findings. The overall proportion of the aggregated population
from case study countries found to be using groundwater for drinking (79%) is higher than figures
reported in the literature, which estimate half of the global population to be reliant on groundwater for
drinking [2,5,6,84]. Regional studies estimate that a third of all people in Asia rely on groundwater for
drinking [85,86]. This is substantially different from the 79% found to be groundwater-reliant across
case study countries in this paper. Other than the abovementioned global and regional estimates, there
is limited research addressing rates of groundwater use for drinking [6]. This makes it challenging
to benchmark findings and situate case study countries within a broader set, highlighting a need for
further research to validate the initial estimates presented in this paper and to extend geographic reach.

In urban areas, global monitoring data indicates a trend away from the use of point source
facilities to greater use of piped and packaged water [1,27], with a consequent increasing knowledge
gap in standardized monitoring about which water resources are used in those cases. Foster et al. [14]
estimate that more than 1.5 billion urban dwellers worldwide currently rely on groundwater, which
represents more than three-quarters of the global urban population. Comparable rates of urban
reliance were also identified in this study. However, systematic, comprehensive and reliable data
is acknowledged to be lacking [14,87] and further work is needed to validate both total estimates
of urban groundwater reliance and how these reflect diversity across and within countries. This is
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important given that groundwater use in cities is forecast to increase due to the pressures of population
growth, increasing per capita water use, reduced surface water security (related to climate change) and
higher ambient temperatures [14]. Improving our understanding of the extent to which groundwater
resources are relied upon is particularly critical for small towns and urbanizing rural centers, where
authorities are faced with complex planning challenges and professionalized utilities have not yet
established [88]. Studies in Africa identify a need for urban water suppliers to better coordinate with
agencies responsible for groundwater resource management [89,90]. In Southeast Asian and Pacific
countries, urban water service providers and authorities could similarly play a more active role in
debates and planning for sustainable groundwater resource management.

For WASH sector professionals, particularly at the national level, there is a need to collate
information about the groundwater resource implications of packaged water given its status as a
growing source of drinking water [27] including in countries reviewed in this study (particularly in Lao
PDR, Indonesia, Myanmar and Vietnam). While studies have explored the public health implications
of packaged drinking water [91], its classification within global monitoring standards [27], and equity
and power dynamics [92], sustainability implications have received only limited attention and focused
on plastic waste [93,94] rather than on the relevant water resources. In this study, when compiling
figures on groundwater use, packaged water was typically the most difficult form of use to identify
and quantify. More systematic and rigorous research into the sources and distribution of packaged
water is needed to track what is emerging to be an important part of the global water supply picture.
Taking an equity perspective will be critical, given that the resources supplying packaged water can be
distant from the locations where it is consumed, and given that the associated risks and benefits can
also be widely distributed across different populations.

The use of multiple water sources for different household uses is another critical consideration for
understanding groundwater use, given that drinking water is just one (albeit critical) form of household
water use. Households in low and middle income countries commonly obtain water from a range of
sources, as evidenced by a growing body of literature on multiple water source use (MWSU) [28,80].
In our case study countries, where data allowed, we investigated sources of water used for drinking
and for other domestic purposes to assess how this might affect interpretations of groundwater use. In
some cases, for example, in countries where the use of packaged water for drinking was high (Lao PDR,
Myanmar, Indonesia), the volume of groundwater used was less than the volumes of other domestic
sources (e.g., tap water was sourced from a mix of surface and groundwater). In other cases, we found
that if we based our analysis on primary drinking sources alone, we were likely to underestimate the
importance of groundwater. In rural Vanuatu, for example, a 2016 census included questions on both
main and alternative drinking sources. The use of groundwater was found to be substantially greater
(by a factor of three) when the use of groundwater as a secondary source was included [95]. In Lao
PDR, a study of rural household groundwater use found that some households used point-source
groundwater for non-drinking domestic purposes in situations where reticulated water was used for
drinking [96]. In atoll islands of the Solomon Islands, an analysis of water resources management
found that groundwater is used for washing but not drinking [73]. In Indonesia, anecdotal evidence
suggests households use bottled water for cooking as well as drinking and piped water for washing
and cleaning [97], which aligns with MWSU research indicating a positive correlation between sources
of water for consumptive and non-consumptive uses [98]. In future work looking at groundwater use,
it will be important to consider the MSWU picture, and build on the growing empirical research in
this area.

Moving from groundwater use to resource management, a lack of sufficient data to inform
appropriate groundwater management was identified across case study countries, reflecting a
region-wide gap in groundwater monitoring systems and data [99]. With data and information
acknowledged to be critical for effective groundwater governance [15], there is an urgent need to invest
in monitoring and improve the quantity and quality of groundwater information, including through
approaches such as remote sensing [99]. For the WASH sector, there is an opportunity for service
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authorities and providers to play a direct role monitoring the resources on which they rely, and to
proactively coordinate (for information sharing and strategy development) with agencies responsible
for groundwater resource management.

4.2. Regulatory Priorities for Sustainable Services

Informed by the analysis of groundwater use, resource concerns and system interactions, we
identify regulatory priorities for the WASH sector relating to self-supply situations, monitoring
and management of service providers, and agricultural groundwater extraction. These respond to
acknowledged data gaps (as discussed above) and interconnections between data availability, type
of groundwater access (public or private) and regulation of abstraction (as identified in systems
diagramming).

In the WASH sector, self-supply is seen as a viable strategy for accelerating access to safely managed
water when treated, and supported, as a formal service delivery model [19,100,101]. However, risks
have been identified for groundwater-sourced systems, including the potential for privately-financed
wells used for both drinking and productive activities to result in a drawdown of groundwater
levels [100], and the invisibility of abstraction from, and potential pollution of, aquifers [89]. Much of
the documented experience with supported self-supply has focused on Africa and South Asia [102],
and there is a need to explore how research to date relates to Southeast Asian and Pacific contexts.
In case study countries where the proportion of households using point-source groundwater was
high, studies have reported regulatory challenges because access of this type is commonly on-plot,
self-financed and difficult to monitor. For example, research in Vietnam’s Can Tho Province found
that much more of the groundwater used by households came from private shallow tube-wells than
from utility-managed groundwater plants [62]. In Indonesia’s capital Jakarta, unregistered private
abstraction continues apace despite the institution of regulatory approaches, such as differential tariffs
over the past 20 years [40]. Self-supply is also widespread in rural Cambodia: Of more than 35,000
groundwater point sources included in the WellMap database that include ownership information, 83%
are described as ‘private’, increasing to 91% in areas with elevated arsenic. Although self-supplied water
services are (by definition) managed by individual households, responses from both national agencies
and service authorities are still needed to ensure the safety and sustainability of groundwater-based
self-supply systems.

Second, regulatory frameworks must evolve to ensure adequate monitoring and management of
those abstracting and supplying groundwater to safeguard against unsustainable abstraction and use.
One example is the case of private sector providers, which have particular incentives to maximize
volumes of water sold. Small-scale private water suppliers are increasingly supported by development
agencies [103] and some governments, such as in Vietnam [104] and Cambodia [105]. Research in
Vietnam found private water providers in rural areas seeking to increase customer demand for water as
a strategy to improve business viability, but without consideration of sustainable abstraction rates [104].
These issues are not only relevant to private providers and monitoring and regulation are critical
irrespective of service delivery model. For example, a study in Indonesia’s coastal city of Semarang
identified a need for policy and tariff structures that promote groundwater conservation given the
prevalence of community-based providers supplying artesian water (under both commercial and
non-commercial models) [106]. Water service delivery agencies, particularly at the service authority
level, can play a role monitoring and regulating the operations of service providers, including ensuring
coordination with regulatory requirements for abstraction which may be separately governed by water
resource agencies.

Third, it is important that agricultural groundwater use is regulated to ensure that domestic
supplies are protected. This is evidenced by the situation in south-eastern Cambodia, where rapidly
increasing abstraction for irrigation threatens to make groundwater inaccessible to standard household
pumps within fifteen years [35]. A regulatory response involving the preservation of groundwater for
low-volume, high-priority uses (such as domestic supply) and ensuring agricultural development is
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shaped by available surface water supplies has been proposed [35]. Calls to preserve groundwater for
domestic uses and replace other uses with surface water wherever possible have also been made with
reference to Lao PDR [49] and Vietnam [62]. While agricultural groundwater use is not within the
purview of ministries governing water services delivery, WASH agencies can proactively advocate for
prioritization of domestic supplies within water allocation planning at national and sub-national scales.

4.3. Building Resilience to Emerging Threats

Groundwater threats arising from climate variability and climate change were commonly
identified in the literature across reviewed countries, indicating a need to strengthen the resilience of
groundwater-supplied households. Particular concerns were raised in the climate-vulnerable Pacific
Islands of Kiribati and Solomon Islands [71] and coastal areas in Southeast Asia in Myanmar [54],
Timor-Leste [56] and Vietnam [64,65]. Compared with other water resources, groundwater is considered
less likely to be affected by climate change and it is, therefore, believed to be positioned to form
the basis of adaptation programs [3]. However there remains considerable uncertainty about the
actual relationship between groundwater and climate [107], and the resilience of groundwater-sourced
household supplies to climate-related hazards varies depending on aquifer depth and the quality of
system construction [108,109]. Further, climate-related pressures can indirectly affect groundwater,
as revealed in diagramming conducted in this study. For example, a shift in demand away from
climate-affected water sources to more resilient groundwater sources can ultimately influence aquifer
levels. Taylor et al. [107] identify this threat of overexploitation, forecasting rises in groundwater
abstraction in absolute terms and as a proportion of total water withdrawals. For WASH institutions,
strategies which rely on groundwater as the basis of adaptation pathways need to be carefully
considered in context, along with broader approaches to building resilience, such as being identified in
both urban and rural WASH literature [110,111].

A final consideration relates to emerging contaminants and their potential to pollute groundwater
sources that supply drinking water. Pollution from greywater or agricultural and industrial sectors
was not a strong theme in the reviewed literature, with only three countries (Vietnam, Papua
New Guinea and Solomon Islands) identifying particular areas affected by pesticide and fertilizer
contamination [63,73,79]. However, this area requires attention, given monitoring systems are poorly
equipped to identify the expanding range of contaminants and their impacts [5,112,113]. Global
reviews have found groundwater pollution at environmentally significant concentrations from a range
of pharmaceutical and personal care products (PPCPs), industrial compounds and lifestyle compounds,
such as caffeine [112,113]. PPCPs have been found to be difficult to remove from groundwater,
indicating a need to control their release from the source [112]. There are implications here for WASH
institutions at all levels, with a need for leadership at the national level to ensure emerging contaminants
are on the agenda in cross-sectoral forums and inform future service delivery frameworks governing
groundwater-based systems.

5. Conclusions

This study has established a baseline of populations using groundwater for drinking in ten
Southeast Asian and Pacific nations and identified the breadth of resource issues that must be
considered, analyzed and planned for as part of efforts to expand and sustain water services. The
results of this study confirm groundwater to be a critical source of drinking water for households in
case study countries, with comparable rates of households using groundwater as their primary source
of drinking water in urban (66%) and rural (60%) areas. Our findings point to higher rates of reliance
than commonly reported in the literature, with 79% of the total population across case study countries
found to be drinking groundwater. Our review of literature on groundwater resource concerns across
case study countries found common concerns related to: Pollution from unsafe sanitation, depletion
leading to dry season shortages and subsidence, and both vulnerabilities and uncertainties about
future climate-related pressures and threats.
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Systems diagramming provided insight on the relationships between resource concerns and
household water services, which generated implications relevant to WASH institutions at national,
service authority and service provider levels. These include priorities for further data collation and
analysis, a need to review regulatory approaches that address different models of groundwater-based
service provision (including both private and public), and considerations for strengthening the resilience
of water services.

In taking a multi-country approach, this paper provides comparative data and captures the
diversity of experiences, identifying resource themes and building a generalized model of system
interactions. This can inform global and local action and advocacy around the risks and concerns
raised, as well as inform the scope and focus of future studies within relevant countries at local scales.
These can, in turn, underpin strengthened engagement in groundwater resource management by those
involved in water service delivery, and ultimately strengthen the sustainability of groundwater-based
water services.

Supplementary Materials: The following is available online at http://www.mdpi.com/2073-4441/11/8/1605/s1,
Appendix A Data sources and assumptions for groundwater use calculations.
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4.3 Critical reflections: beyond what to do, exploring how to do it 

A critical reflection of the study is its focus on ‘what’ WASH professionals can do, 

rather than ‘how’ they might strengthen the sustainability of groundwater-based 

water services through collaboration. The published study identified priorities for 

WASH professionals at national, service authority and service delivery levels in 

areas of data collation, regulation, and resilience-building. Action in these areas 

requires collaboration between multiple WASH and water resource management 

actors and agencies, and integration across disciplinary perspectives. While the 

priorities identified in the study remain relevant, further consideration about how 

integration can occur is warranted, given the inherent challenges involved in 

bridging disciplinary epistemologies (Wickson et al., 2006). 

A particular challenge in bridging epistemologies is integrating natural science 

perspectives, which tend to favour reductionist approaches, with those 

characteristic of social sciences, which tend towards contextual approaches 

(Mauser et al., 2013). The recommendation in the publication that WASH agencies 

coordinate with water resource management authorities on monitoring and the 

prioritisation of domestic supplies, for example, requires integration between 

scientific, management and service delivery orientations. Reflections regarding the 

importance of bridging disciplinary perspectives to support collaborative action 

underpinned engagement with WASH professionals’ worldviews in study 4 

(Chapter 6) and ideas about engagement with purpose in the inquiry’s synthesis 

(Chapter 7). In these parts of the inquiry, I explored how transdisciplinary 

conceptions  of purpose (after Jantsch, 1970) could inform ‘how’ sustainability is 

foregrounded in WASH by aligning everyday actions with longer-term imperatives. 

4.4 Summary 

This chapter presented an in-depth study on the use of groundwater as a source of 

drinking water in ten Southeast Asian and Pacific nations, and associated resource 

concerns. The analysis found that 79% of people in case study countries use 

groundwater as a source of drinking water, demonstrating the importance of 

groundwater resources for achievement of the human right to water. It identified a 
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breadth of groundwater resource concerns relevant for WASH professionals, and 

suggested implications for WASH agencies, service authorities and service 

providers. Priority areas for attention were identified as addressing data gaps and 

monitoring, strengthening regulation of self-supply and abstraction by different 

actors, and building resilience to emerging threats. In reflecting on the publication in 

the context of this thesis, I emphasised the challenges involved in bridging WASH 

and water resource management realms given worldview and epistemological 

diversity (ideas that are explored in Chapters 6 and 7). The next chapter presents 

the inquiry’s second in-depth study  – an analysis of the life-cycle costs of a 

resource-oriented sanitation system in urban Sri Lanka. 
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5 Chapter 5 Study of life-cycle costs of resource-oriented 

sanitation 

5.1 Overview 

This chapter presents the third publication included in this ‘thesis by compilation’. 

The article, Life-cycle costs of a resource-oriented sanitation system and 

implications for advancing a circular economy approach to sanitation was published 

in the Journal of Cleaner Production in 2021. As described in the orientation to Part 

II of this thesis, the study explored in depth what it costs, and who pays, to prioritise 

a resource-orientation in sanitation service delivery. Following presentation of the 

publication, I critically reflect on the published study in light of the inquiry as a 

whole, identifying relevant insights regarding how the case study scheme was 

established, and use of the circular economy concept as a sustainability narrative. 

5.2 Publication 3 — Life-cycle costs of a resource-oriented sanitation 

system and implications for advancing a circular economy approach 

to sanitation 

Publication 3 is an open access article in the Journal of Cleaner Production and is 

included in this thesis in its published form. The publication is available online at 

https://doi.org/10.1016/j.jclepro.2021.127135. 

https://doi.org/10.1016/j.jclepro.2021.127135
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a b s t r a c t

Implementing a circular economy approach to sanitation requires knowledge of the costs to construct,
operate and maintain resource-oriented systems. Yet the dearth of data on costs of urban sanitation in
general, and resource-oriented systems in particular, limit opportunities to progress sustainable sani-
tation in low- and middle-income countries. This paper contributes empirical data on the life-cycle costs
of a resource-oriented sanitation system in urban Sri Lanka, addressing a gap in evidence about how
much it costs, and who pays, for a system that integrates fecal sludge management with nutrient capture
and reuse. Costs across the system life-cycle were analyzed according to: (i) cost type; (ii) phases of the
sanitation chain; and (iii) distribution between actors. Over a 25-year lifespan, the system had an
annualized cost of USD 2.8/person or USD 11/m3 of septage treated. Revenue from co-compost sales
covered reuse-related costs plus 8% of present value costs for other phases of the sanitation chain.
Findings affirm both the potential for resource-oriented sanitation to generate revenue, and the need for
substantial complementary investment in the overall system. The system was found to be reliant on
household investment, yet financially viable from the service provider perspective with revenue from
desludging services (89%) and co-compost sales (11%) that exceeded costs over the system lifespan and in
most years. The analysis of total costs, financial perspectives, and reuse specifics contributes critical
evidence to inform policy and planning that supports a purposeful and equitable transition towards
circular economy approaches to sanitation.

© 2021 Elsevier Ltd. All rights reserved.
1. Introduction

There is a growing body of research and practical experience
exploring opportunities for beneficial reuse of human excreta.
Sanitation approaches that incorporate reuse are variously framed
as resource-oriented sanitation (Hashemi et al., 2018) (the term
adopted in this study), regenerative sanitation (Koottatep et al.,
2019), sustainable sanitation (Andersson et al., 2016), resource re-
covery and reuse (Rao et al., 2017) and ecological sanitation (Simha
and Ganesapillai, 2017). The benefits of sanitation-related reuse are
cross-sectoral and far reaching, including partially offsetting
treatment costs, providing alternatives to expensive or non-local
inputs (such as synthetic fertilizers) and improving access to re-
sources for constrained populations (Trimmer et al., 2020). End
arrard), N.Jayathilake@cgiar.
etts).
products can be used as soil conditioner or fertilizer in agriculture,
fuel for combustion, generation of energy through biogas, animal
feed, or in building materials (Diener et al., 2014). With a focus on
low- and middle-income countries where sanitation systems are
rapidly developing, ‘reuse over disposal’ has been identified as a
theme of recent environmental science literature (Hyun et al.,
2019).

Increasingly, sanitation systems incorporating reuse are being
positioned within the circular economy discourse (Danso et al.,
2017; Mallory et al., 2020a; Moya et al., 2019; Schroeder et al.,
2019; Sgroi et al., 2018). However, reflecting divergence in circu-
lar economy conceptions generally (Kirchherr et al., 2017; Merli
et al., 2018), the relevance of circular economy concepts to sanita-
tion has yet to be comprehensively defined and interrogated
beyond a central reference to resource-oriented systems that
facilitate beneficial reuse of humanwaste.Within literature focused
on sanitation in low- and middle-income countries, circular econ-
omy debates are dominantly concerned with business models
(Otoo et al., 2018), with a particular focus on the potential (or not)
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for revenue generation, cost recovery and incentivizing investment
(Danso et al., 2017; Diener et al., 2014; Mallory et al., 2020b; Rao
et al., 2017). This business model orientation is consistent with
wider circular economy literature, which tends to emphasize eco-
nomic aims and be less concerned with the reality that realizing a
circular economy requires holistic systemic change to achieve its
central aim of sustainable development (Kirchherr et al., 2017).

Nevertheless, the potential for circular economy approaches to
sanitation to address both human and environmental concerns and
achieve sustainable development has been recognized by the in-
ternational community. Sustainable Development Goal (SDG)
target 6.3 is to improve water quality by 2030, including through
“halving the proportion of untreated wastewater and substantially
increasing recycling and safe reuse globally” (United Nations, 2015).
In tandem with SDG target 6.2 e achieving sanitation and hygiene
for all e these widely accepted normative directions demand that
the global sanitation sector focuses on solutions that facilitate safe
reuse. The relevance of circular economy concepts to this aim has
been affirmed in a review identifying a strong relationship between
circular economy practices and SDG 6 targets (Schroeder et al.,
2019).

Prioritizing safe reuse in sanitation requires redressing a ten-
dency for resource-oriented systems to be pilot or niche in nature,
lauded through rhetoric but lacking integration within larger sys-
tems and markets (Carrard and Willetts, 2017; Schrecongost et al.,
2020). There is a need for further research about, and imple-
mentation of, resource-oriented systems at city or whole-of-
community scales. Implementing such systems at scale demands
a shift of perspective away from ‘whether’ resource-oriented sys-
tems can achieve cost recovery or incentivize investment e as is
reflected in literature linking circular economy ideas with sanita-
tion to date (Mallory et al., 2020a)e towards ‘how’we can properly
finance andmanage systemswhere reuse is the requisite end-point
of the sanitation chain.

To normalize a resource-orientation in the planning and de-
livery of sanitation services, it is critical to build evidence about the
full costs of such systems. Economic and financial analysis of the
costs of urban sanitation generally is a growing field of research
(Daudey, 2018; Mills et al., 2020). Yet substantial challenges persist
related to data availability and to the quality and comprehensive-
ness of cost studies. Daudey (2018) suggests a particular need for
contextualized studies that identify the full range of costs associ-
ated with service delivery, across a system life-cycle, taking into
account all phases of the sanitation chain.

Studies that identify the distribution of costs between actors is
also a gap (McConville et al., 2019). Consideration of the financial
perspectives of different actors is essential for the design of cost-
sharing arrangements that ensure sanitation is affordable for all
and support service providers with the requisite level of public
investment, given sanitation's status as a public good (Schrecongost
et al., 2020). More generally, there is opportunity to move beyond a
project assessment approach to costing, towards closer analysis and
monitoring of the financial characteristics of sanitation systems.
Analysis of the financial dynamics of different configurations is
critical for addressing a history of public underinvestment in
sanitation service delivery and a lack of focus on financial viability
(Schrecongost et al., 2020).

The need for contextualized, comprehensive, actor-oriented cost
analyses is similarly apparent for resource-oriented sanitation
systems specifically. A body of studies discuss the potential for
resource-oriented sanitation to improve the financial viability of
sanitation chains (Andersson et al., 2017; Diener et al., 2014; Otoo
et al., 2018; Rao et al., 2017), while others include reuse options
in comparative analyses of sanitation system costs (Dodane et al.,
2012; McConville et al., 2019; Willetts et al., 2010). However most
2

studies to date report projected rather than observed data, with a
tendency to overestimate the value of reuse-related revenue
(Mallory et al., 2020b). Building empirical evidence about the total
costs of resource-oriented systems over their life-cycle, and across
the full sanitation chain, can reveal opportunities for system opti-
mization, underpin system sustainability by identifying the types
and timing of investments required, and provide a foundation for
the design of optimal cost sharing and financing arrangements.

This study contributes an analysis of the life-cycle costs of a
resource-oriented sanitation system serving an urban area of Bal-
angoda in Sri Lanka. In Sri Lanka, reflecting the urban sanitation
situation globally, there is a critical need for improved excreta
management, and considerable potential for reuse. The dominant
form of sanitation in Sri Lanka is onsite systems, with 86% of
households using septic tanks or pits (Ministry of City Planning and
Water Supply, 2018). In urban areas, disposal of septage (solids and
liquids removed from on-site sanitation) is a major problem faced
by local authorities (Ministry of City Planning and Water Supply,
2018). Only 2% of households in Sri Lanka are connected to
sewerage systems (Government of the Democratic Socialist
Republic of Sri Lanka, 2018), with the majority of septage dis-
charged into the environment without adequate treatment (ADB
et al., 2017). Government policy articulates a need for sanitation
initiatives to focus on improved septage management, including
through treatment for safe reuse (Government of the Democratic
Socialist Republic of Sri Lanka, 2017). There is both a need and
opportunity to inform operationalization of the policy, including
contributing evidence on the costs of sanitation reuse systems.

The resource-oriented sanitation system presented in this paper
has been operating for a decade, and therefore provides locally-
grounded, broadly relevant data on the costs of sanitation sys-
tems based on onsite containment, transport, treatment and reuse.
With onsite systems used by 60% of households in Central and
Southern Asian cities (UNICEF and WHO, 2019) and an estimated
66% of households in low- and middle-income cities worldwide
(Berendes et al., 2017), the study has substantial potential to inform
the implementation of resource-orientated sanitation globally.

We preface the analysis by noting the position of the authors
that we must, wherever feasible, make reuse a part of sanitation
planning and financing (Carrard and Willetts, 2017), in alignment
with the SDGs and principles for citywide inclusive sanitation
(Lüthi et al., 2020). We view this as a normative goal rather than
one requiring justification through a promising business case, in
line with the circular economy imperative to pursue systemic
change (Kirchherr et al., 2017) and be regenerative and distributive
by design (Raworth, 2017a). As such, the aim of this study was to
explore in detail the cost-profile of a sanitation systemwith a view
to informing future planning, investments, and cost-sharing ar-
rangements for resource-oriented sanitation in Sri Lanka and more
widely.

We first describe the details of the system under consideration
and approach to costing.We then present and discuss findings from
the analysis across three themes: total costs of the system over its
lifespan; the distribution of costs between system actors, with a
particular focus on the perspective of local government as service
provider; and specifics of the reuse phase of the sanitation chain,
including a discussion of critical considerations regarding cost
optimization and system expansion.

2. Methods

2.1. Study objectives and context

The study explored sanitation system costs, and associated
financial perspectives, in the context of a broader agenda to
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facilitate the application of resource-oriented sanitation systems at
scale. The objective of the study was to identify the life-cycle costs
of the resource-oriented sanitation system in Sri Lanka, taking into
account actual incurred costs since system establishment and
anticipated future required investments. Costs were analyzed by
cost category, phase of the sanitation chain and from the per-
spectives of the main system actors. Analysis included an in-depth
focus on costs associated with the reuse phase of the sanitation
chain, and consideration of the role of local government as a
resource-oriented service provider. The study was approved by the
University of Technology Sydney Human Research Ethics Com-
mittee (Reference: ETH18-2522) and aligned with the International
Water Management Institute Research Ethics Policy.

The analysis case is a fecal sludge management system in Bal-
angoda, an urban centre in Sabaragamuwa Province of Sri Lanka
with a population of approximately 30,000. Balangodawas selected
for analysis due to the presence of an operational e and reportedly
successful (Otoo et al., 2018; Rao et al., 2017) e example of a city-
scale fecal sludge management system that incorporates reuse of
treated sludge for productive agricultural use. Insights from the
Balangoda case are relevant across Sri Lanka, where the 2018 Na-
tional Sanitation Policy and national SDG targets to achieve safe
sanitation (Ministry of City Planning and Water Supply, 2018) are
driving investment in fecal sludge (as well as wastewater) treat-
ment systems across urban centers. Results are also relevant more
widely, given the prevalence of fecal sludge-based sanitation sys-
tems around the world in low- and middle-income countries.

The characteristics of the sanitation system are typical of urban
contexts in Sri Lanka and other low- and middle-income countries.
It comprises: household containment tanks (of various sizes and
specifications); on-demand desludging by vacuum truck; trans-
portation; and passive (gravity-based) treatment of septage at a
fecal-sludge treatment plant (FSTP) comprising a receiving tank,
two sedimentation tanks, an effluent treatment facility and drying
beds (see supplementary material for a system diagram). The FSTP
has capacity of 15m3/day and average actual throughput of
10e12m3/day. In Balangoda, dried fecal sludge is mixed with
compost derived from the organic fraction of municipal solid waste
to produce co-compost, which is pelletized for sale. The co-
compost contains municipal solid waste compost (100 parts),
dried fecal sludge (30 parts), mineral rock phosphate (10 parts) and
rice husks (5 parts). The entire system is owned and operated by
the local authority, Balangoda Urban Council. The fecal sludge
treatment plant was constructed in 2008 at Council's already-
operational municipal solid waste facility. A pilot-scale pelletizer
was added to the system in 2016 by way of donation from the In-
ternational Water Management Institute.

2.2. Approach to costing

The costing method was informed by a life-cycle costs approach
adapted for water, sanitation and hygiene (WASH) analyses through
the WASHCost initiative (Fonseca et al., 2011), and principles of
integrated resource planning adapted for urban water and sanita-
tion systems (Mitchell et al., 2007; Willetts et al., 2010). Life-cycle
costing involves aggregating the full range of costs of ensuring an
adequate, equitable and sustainable service to a population in a
specified area (Fonseca et al., 2011). Three characteristics of the life-
cycle costs approach justified its application in this analysis. First,
the approach is oriented towards delivery of sanitation services
rather than project evaluation. It seeks to articulate the full costs of
providing a specified service (in this case sanitation incorporating
reuse) such that they can be planned for, rather than informing
project evaluation (Ratna Reddy et al., 2012). Second, the life-cycle
cost approach uses defined and comprehensive cost categories that
3

facilitate a systematic process of identifying all costs involved in
service delivery. The use of defined cost categories e and in
particular the inclusion of non-annual capital maintenance costs e
makes transparent the types and timing of investments required.
Third, application of life-cycle costing in the WASH sector intends
to be directly useful for decision makers by improving under-
standing of the full costs of different sanitation systems and im-
plications for what finance is needed, when, to ensure continued
service delivery (Fonseca et al., 2011). In this study, articulating the
full costs of a resource-oriented sanitation system (and zooming in
on the reuse component) can inform future similar investments,
including laying a foundation for system optimization and identi-
fication of potential cost efficiencies.

Integrated resource planning is a holistic approach that accounts
for both material flows and financial exchanges required to achieve
a defined service outcome (Beecher, 1996; Mitchell et al., 2007;
Willetts et al., 2010). As such, integrated resource planning aligns
well with the principles of citywide inclusive sanitation and the
WASHCost life-cycle costing approach. Two principles from inte-
grated resource planning as described by Mitchell et al. (2007)
usefully informed the study. First is the explicit definition of an
appropriately holistic system boundary. In this study, the system
encompassed all phases of the sanitation chain (containment
through to disposal/reuse) and a clear costing boundary was arti-
culated that incorporated financial costs and benefits but excluded
externalities (as discussed in section 2.4). Second, an integrated
resource planning approach emphasizes the importance of
applying appropriate cost perspectives. In this analysis, all financial
costs and benefits were included to determine whole-of-society
costs (as advocated for in both life-cycle costing and integrated
resource planning approaches), with a secondary analysis exploring
the distribution of costs between primary system actors.

Costs were identified for four phases of the sanitation service
chain: (1) containment; (2) transportation and emptying; (3)
treatment; and (4) reuse. Containment was deliberately included,
in contrast to many sanitation costs analyses (Daudey, 2018), to
ensure potentially substantial costs incurred by households e

which are often overlooked (Danert and Hutton, 2020) e were
considered and made transparent. The costing boundary was
defined to incorporate all costs borne by the primary system
stakeholders, namely the local authority (as the service provider)
and households (as the main service users). Finance provided by
the national government and the costs of a pelletizer donated by
the International Water Management Institute were also included.
In this system, service users include smaller commercial and some
institutional premises, as well as households. For simplicity,
‘households’ were used as a proxy for all users, as they are the
dominant group in this mix. The costing analytical boundary is
shown in Fig. 1.

In defining the costing boundary, it is important to acknowledge
that the resource-oriented sanitation system sits within, and is
dependent on, a larger system that includes municipal solid waste
management and agriculture. The wider system costs and impli-
cations for interpretation of this study are discussed further in
Section 3.1.

Cost datawas sourced fromwritten records and semi-structured
interviews with government officials involved in establishing and/
or operating the sanitation service system. Cost categories
described in the WASHCost life-cycle costing approach (Fonseca
et al., 2011) were used to identify the range of relevant costs to
include. For the system in question, this comprised: capital
expenditure; operational expenditure; capital maintenance
expenditure; and support costs. Data resolution was not sufficient
to separate direct and indirect support costs as described in the
WASHCost methodology, so they are included as a single category.
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The cost of capital was also considered but was not relevant in this
case as all finance was provided through grants or capital works
budgets. Revenue associated with the sale of co-compost was
included based on the median of available data (10 years) with
sensitivity analysis conducted for a 95% confidence interval of the
mean. Household payments for desludging services (when taking
the local government perspective) were also included. Costs were
apportioned to the sanitation system (from wider system costs)
based on the ratio of fecal sludge included in co-compost, and the
marginal difference in sale price achieved when selling the more
nutrient-rich product. Cost estimates relied on a mix of actual
(historic) costs reported in current values, and hypothetical costs
predicting likely future investments required for the system to
function as intended over time. Costs included in the analysis are
described in supplementary material.

2.3. Data analysis

A spreadsheet-based model was used to calculate the net pre-
sent value of life-cycle costs over a 25-year system lifespan. The
analysis timeframe was defined to reflect the expected asset
replacement period for household tanks and treatment compo-
nents (as reported in interviews) and ensure that long-term oper-
ation and maintenance costs were included in the analysis. The net
present value calculation applied a discount rate of 10%, which is
the rate used by the Sri Lankan Department of National Planning.
Relevant costs identified during semi-structured interviews were
aggregated according to WASHCost cost categories described
above. The frequency of capital maintenance costs was predicted by
key informants and included in the model when incurred (rather
than annualized) to show the timing of required investments. All
costs were converted to 2018 US dollars by applying deflator factors
(World Bank, 2019a) and a period average exchange rate of USD 1
equal to LKR 162.465 (World Bank, 2019b).

Analyzed costs were disaggregated according to cost category,
phase of the sanitation chain, and cost perspectives. Costs are re-
ported as net present value and annualized per person costs, the

latter to situate costs relative to those reported in other studies. A
cost per m3 of septage treated was also calculated as a metric that
reflects the cost of actual service provided: the amount of septage
that is treated. Reflecting inherent uncertainties in the input data
(particularly for future projections), cost findings are reported to
two significant figures. Sensitivity analysis examined the impact of
a lower discount rate (6%) and changes in assumptions about the
population served. The cost per m3 of septage treated provides an
alternative metric given uncertainty about the population served.

3. Results and discussion

This section presents and discusses findings from the analysis
including: (i) system costs across different cost categories and
phases of the sanitation chain; (ii) the distribution of system costs
between actors; (iii) detailed analysis of the reuse phase, including
cost drivers and implications for extending the reach of resource-
oriented sanitation; and (iv) areas for further research.

3.1. System costs

The sanitation systeme from containment to reusee has a total
net present value of approximately USD 370,000, with an annual-
ized per person cost of USD 2.8 (equivalent to USD 12 per house-
hold) and cost of USD 11 per m3 of septage treated. Sensitivity
analysis using a lower discount rate found a comparable annualized
per person cost. System costs are shown in Table 1 and Fig. 2 by cost
category and phase of the sanitation chain. Treatment costs rep-
resented the largest portion of total system costs (35%) followed
closely by containment costs (33%), which were included as part of
capital maintenance expenditure to reflect the staggered nature of
household tank replacements over time in established urban areas.
The cost of emptying and transfer constitute just over a quarter of
the costs (28%), with investments required for reuse a far smaller
portion (4%). Costs associated with reuse portion of the chain are
net positive, with revenue from co-compost sales covering costs
associated with preparing compost for sale plus 8% of the present

Fig. 1. Costing boundary showing financial flows included in the analysis. The direction of arrows indicates the direction of financial flows.
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value costs for other phases of the sanitation chain. Reuse costs are
discussed further below in section 3.3. The summary of costs by
category shows that capital maintenance costs exceed other cate-
gories due to the inclusion of household tanks, which account for
78% of all capital maintenance expenses.

The timing of costs over the system lifespan e and therefore
required investments e is illustrated in Fig. 3. The system requires
an annual investment of around USD 22,000, a figure which in-
cludes operational costs borne by the service provider and rolling
household tank replacements. A more detailed breakdown of how
costs are borne by different stakeholders is provided below in
section 3.2. The higher costs incurred approximately every five
years represent required capital maintenance investments in
desludging trucks, the treatment facility and the compost
pelletizer.

The annualized per person cost found in this study (USD 2.8/
person/year) is lower than other sanitation cost analyses. Studies in
Kampala, Uganda (McConville et al., 2019) and Dakar, Senegal
(Dodane et al., 2012) found annualized per person operating costs
for full-chain fecal sludge management systems of USD 14 and USD
11.6 respectively. A study of the costs of full-chain fecal sludge
management systems globally found annualized per person costs

in the range of USD 6.3e24 (Cairns-Smith et al., 2014). Costing
studies of onsite systems in Dhaka, Bangladesh (Ross et al., 2016)
and Johannesburg, South Africa (Manga et al., 2020) found per
household annualized costs of approximately USD 100 and USD 150
respectively, pointing to higher per person costs than was found in
the Balangoda analysis. It is important to note that different
methodologies and included costs make direct comparison of costs
across studies inappropriate, however it is clear that the Balangoda
system has a relatively low per person cost.

The lower costs found in this study are explained by the sani-
tation system's integration within a wider municipal solid waste
facility and passive treatment design. Because the FSTP was con-
structed on the existing municipal waste management site, capital
costs did not include land or road construction. Road and facility
construction costs amounting to USD 300,000 were incurred as
part of compost plant establishment in 2003 (equating to approx-
imately USD 1 million in 2018 values), financed by the Central
Environmental Authority through its Pilisaru program and Pro-
vincial Council (Otoo et al., 2018). Land was provided at no cost
from the Land Reform Committee (Otoo et al., 2018). The passive
treatment design keeps operational costs low, requiring no elec-
tricity and few manual laborers (who also work within the wider

Table 1
Present value costs of the sanitation system by cost category and sanitation chain phase.

Containment Emptying & transport Treatment Reuse Total costs by category

Capital costs 0 �49,000 �77,000 �4,700 �130,000
Operational costs 0 �52,000 �39,000 �7,400 �99,000
Capital maintenance costs �140,000 �14,000 �25,000 �1,900 �180,000
Support costs 0 0 �8,400 �1,300 �9,700
Revenue 0 0 0 46,000 46,000
Total costs by phase of sanitation chain �140,000 �120,000 �150,000 31,000 �370,000

All costs are shown in USD 2018 values to two significant figures.

Fig. 2. System costs (NPV) across the sanitation chain shown by cost category.
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Fig. 3. System costs over time. The required annual investment in most years is USD 22,000, with higher capital maintenance investments required approximately every five years.
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municipal solid waste plant). Integration of the sanitation system
within an existing waste facility means Balangoda cost findings are
applicable in other Sri Lankan cities, where more than 100 similar
composting facilities exist. However, in interpreting their relevance
to other contexts where these facilities are not common, costs of
the wider system would need to be factored into analysis and
planning.

It is also important to note that the per person annualized cost
found for the Balangoda system is calculated from assumptions
about the actual population served, size of household tanks and
desludging frequency, all of which have a degree of uncertainty
given the absence of validated data and anecdotally wide variation
in household practices. To validate findings, calculations were
repeated for a range of scenarios based on different assumptions
about tank sizes and desludging frequencies, all of which resulted
in a per person annualized cost of USD 2.3e2.8. The reported figure
of USD 2.8 is considered the most reliable of these, being based on
Council records of revenue received from desludging services and a
schedule of fees charged to households and other service users. The
assumptions and scenarios underpinning these calculations are
further detailed in supplementary material. For future sanitation
cost analyses, acknowledging a widespread lack of data on house-
hold tank sizes and desludging frequencies, we propose that
reporting a metric based on the cost of actual septage treated (USD
11/m3 treated each year in Balangoda) could be a helpful addition to
reporting of per person annualized costs.

3.2. Who pays? The distribution of system costs

Exploring the financial perspectives of system actors is an
essential foundation for sustainable and equitable sanitation ser-
vices. Articulating who pays (and when costs are incurred) for
6

different system components can inform equitable distribution of
costs and ensure ongoing costs are planned for and adequately
financed. The distribution of costs in the Balangoda case (Table 2;
Table 3; Fig. 4) is typical of similar onsite sanitation systems. In-
sights from the analysis (discussed in turn below) relate to: the
system reliance on household investment; the substantial revenue
received by the local government (as service provider) from
desludging fees and fertilizer sales; and a simplicity in the distri-
bution of costs that would shift with involvement of private sector
service providers.

Households bear the largest share of costs. More than three-
quarters of the whole-of-life costs are borne by households, and
just 23% is borne by the local authority. Household costs comprise
investment in onsite containment (constituting a third of costs
borne by households) and fees paid for desludging (two thirds of
household costs). Fees paid for desludging were excluded from the
total system costs as they represent transfer payments between
households and Council from a whole-of-society perspective, but
are included in the analysis of who pays given their importance for
exploring the financial perspectives of system actors.

Substantial household investment is a characteristic feature of
onsite sanitation systems (Daudey, 2018; Dodane et al., 2012;
McConville et al., 2019; Satterthwaite et al., 2019). This has
important implications for equity, with unaffordability driving
unsafe practices for lower-income households (for example
improper containment and insufficient frequency of desludging). In
Balangoda, population calculations indicate that the Council-
operated desludging service is used by approximately half the
town population, raising questions as to how septage is dealt with
by remaining households. Consideration of how to ensure services
are affordable for all is demanded from government agencies
responsible for service oversight, which may include subsidization
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of onsite systems as is common for sewer systems (Gambrill et al.,
2020). More generally, further research on household investment
in sanitation services is warranted, given household investments
are a significant, poorly understood and largely ignored part of the
water and sanitation financing picture (Danert and Hutton, 2020).

The perspective of the local government service provider con-
trasts markedly with that of households, with revenue that exceed
costs over the system lifespan and in most years of service. At the
time of system establishment, local government investment was
matched by a grant from the national government, which sup-
ported construction of the FSTP. On an annual basis, revenue from
household payment of desludging fees plus sale of fertilizer is
sufficient to cover the ongoing costs associated with desludging,
treatment and reuse aside from one point in time (year 15) where
forecast capital maintenance costs are more substantial and addi-
tional finance (in the order of USD 30,000) would be required. From

the service provider (Council) perspective, the sanitation system
therefore achieves financial viability on a user pays basis; an often-
idealized though disputed approach to financing service delivery in
the water and sanitation sector (Franceys et al., 2016).

However, the reality of government budgeting processes means
that sanitation-related revenue is not necessarily used to cover
ongoing sanitation system costs. In Balangoda, revenue from sale of
co-compost is earmarked in budgeting processes for reinvestment
in the waste management system (along with revenue from sale of
recyclable waste) and therefore contributes to covering ongoing
costs. In contrast, desludging fees received from households are
directed to a common revenue pool, which is subject to annual
negotiations about priority investments across a range of Council
services. With revenue from desludging services constituting 89%
of the modelled financial benefits, the extent to which Council can
rely on sanitation-related revenue to cover ongoing system costs is

Table 2
Distribution of costs between actors for each phase of the sanitation chain.

Local govt National government Households Donation

Containment 0 0 �140,000 0
Emptying and transfer 250,000 0 �360,000 0
Treatment �110,000 �37,000 0 0
Disposal/reuse 35,000 0 0 �3,600
Total 170,000 �37,000 �500,000 �3,600

Table 3
Distribution of costs between actors for each cost category.

Local govt National government Households Donation

Capital costs �90,000 �37,000 0 �3,600
Operational costs �41,000 0 �360,000 0
Capital maintenance costs �99,000 0 �140,000 0
Support costs �9,700 0 0 0
Revenue 410,000 0 0 0
Total 170,000 �37,000 �500,000 �3,600

Fig. 4. Costs by actor. Households bear the greatest costs, revenue outweighs costs for the local authority as the service provider.
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uncertain. As such, earmarking of sanitation-related revenue e for
the reuse phase and more widely e is an important factor in
determining how the modelled cost-profile of an urban sanitation
system plays out in practice. Furthermore, in contexts with an
active private desludging market (as is the case in many low- and
middle-income cities including elsewhere in Sri Lanka), additional
thought would be required to arrange transfer payments such that
Council is able to cover whole-of-system costs, and businesses are
incentivized to discharge at the FSTP.

3.3. The reuse sub-system: detailed costs and implications

In this section we present detailed findings for the reuse phase
of the Balangoda system and discuss implications for investment in
resource-oriented sanitation systems in Sri Lanka and more widely.
Implications suggest that: (i) reuse-related revenue makes a
moderate contribution to whole-of-system financial viability and
other sources of finance (from households or government) are
needed for the whole system to function; (ii) detailed costing of the
reuse sub-system can inform optimization of its financial contri-
bution, making apparent key cost drivers and testing assumptions
about the value of different system investments; and (iii) to extend
the reach of resource-oriented sanitation systems, there is a need
for further analysis of pathways for system expansion.

The reuse sub-system generates a net surplus over the system
lifespan and on an annual basis. Over the lifespan, present value
costs of USD 15,000 and financial benefits of USD 46,000 result in a
total net benefit of USD 31,000. Sensitivity analysis based on the
range of recorded revenue values found a minimum net benefit of
USD 30,000 and a maximum of USD 78,000, indicating our findings
are conservative regarding revenue potential. The proportional
distribution of present value reuse costs are shown in Fig. 5,
including pelletizer purchase (23%) and replacement (13%), elec-
trical connection (7%) and running costs (4%), phosphate valoriza-
tion (15%), bags (30%) and licensing and inspection fees paid to the
Central Environmental Authority (8%).

The reuse sub-system has a net benefit over the system lifespan,
however revenue from reuse makes a relatively small contribution
to wider system costs. On an annual basis, revenue from the sale of

co-compost is sufficient to cover just under half (43%) of the annual
operating and support costs for other phases of the sanitation
chain. Over the system lifespan, revenue (after covering reuse-
specific costs) equates to approximately 10% of present value
costs of the wider system. More specifically, it represents 8% of
present value costs of containment, emptying/transport and
treatment and 12% if containment (household) costs are excluded.

Findings affirm that resource-oriented sanitation can generate
revenue in practice, but suggest caution in asserting the potential
for a resource-orientation to drive investment in sanitation services
at whole-of-system scale, as has been hypothesized (Diener et al.,
2014; Murray and Ray, 2010). The inability of reuse to underpin
overall system profitability has been similarly identified in analyses
of reuse systems in India (Center for Water and Sanitation - CEPT
University, 2019) and in Haiti and Kenya (Moya et al., 2019). A re-
view of the financial value of fecal sludge reuse from 43 studies in
low- and middle-income countries also found resource recovery to
have a limited role in the overall financial viability of resource-
oriented sanitation systems (Mallory et al., 2020b). Further, while
resource-oriented sanitation options have been found to have
lower costs than traditional systems in economic cost comparisons
(Hashemi and Boudaghpour, 2020; Shi et al., 2018), this does not
signify potential for full financial cost recovery and specific atten-
tion on financial viability for whole-of-chain systems is required
(Schrecongost et al., 2020). As such, while a resource-orientation
can improve the overall financial profile of a sanitation service
and partially offset required public investment, additional finance
will be required to ensure the viability of earlier phases of the
sanitation service chain as preconditions for a successful reuse
scheme.

The contribution of reuse-related revenue is nevertheless
meaningful and warrants detailed analysis towards cost optimiza-
tion. In Balangoda, costs associated with the reuse phase of the
sanitation chain are driven by the decision to pelletize the co-
compost, which raises questions about whether investment in
pelletization is financially justified. Costs related to pelletization e

including purchase of the pelletizer, an electrical connection fee,
machine replacement and electricity running costs e constitute
almost half of all reuse-related expenditure. In this case, pelletizer

Fig. 5. Pelletizer-related costs constitute almost half of all life-cycle costs associated with the reuse sub-system.
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purchase (17% of reuse costs) was externally financed in the form of
a donation from the International Water Management Institute,
however ongoing annual costs and future maintenance costs are
borne by Balangoda Urban Council as the service provider.

The decision to pelletize co-compost was justified by Balangoda
Urban Council based on two assumptions: first that a pelletized
product can retail for double the price of a non-pelletized product
(USD 0.12/kg instead of USD 0.06/kg); and second that pelletization
increases demand for the product in a market accustomed to
applying pelletized commercial fertilizer. Pelletization has also
been identified as a strategy to address perceived cultural barriers
associated with handling and using a compost containing dried
fecal sludge (Otoo et al., 2018). There is mixed evidence from
literature about the validity of these assumptions. Pelletization is
claimed to command higher prices, improve usability, achieve a
steadier rate of nutrient release compared with traditional
powdered fertilizers, and enable access to new markets (including
through reducing transport costs and improved product desir-
ability) (Moya et al., 2019; Nikiema et al., 2013; Otoo et al., 2018).
Yet consumer willingness to pay is uncertain. A study in Kampala,
Uganda found that while farmers prefer a pelletized product, the
modelled cost of pelletization exceeded farmer willingness to pay
for this attribute (Danso et al., 2017). A study in the Sri Lankan
district of Nuwara Eliya found higher willingness to pay for fecal
sludge-fortified compost in powdered, rather than pelletized, form
(Waidyarathne et al., 2018), though willingness to pay relative to
costs was not considered in this case. Further empirical evidence, in
the form of future sale records and pelletizer-related costs
(including validation of modelled future costs), is required to assess
whether pelletization is a cost-effective investment in the Balan-
goda system and for resource-oriented sanitation systems more
widely.

More generally, further research on the relative costs and
marketability of different end-use products across contexts is
needed to inform the technical, institutional and financial design of
resource-oriented sanitation systems at scale. In a review of the
market potential of multiple fecal sludge-derived end-use products
in Ghana, Senegal and Uganda, Diener et al. (2014) found the use of
sludge as soil conditioner to be less profitable than other options,
though they noted the challenges of calculating cost recovery given
limited empirical evidence. Mallory et al. (2020b) also identified
the dominance of theoretical studies and limited evidence on
markets for a range of reuse products. Murray and Ray (2010) argue
for a “back-end user” focus to ensure the outputs of sanitation
systems meet the specific needs of end-users (as customers). This
“designing for reuse” approach (Murray and Ray, 2010) requires
consideration of commercial fertilizer markets if the planned
product is intended to reduce the extent of reliance on chemical
fertilizers. In Balangoda, government subsidies for chemical fertil-
izers place co-compost in a competitivemarket (Otoo et al., 2018), a
consideration which has driven valorization of the co-compost
with the addition of 7% mineral rock phosphate. In other loca-
tions, calls have been made to ‘level the playing field’ between
sanitation-based fertilizers and the wider market, for example by
providing incentives for use of organic fertilizers (Moya et al., 2019).
Ultimately, both market analysis and policy interventions are
required to optimize the nutrient reuse and financial contributions
of resource-oriented sanitation systems in different contexts.

Finally, analysis of the Balangoda system highlights priorities for
research and practical action towards a stronger resource-
orientation within efforts to advance citywide inclusive sanita-
tion. A critical question for Balangoda, and onsite sanitation service
systems more generally, is how to ensure services reach all. At
present, analysis suggests that although the Balangoda sanitation
service is theoretically available for all residents to make use of, in
9

practice it serves approximately half the population. There may be
options for increasing customer desludging demand towards
achievement of citywide service delivery, for example through the
institution of scheduled desludging as has been successfully piloted
in other locations (ISF-UTS & SNV, 2019; Mehta et al., 2019). Pro-
spective analysis of the potential costs required to increase rates of
desludging, expand FSTP production and optimize reuse-related
revenue is critical to inform future investment strategies. As part
of this analysis, it will be important to explore the relative merits of
maintaining Council monopoly or facilitating private sector provi-
sion of desludging services. In undertaking similar analyses more
generally, it is important to acknowledge a tendency in fecal sludge
reuse studies to overstate projected revenue (Mallory et al., 2020b).
This studye building on a decade of empirical datae is well-placed
to inform robust analysis of future scenarios and cost-sharing ar-
rangements that ensure resource-oriented sanitation services are
financially viable and affordable for all.

3.4. Limitations and future research

A limitation of this study is its focus on financial costs and
exclusion of social and environmental externalities. Relevant ex-
ternalities include greenhouse gas emissions incurred or avoided
due to fecal sludge transport and treatment, the expected health
benefits associated with safe sanitation service provision, and
environmental benefits linked to safer management of fecal sludge.
The decision to exclude externalities was made in the knowledge
that the economic benefits of fecal sludge management are already
well documented (Balasubramanya et al., 2017), and are chal-
lenging to comprehensively monetize for particular contexts. We
therefore chose to focus on the actual financial flows within the
Balangoda system for reasons of scope. Nevertheless, further
analysis of the health and environmental benefits of safely
managed fecal sludge in Balangoda would add value to the findings
of this study.

The studywould ideally also be complemented by assessment of
opportunities to optimize the case study sanitation system beyond
those identified in this study as relevant to the reuse phase. Opti-
mization could include cost efficiencies in specific phases of the
sanitation chain, or system re-configuration (for example exploring
different technological options) to maximize financial and wider
reuse benefits. Considering the system with reference to principles
of regenerative sanitation (Koottatep et al., 2019) could identify
future improvements. Analysis of system efficacy would also be of
value given rapid scale-up of FSTPs and an associated need for
evidence about their functioning (Klinger et al., 2019). Additionally,
the necessity of drawing a manageable system boundary for anal-
ysis means that important aspects of demand (agricultural markets
for the co-compost) and supply (producers of system components)
were excluded, and future research could inform strategies to
reduce input costs and increase demand for the end product.

A final area for future research relates to innovative financing
and the equitable distribution of costs and benefits associated with
resource-oriented sanitation systems. A focus on equity is critical to
ensure resource-oriented systems align with the imperative to
address deep inequalities within and between countries (Raworth,
2017a, 2017b) as we grapple with global sustainability challenges
(Raworth, 2017b). There is scope to explore different models of cost
sharing between government agencies, service providers (whether
government or privately owned) and households. Cost sharing ar-
rangements will ideally encourage widespread use of sanitation
services and facilitate system viability over the long term. This in-
cludes ensuring affordability for households and incentivizing
proper tank installation and emptying. It also includes incentivizing
(and regulating) appropriate emptying in situations with an active
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private desludging market. Exploration of innovative financing
opportunities for resource-oriented systems is a priority, including
strategies to enable the public investment required to ensure sys-
tem viability and affordability.

4. Conclusion

The merits of resource-oriented sanitation are well established
and far reaching. This analysis contributes empirical data on the
life-cycle costs of an established, successful resource-oriented
system in Balangoda, Sri Lanka. Findings affirm both the potential
for resource-oriented sanitation to generate revenue, and the need
for substantial complementary investment to ensure whole-of-
system financial viability. Analysis of financial perspectives
revealed system reliance on household investment (as is common
in places with dominantly onsite systems) and a promising busi-
ness case for the local government service provider e though this
derives primarily from a monopoly on desludging services rather
than sale of co-compost and is subject to budget prioritization
processes. Costs of the reuse phase indicate potential for optimi-
zation, informed by critical questioning of assumptions regarding
system investments and exploring pathways for system expansion.

The findings of this analysis can inform efforts to advance the
implementation of resource-oriented systems in cities where
onsite sanitation is common, as is the case across low- and middle-
income countries. The global sanitation community is striving to
achieve the Sustainable Development Goals and citywide inclusive
sanitation in a context of increasing environmental pressures.
Building evidence about the costs of resource-oriented sanitation
systems in practice can inform greater ambition and practical ac-
tion towards more widespread implementation and optimization
of circular economy approaches to sanitation.
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5.3 Critical reflections: the importance of enablers and narratives 

In making necessary choices about the scope and focus of the journal article, two 

aspects of the study not elaborated in the publication warrant mention here as they 

informed the inquiry’s overall findings. The first relates to how the resource-oriented 

sanitation system was established, with key enablers being the vision and hard 

work of a champion, and the availability of public finance. The scheme was 

conceived and driven by Council’s Public Health Inspector. The Inspector saw a 

need for improved faecal sludge management, an opportunity to add value to the 

established composting system, and a vision of positively contributing to sanitation, 

food security, and environmental health in the Balangoda jurisdiction. To progress 

from idea to implementation, the Inspector secured support and drew in resources 

in the form of expertise and finance from his professional networks, including a 

grant from the Ministry of Provincial Councils, Local Government and Sport. The 

scheme’s establishment demonstrates what can happen when an individual WASH 

professional takes a purposive approach, acting and influencing in line with their 

vision to achieve sustainability outcomes – reflections that informed a focus on 

purpose in publication 4 (Chapter 6) and the synthesis (Chapter 7). 

Second, the journal article positioned the analysis within circular economy 

discourse, though with limited critical discussion of definitions, debates and how 

application of circular economy concepts may inform WASH sector sustainability 

transformations. Literature on circular economy concepts has rapidly increased 

over the past decade, with varying levels of connection to sustainability and 

sustainable development ideas and limited focus on social and institutional 

dimensions (Nikolaou et al., 2021). In the study, I sought to draw out certain 

institutional (local government service delivery)  and social (equitable distribution of 

costs) implications of cost findings to highlight their importance. Yet I did not 

explore how locating a resource-oriented sanitation study within circular economy 

discourse economy serves as a “sustainability narrative” that shapes pathways of 

change in socio-technical and social-ecological systems (D’Amato, 2021). 

Reflections on the potential for circular economy concepts to shape WASH 

pathways informed the inquiry’s insights regarding reframing sector perspectives, 

which are elaborated in the synthesis (Chapter 7). 



140

5.4 Summary 

This chapter presented an in-depth study on the life-cycle costs of a resource-

oriented sanitation system in urban Sri Lanka. For the analysed system, revenue 

from co-compost sales covered reuse-related costs plus 8% of present value costs 

for other phases of the sanitation chain. The system was financially viable from the 

local government service provider perspective, though reliant on household 

investment. In addition to contributing empirical data on urban sanitation costs, the 

analysis refined a replicable methodology for assessing costs and their distribution. 

It presented cost analysis as foundational for achieving the normative aim of 

advancing resource-oriented sanitation, and aligned this aim with wider circular 

economy imperatives. Reflecting on the publication in the context of this thesis, I 

described enablers of the case study system that informed a focus on purposive 

approaches  in subsequent phases of research. I also identified how conceptions of 

circular economy as a sustainability narrative informed the inquiry’s synthesis 

theme of reframing WASH sector perspectives towards a deeper resource-

orientation. The next part of this thesis presents an orientation to Part III, 

introducing the knowledge co-production process undertaken with WASH 

professionals and articulating its contribution to the overarching research question.
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PART III Collaboration and implications 

Presenting the process and outcomes of a knowledge co-production 

process with WASH professionals designed to explore insights from 

previous studies and seek mutual learning, then synthesising learning to 

identify meta-level implications for WASH sector sustainability 

transformations.
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Orientation to the co-production study and synthesis 

Overview 

Part III of this thesis presents the inquiry’s fourth and final study, which involved a 

knowledge co-production process with WASH professionals (Chapter 6). It then 

concludes the thesis with a synthesis (Chapter 7), which draws together insights 

from across the studies to identify three themes for WASH sustainability 

transformations. This orientation explains and justifies the decision to include a 

knowledge co-production process in the inquiry with reference to its 

transdisciplinary approach and normative sustainability orientation. I explain how 

the co-production process connected findings from previous studies to address the 

inquiry’s overarching research question. 

Why is knowledge co-production a precursor to the inquiry’s synthesis? 

The decision to include a knowledge co-production process in the inquiry was 

driven by two considerations: the emphasis in transdisciplinary approaches on 

integrating multiple knowledge types through collaboration, and recent scholarship 

on the potential for knowledge co-production processes to shape and drive 

sustainability transformations. Here, I explain how each of these considerations 

informed the decision to include a co-production process as a precursor, and 

critical bridge towards, the inquiry’s synthesis. 

First, as described in Chapter 2 (section 2.2), a key feature of transdisciplinary 

research is meaningful collaboration between researchers and other stakeholders 

to bring together scientific, practical, local and personal knowledge. While 

acknowledging tensions between transdisciplinary ideals and the individual nature 

of doctoral inquiry (as discussed in section 2.7), I sought to include an explicitly 

collaborative process. Such a process enabled me to explore the resonance and 

relevance of findings from prior studies with a range of WASH professionals, and 

generate mutual learning about possible connections between research insights 

and pathways for action. The co-production process was enormously beneficial for 

my personal learning and the overall inquiry as elaborated in publication 4 (Chapter 
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6)) where I eflect on researcher power in co-production, and Chapter 7 where I

explain how the co-production process informed synthesised insights relevant for

WASH professionals.

Second, the decision to include a knowledge co-production process was driven by 

recent scholarship positioning knowledge co-production as a method for both 

shaping and driving sustainability transformations. Literature advocating the 

potential of knowledge co-production to progress sustainability transformations is 

reviewed in publication 4 (Chapter 6), including assertions that co-production can 

reconfigure knowledge generation (in line with transdisciplinary principles) and 

support the collective progression of ideals. Informed by this scholarship, I included 

a co-production process in this inquiry with an aspiration to both inform research 

insights and inspire participant WASH professionals towards action in positive 

directions. 

Addressing the overarching research question through co-production and 

synthesis 

Study 4 responded to the inquiry’s overarching research question by engaging 

WASH professionals in deliberation about the relevance and usefulness of 

planetary sustainability ideas for their work. In the journal article detailing the study, 

I articulated two study-specific questions. The first explored how WASH sector co-

production can generate new knowledge, shared understandings and new 

competencies relevant to WASH-sustainability intersections (using the framework 

developed by Schneider et al., 2019). The second added a loop of reflection about 

how co-production worked as a tool for sectoral sustainability transformation. As 

such, while the first question directly addressed the overarching question, the 

second extended insights from the inquiry to consider the practical, nuanced 

application of co-production as an approach for progressing sustainability 

transformations through and beyond the inquiry (as shown in Figure 10). While the 

second question looked beyond the overarching research question, it did shape 

relevant ideas about reflexive research practice elaborated in the synthesis 

(Chapter 7). 



Figure 10 How study 4 research questions addressed the overarching question 

The inquiry’s synthesis, like study 4, directly addresses the overarching research 

question. The actor-orientation of the overarching question informed the 

sensemaking process, in which I reflected on the meaning of each study for WASH 

professional practice. I applied the circles of control-influence-concern as a 

heuristic tool (as described in section 7.2), articulating how synthesised themes 

relate to different groups of WASH professionals and considering my potential to 

influence change. In doing so, my response to the overarching research question 

reflects the dual intent of the inquiry to contribute knowledge and seek 

improvement in the situation. 
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6 Chapter 6 Knowledge co-production for WASH 

sustainability 

6.1 Overview 

This chapter presents the fourth publication included in this ‘thesis by compilation’. 

The publication presents the rationale, approach, findings and critical analysis for 

study 4: a process of knowledge co-production with WASH professionals focused 

on strengthening sectoral engagement with sustainability imperatives. Following 

presentation of the publication, I critically reflect on the study in light of recent 

scholarship analysing pathways from co-production to sustainability 

transformations. 

6.2 Publication 4 — Placing sustainability at the centre of water, 

sanitation and hygiene: knowledge co-production for sectoral 

transformation 

Publication 4 is an open access article in Current Research in Environmental 

Sustainability and is included in this thesis in its published form. The publication is 

available online at https://doi.org/10.1016/j.crsust.2022.100154, and forms part of the 

journal’s special issue focused on stakeholder engagement and co-production in 

transdisciplinary research. 
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science that is iterative, collaborative, inclusive of different knowledge 
types and (increasingly) normative in intent (Wyborn et al., 2019; 
Norström et al., 2020) – is well suited to a sector characterized by 
disciplinary and institutional diversity. As both a means to reconfigure 
knowledge production and a strategy for collective progression of ideals 
(Schuttenberg and Guth, 2015), co-production promises an integrated 
vision of research and action that can address societal challenges and 
move us towards preferred futures. Co-production as a method has been 
traced to disciplinary traditions in public administration, science and 
technology studies, and sustainability science (Miller and Wyborn, 
2020). In this article, while acknowledging the influence of multiple 
disciplinary bodies of work, we primarily draw on conceptions of co- 
production articulated in sustainability science in which, in line with 
our investigation, co-production is focused on generation of knowledge 
(or a reimagined ‘science’) in pursuit of sustainable futures (Miller and 
Wyborn, 2020). As such, our use of the terms ‘knowledge co-production’ 
and ‘co-production’ (for brevity) should be viewed as interchangeable 
and reflective of sustainability science conceptions. 

Interest in knowledge co-production has increased markedly in 
recent years, with literature spanning its potential, performance and 
pitfalls. The potential of co-production stems from its importance for 
reshaping conceptions of earth system governance (Miller and Wyborn, 
2020) and its emergence as the ‘gold standard’ of engaged science 
(Lemos et al., 2018). Co-production is conceived as a multi-purpose 
method: for legitimating research outcomes, driving the implementa-
tion of knowledge in society, and/or bringing diverse perspectives and 
knowledge types to bear in the design of problem-solutions (Wyborn 
et al., 2019; Norström et al., 2020; Chambers et al., 2021). In global 
sustainability research, knowledge co-production is a key step in sci-
entific integration, a means for science and society to engage in dialogue 
that produces rigorous, relevant research (Mauser et al., 2013; 
Schneider et al., 2021). 

With the proliferation of knowledge co-production examples, the 
performance of co-production as a tool for achieving sustainability 
outcomes has emerged as a critical area for further research. Co- 
production has been credited with achieving sustainability outcomes 
across a wide range of sustainable development themes (Lemos et al., 
2018; Chambers et al., 2021; Jagannathan et al., 2020; Pohl et al., 
2010). However, reported outcomes do not yet attest to the trans-
formative potential of co-production claimed by its proponents 
(Jagannathan et al., 2020; Oliver et al., 2019). To address the risk that 
co-production becomes an end in itself rather than a means for effective 
engagement (Lemos et al., 2018), there is opportunity to strengthen the 
evidence base about co-production’s achievements and potential. 
Articulating theories of change about the ways in which co-production 
can drive transformative change is one means by which to define and 
assess complex impact pathways (Schuttenberg and Guth, 2015; Ober-
lack et al., 2019; Schneider et al., 2019). One such an approach has been 
described by Schneider et al. (2019) who identify three generic mech-
anisms through which knowledge co-production can lead to impact, 
namely knowledge generation, social learning and enhancing leadership 
competencies. 

Recent literature also highlights potential pitfalls associated with 
knowledge co-production and its role in sustainability transformations. 
Co-production – particularly when normatively framed – has been 
critiqued as tending towards apolitical conceptions of engagement and 
knowledge (Wyborn et al., 2019; Jagannathan et al., 2020; Turnhout 
et al., 2020; Fritz and Binder, 2020). Questions of power are particularly 
pertinent when co-production occurs in contexts characterized by deep 
historical asymmetries, such as is the case with South-North collabora-
tion (Vincent et al., 2020). While there is a growing body of work 
emphasizing the importance of power in shaping co-production and its 
outcomes, a tendency to suggest ‘balancing’ strategies (Norström et al., 
2020; Vincent et al., 2020) could be matched by relational approaches 
advocating for more nuanced and reflexive perspectives (Fritz and 
Binder, 2020). Beyond power analysis, relational approaches have been 

advocated as a means to develop more situated, diverse knowledge 
production processes in sustainability science (West et al., 2020), and to 
challenge dominant linear conceptions in which knowledge production 
is followed by action (West et al., 2019). Such linear conceptions are 
evident in many ‘project’ models of co-production, driven by research 
funding paradigms and a policy-relevant focus on impact pathways 
(Chambers et al., 2021). 

As scholarship and practice on co-production has diversified and 
evolved, co-production researchers have synthesized insights from 
multiple processes to offer heuristics and principles for future processes. 
Four principles for high quality co-production have been proposed by 
Norström et al. (2020), namely that co-production for sustainability 
should be context-based, pluralistic, goal-oriented and interactive. The 
authors expound the principles to inform both design and assessment of 
co-production. They situate the principles within a call for co- 
production to engage with deep drivers of current unsustainable tra-
jectories and attend to the values, politics and power inherent in 
transformative change (Norström et al., 2020). As such, the usefulness of 
the principles is in their nuanced application across the diverse realms in 
which co-production occurs. 

Complementing a principled approach to co-production design, 
Chambers et al. (2021) offer a heuristic for identifying benefits and 
trade-offs associated with different approaches. The analysis identifies 
six distinct modes of co-production based on analysis of the ways in 
which co-production processes engage with purpose, power, politics and 
pathways to impact (Chambers et al., 2021). A key outcome of the 
analysis is the articulation of trade-offs associated with different design 
choices, for example knowledge-focused processes were more likely to 
influence policy compared with relational approaches, but had less po-
tential to inspire collective action (Chambers et al., 2021). Whether, and 
how, co-production can be designed to achieve both actionable knowl-
edge and transformation of norms and structures – characterized as 
pragmatic scope 1 and transformative scope 2 outcomes by Jagannathan 
et al. (2020) – is an important question for future endeavors. 

Drawing on the history and trajectory of co-production in trans-
disciplinary sustainability research, the study presented in this article 
explores how co-production can contribute to sustainability trans-
formations in the WASH sector. A sectoral focus is novel in knowledge 
co-production scholarship, with examples tending to focus on specific 
place- or issue-based questions (Chambers et al., 2021; Jagannathan 
et al., 2020; Schneider et al., 2019). In this case, we draw on co- 
production techniques to consider how they might inform a fore-
grounding of sustainability within a broad professional community. The 
co-production process involved a diverse group of professionals delib-
erating the relevance and usefulness of planetary sustainability concepts 
for WASH. Insights from the process relate to its method, outcomes and 
implications for future co-production. We first describe the research 
aims, context and co-production design. We then present and discuss 
findings from the analysis across four themes: fostering self-reflection 
and engaging with purpose; considering sustainability across scales 
and contexts; generating ideas for individual and sectoral action; and 
reflecting on power and considerations for future co-production 
processes. 

2. Materials and methods

2.1. Aims and scope

The knowledge co-production process sought to engage selected 
WASH professionals in reflection and deliberation about sectoral 
engagement with planetary sustainability concepts, with a view to 
inspiring sustainability-oriented action. Two research questions guided 
the inquiry: 
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1. How does engaging WASH professionals in deliberation about
planetary sustainability concepts contribute to new knowledge,
shared understandings and new competencies?

2. In pursuit of sectoral sustainability transformations, how does
knowledge co-production work in practice and what considerations
might inform its nuanced application?

This first question explores WASH sector co-production with refer-
ence to three generic mechanisms of impact generation associated with 
transdisciplinary knowledge co-production proposed by Schneider et al. 
(2019). In Schneider et al.’s theory of change, new knowledge, shared 
understandings and new competencies are direct activities and out-
comes of co-production processes that can drive longer term sustain-
ability transformations by contributing respectively to knowledge 
promotion, social learning and competence building for reflective 
leadership (Schneider et al., 2019). 

The second research question seeks deeper reflection about how we 
conceive and design co-production processes when viewed from the 
WASH sector perspective. In seeking deeper reflection, the intent is to 
interrogate our assumptions about how co-production should occur and 
how it might contribute to sustainability transformations. In responding 
to this question, we situate WASH co-production process reflections 
within recent literature on principles and critical considerations for co- 
production in transdisciplinary sustainability research. As such, evi-
dence underpinning the analysis includes both outputs from the 
knowledge co-production process with WASH professionals, alongside 
applications and adaptations of insights from literature on knowledge 
co-production as a strategy for progressing sustainability trans-
formations generally. 

2.2. Positioning co-production within doctoral research 

The process was undertaken as the culmination of the lead author’s 
transdisciplinary doctoral research exploring the potential for greater 
WASH sector focus on global sustainability imperatives. [First author] 
was therefore the facilitator for the co-production process. The doctoral 
research built on a 10-year career in applied WASH research, responding 
to a gap in sector discourse and action about sustainability. Three studies 
completed in earlier stages of the doctoral research provided input 
content for group reflection. They included: (i) a systematic review of 
WASH sector sustainability discourse and the potential for planetary 
boundary ideas to inform future directions (Carrard and Willetts, 2017); 
(ii) analysis of reliance on groundwater as a source of drinking water and
emerging resource issues in ten Southeast Asia and Pacific countries
(Carrard et al., 2019); and (iii) analysis of the life-cycle costs of a
resource-oriented sanitation system in urban Sri Lanka and implications
for advancing a circular economy approach to sanitation (Carrard et al.,
2021). The co-production process sought both engagement with
research findings and the collaborative development of pathways for
action that may inspire long-term sectoral transformation.

The co-production process, and wider doctoral research, built from 
the lead and co-authors’ established careers as transdisciplinary WASH 
sector researchers. The co-production process featured in this article is 
not the only, but rather the most recent, of the authors’ co-production 
practices, and generated insights therefore draw on a longer history of 
transdisciplinary WASH research. In situating the contribution as 
transdisciplinary, we adopt a conception of co-production as tanta-
mount to transdisciplinary research that is purpose-driven, problem- 
focused, collaborative, transcends disciplinary boundaries and involves 
representatives from public, private and civil society realms (Pohl et al., 
2021). We also note the authors’ position as white women living in a 
high-income country, operating within the asymmetric power structures 
characteristic of international development research and seeking to 
reflexively approach applied research in pursuit of a just and sustainable 
world. 

2.3. Design and analysis 

Design of the co-production process sought to prioritize voices and 
experiences from low- and middle-income countries, and to maximize 
the diversity of WASH domains and contexts represented within a small 
group size that enabled inclusive discussion. The decision to prioritize 
low- and middle-income country participants was in effort to counter the 
historic dominance of high-income country voices in sector leadership 
(Worsham et al., 2021). The process was run online with a total of 14 
participants across two sequential Zoom videoconferencing forums with 
the same agenda (nine in the first session, five in the second). The aim 
was to recruit 12–16 participants in total, such that each session would 
have a sufficiently small group to enable inclusive, open and meaningful 
engagement and exchange. Participants were recruited purposively 
through professional networks: the focus was on those with an expressed 
interest in the nexus of WASH and sustainability. In targeting partici-
pants with interest in the topic, the intent was to capitalize and build on 
existing knowledge and motivation to act. Participant recruitment also 
sought diversity in gender, age, level of professional experience, country 
of origin and aspect of WASH sector focus. 

The final cohort included 6 women and 9 men from 10 countries. Of 
the 14 participants, 11 identified as nationals of low- and middle-income 
countries, with 8 living in their country of origin. Participants held roles 
as government officials and policy advisors, researchers, private sector 
consultants, an international organization advisor and civil society 
representatives. A number held multiple positions, for example working 
in both research and consulting roles. Participants had disciplinary 
backgrounds in engineering, earth system science, social science, and 
policy and planning. Both water and sanitation expertise were repre-
sented across urban and rural contexts. The cohort broadly reflected a 
mix of skills and roles typical of the WASH sector, with a notable 
exception that no participants identified as public health experts or 
having roles focused on hygiene (including for example handwashing or 
menstrual health). Further, no participants identified as having 
specialist skills in gender equality, disability, and social inclusion, which 
are critical considerations for the pursuit of universal, equitable WASH 
services (Cumming and Slaymaker, 2018; Workman et al., 2021). Lim-
itations related to group representativeness are discussed in Section 2.4. 

Prior to the online forums, participants were invited to complete the 
Worldviews Test based on Hedlund-de Witt’s Integrative Worldviews 
Framework (Hedlund-de Witt, 2012). The Integrative Worldviews 
Framework extends previous measures of environmental values, moving 
beyond a tendency to focus on binary constructions towards recognition 
of the human potential for cognitive integration (Hedlund-de Witt, 
2012). Questions in the Worldviews Test explore perceptions of reality, 
knowledge, values, identity and society (Worldviews Test, n.d.). In 
requesting prior completion of the Worldviews Test, the intent was to 
orient participants towards open, inclusive, reflexive discussion (Hed-
lund-de Witt, 2014). As such, the identified mix of worldviews was not 
given emphasis during forum discussions, with participants instead 
invited to firstly reflect on what completion of the Worldview test 
brought up for them, and secondly to be mindful of the importance of 
diverse worldviews and value systems in shaping a knowledge co- 
production process. 

Each forum ran for 2.5 h with a three-phase agenda. The first phase 
involved orientation to the purpose and format of the forum, introduc-
tion of framing sustainability concepts and a reflection on the World-
views Test. The idea of a ‘safe and just space for humanity’ between 
planetary boundaries and social foundations (Rockström et al., 2009; 
Steffen et al., 2015; Raworth, 2017) was introduced to frame WASH- 
sustainability conversations. Participants were invited to share their 
thoughts about the experience of taking the Worldviews Test and reflect 
on how different values and worldviews might inform the content and 
outcomes of group activities focused on WASH and sustainability. 

In the second phase, the facilitator shared brief (3 min) pre-recorded 
videos about research studies (described in 2.2). Videos told the story of 
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each study according to a central idea (framed as a future direction or 
call to action), justification of its relevance to WASH professionals, and 
selected details of research findings and analytical insights. Participants 
were then prompted to share responses using the interactive presenta-
tion platform Mentimeter or directly in discussion. Prompts invited re-
sponses regarding how the content made participants feel (emotional 
reaction), what it made them think about (relevance to their own ex-
periences), and what it inspired them to do (how they might act in their 
work). The decision to share research through video storytelling sought 
to leverage the power of stories as mechanisms for scientific commu-
nication and sustainability transformations (Veland et al., 2018; Riedy, 
2021). Prompting for feelings sought to link emotional responses (which 
are foundational for motivation (Riechers et al., 2019)) with reflections 
on relevance and ideas to inspire action – the ultimate goal of co- 
production. 

The third phase involved a futures-oriented co-creation activity 
using an adapted form of the Three Horizons framework. The Three 
Horizons framework is a foresight tool that supports groups to grapple 
with complex challenges and generate agency in designing viable 
pathways towards a preferred future (Sharpe et al., 2016; Sharpe, 2013). 
The tool identifies three horizons: the first representing the current 
(unsustainable) system; the third the emerging and preferred successor 
to the current system; and the second the domain of innovations and 
disruptions that can either perpetuate the existing unsustainable system 
or be harnessed to achieve the preferred future. 

In the forum, the Three Horizons framework was adapted for online, 
condensed application, using a collaborative whiteboard (Miro) to co- 
create ideas about each horizon. The activity was scoped to focus on 
the intended outcome of the forum, which was to prompt a shift in 
WASH sector activities towards greater focus on sustainability. As such 
the preferred, viable future was articulated as a future where water and 
sanitation professionals pursue the human rights to water and sanitation for 
all in ways that contribute to (and don’t undermine) planetary sustainability. 
Participants were invited to continue adding content to the collaborative 
whiteboard after the forum, allowing time for ideas to emerge beyond 
the actual time-limited events. 

Inductive analysis of forum data identified insights about co- 
production outcomes (research question 1) and process (research 
question 2). Data included audio recordings of discussions and outputs 
from interactive platforms (Mentimeter, Miro whiteboard and Zoom 
chat). Codes were developed with reference to three relevant frame-
works. The first group of codes identified outcomes of the WASH forums 
linked to Schneider et al.’s (Schneider et al., 2019) mechanisms for 
impact generation, with a particular focus on the direct activities and 
outcomes of (i) new knowledge, (ii) shared understandings and (iii) new 
competencies. To elicit process reflections, a second group of codes drew 
on Norström et al. (2020) principles that knowledge co-production 
should be: (i) context-based; (ii) pluralistic; (iii) goal-oriented; and 
(iv) interactive. A third group of codes sought complementary insights
by exploring data through the lens of leverage points for sustainability
transformations (Waddock et al., 2020). A list of codes used is provided
in Appendix A.

Analysis of forum data was iterative, informed by thematic analysis 
of knowledge co-production literature and prior doctoral research on 
WASH discourse (Carrard and Willetts, 2017). The iterative analysis was 
a deliberate strategy to ensure validity of findings given the small-scale 
nature of the engagement process and intent to derive general insights 
relevant to either or both co-production as a method, and strategies for 
strengthening WASH sector engagement with sustainability imperatives. 
Strategies to ensure validity (drawing on the framework and definitions 
of Creswell and Miller (2000)) included peer debriefing between the 
lead and co-authors to challenge assumptions and interpretations, and 
researcher reflexivity (elaborated in Section 3.4). The research was 
approved by the University of Technology Sydney Human Research 
Ethics Committee (Reference: ETH21-5896). 

2.4. Limitations 

The co-production process involved a single point of interaction with 
each group of participants, which is a limitation given the co-production 
ideal of long-term iterative engagement (Chambers et al., 2021; 
Jagannathan et al., 2020). The decision to proceed with a single point of 
engagement was made to ensure timely completion of the research 
project and minimize participant inconvenience, however opportunities 
to reflect and revisit discussion points were foregone due to this choice. 
As one mitigating strategy, engagement before and after the event was 
encouraged by setting up message groups, email threads and an open 
collaborative whiteboard. Further, while the short-form nature of the co- 
production process did not allow for collaborative framing of the design 
and discussion topics, the researchers’ long-term transdisciplinary 
research in the sector provided a strong foundation for appropriate 
pitching of content and activities. The limitations and value of short- 
form co-production are discussed further in Section 3.5. 

A further limitation relates to overall representativeness. Represen-
tativeness is an important principle, but it is unachievable in small group 
settings, given the diversity and breadth of the WASH sector. Our 
objective was rather to ensure indicativeness through diversity in di-
mensions relevant to the sector and the questions at hand (see Section 
2.3). We recognize that alternatively constituted cohorts would have 
shaped discussions in different ways. The validity of our findings comes 
from their generality, that is we do not seek to provide definitive insight 
into the ways in which WASH professionals engage with sustainability 
concepts. Instead, in keeping with our process and data, our findings are 
general, and relate to knowledge co-production as a research method 
and approach to create change. 

A final limitation is that the process was run in English, which pre-
cluded the inclusion of non-English speakers. Given ongoing knowledge 
decolonization debates in the sector, and the fact this emerged as a 
theme for action (see Section 3.3), developing mechanisms to enable 
multi-lingual processes will be important for future co-production 
events. 

3. Results and discussion

In this section we present and discuss results across four themes: (i)
fostering self-reflection and engaging with purpose; (ii) considering 
sustainability across scales and contexts; (iii) generating ideas for indi-
vidual and sectoral action; and (iv) reflecting on researcher power and 
considerations for future co-production processes. The four themes 
integrate data from the WASH sustainability forums with insights from 
knowledge co-production literature, and the authors’ WASH sector 
perspective. We conclude by synthesizing findings across the lenses of 
our analysis and considering the limitations and value of short-form co- 
production. 

3.1. Fostering self-reflection and engaging with purpose 

The WASH sustainability forums fostered participant self-reflection 
and engagement with value-based ideals about future directions. Prior 
completion of the Worldviews Test (Hedlund-de Witt, 2012) was a novel 
and useful exercise for participants, enhancing self-reflection and an 
openness to plural perspectives. Participants appreciated the opportu-
nity for self-reflection, sharing that the test “helped me to understand 
myself” or “helped me to know myself a little more”. The test facilitated 
an expansion of thinking beyond daily activities into a more reflective 
mode, moving towards reflexivity by exploring ways of thinking, as-
sumptions and underlying values (Bradbury and Divecha, 2020). One 
participant reflected that “questions do not relate to my daily activities, 
so it was interesting to explore myself”, while another shared her 
experience of a different way of thinking: “at the beginning I felt that my 
thoughts were short-circuiting because it is the first time that I have 
questioned myself in that way to identify what my worldview is”. 
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Presentation of the group results also elicited reflections about the 
importance of listening to plural perspectives informed by different 
values. As one participant expressed, the experience prompted thoughts 
about “the need to listen more and pay attention to what’s happening in 
other parts of the world…the need to seek to understand other world-
views because they are equally valid just as much as any other”. 

While participants expressed primarily positive reactions to 
completion of the Worldviews test, they shared concerns relating to its 
(perceived) dichotomous presentation of science and faith and its 
appropriateness across diverse cultural contexts. Two participants 
expressed discomfort with questions about the relative importance of 
science and spirituality in driving personal perspectives. They had 
trouble choosing between science-oriented and faith-oriented responses, 
with one emphasizing the need to respect diverse ways of thinking 
across cultures and spiritual orientations: 

“For many professional people, science only should become the answer to 
everything. However, I believe…in the different cultures around the 
world…all of them should be respected…the most important [aspect] for 
me is respect of thinking, especially…thinking of the spiritual word that 
everyone believes in.” 

The appropriateness of the test for diverse cultural contexts was also 
questioned by participants, particularly with reference to conceptions of 
tradition and modernity. 

“I don’t know if it takes into consideration the cultural diversity that we 
all come from, something that is…modern in one part of the world can be 
considered very traditional in other parts of the world.” 

Despite these concerns, participant completion of the Worldviews 
Test was an effective mechanism for establishing an open, reflective 
tone. Concerns expressed by participants augmented its value as a 
reflective exercise, validating the decision to focus on the personal 
experience of test taking rather than group results. The discussions 
conveyed interest in, and a safe space for, self-reflection – a foundational 
skill for competency in reflective leadership (Schneider et al., 2019). 
Creating space for discussion about worldviews also provided opportu-
nity for the facilitator to share her own epistemic values and motivation 
for convening the events, fostering reflexivity about facilitator power in 
shaping co-production processes (discussed further in Section 3.4). 

In addition to establishing a safe space for open discussion, reflecting 
on worldviews, along with introduction of big picture sustainability 
concepts, oriented participants towards engagement with purpose. The 
concept of purpose underpinning forum design drew from the founda-
tional transdisciplinary work of Jantsch (1970), in which purpose de-
notes value-based ideals about human survival in dynamically changing 
environments. The emphasis on purpose was designed to complement 
linear conceptions of change implied in goal-oriented co-production 
processes in which participants agree to a measure of success and 
“meaningful milestones (that is, stepping-stone goals) to achieve and 
monitor progress” (Norström et al., 2020). While the complexity of so-
cial change and its causal pathways is widely acknowledged in co- 
production literature (Norström et al., 2020; Jagannathan et al., 2020; 
Oberlack et al., 2019), linear assumptions about knowledge-action 
pathways persist (West et al., 2019). In the WASH forums, creating 
space to reflect on deeply held values enabled consideration about the 
alignment of goal-oriented actions with purposive imperatives. As one 
forum participant expressed: “[I’m] thinking about what my life goal is, 
where I’m going and what my priority is”. 

Consideration of the ways in which engaging purpose can inform 
deeper reflection is particularly pertinent when thinking from a WASH 
sectoral perspective. The WASH sector is strongly driven by goals and 
targets articulated in SDG 6 (Ensure access to water and sanitation for 
all) and the human rights to water and sanitation. While WASH sector 
goals are shaped by purposive thinking, they risk losing criticality after 
their adoption if purpose is not continuously re-considered. A failure to 

continually reflect on purpose in tandem with the pursuit of goals can 
result in perverse outcomes, such as occurred when the Millennium 
Development Goal precursor to SDG6 drove marked efforts to expand 
sanitation to access in households, with no commensurate focus on safe 
management of the generated waste (Herrera, 2019; Tortajada and 
Biswas, 2018) – a critical aspect of WASH for achieving desired public 
health outcomes. 

Discussions in the WASH sustainability forums responded to both 
sector goals (SDG6 and its targets) and broader purpose (placing the 
goals within the wider vision of a safe and just space for humanity), yet it 
was the purposive lens that most effectively elicited reflective contri-
butions. The vision of a safe and just space for humanity (Rockström 
et al., 2009; Steffen et al., 2015; Raworth, 2017) prompted participants 
to expand or deepen their thinking about what ‘sustainability’ means for 
them. For example, as one participant shared: 

This concept of planetary boundaries and sustainability boundaries, and 
this doughnut diagram…it’s a fairly new concept to me to think about it 
this way. When we think about sustainability…I never really think about 
it in such big picture, you know, pushing planetary boundaries. I don’t go 
to that level. 

Others were prompted to reflect on human-nature relations, 
conveying either a perspective of inter-connectedness: “it makes me 
think about sustainability…the need to imagine ourselves as connected 
to nature” or reflecting a conception of utility and stewardship towards 
nature: “natural resources are a gift in our lives, and we should…do our 
activities trying to replenish after taking advantage of them”. Human- 
nature connectedness has been identified as a “realm of deep 
leverage” for sustainability transformations (Abson et al., 2017; Riech-
ers et al., 2021). When seeking to lay foundations for broad and deep 
change – such as when focusing on sector-wide engagement with sus-
tainability – experiences from the forums therefore suggest value in 
emphasizing purpose alongside goal-oriented thinking. 

Emphasizing purpose in the WASH sustainability forums was 
particularly valuable given the short-form nature of the process. A 
pragmatic balancing of goal-oriented discussion and action identifica-
tion (see Section 3.3), with deeper questioning of purpose, created space 
for relevance to emerge from the process rather than be predefined. 
Klenk and Meehan argue for this kind of emergent relevance in trans-
disciplinary research, suggesting that shifting our collaborative frames 
from notions of “engagement” to “encounters” between researchers and 
stakeholders can helpfully re-orient attention towards more responsive, 
open forms of relevance (Klenk and Meehan, 2017). Re-conceiving co- 
production as shaped by purposeful encounters asserts the value of 
each encounter for shifting conversations towards ideals, even in cases 
when long term engagement is not feasible. A purposeful approach to co- 
production encounters also allows for the characteristic messiness of 
knowledge production and use (Arnott and Lemos, 2021), while main-
taining focus on what is ultimately important. 

3.2. Considering sustainability across scales and contexts 

The cross-context and cross-scale nature of discussions in the WASH 
sustainability forums is a second theme, with results indicating value in 
processes that link big picture ideas to diverse local realities. The value 
of discussions that cross scales and contexts is a particularly relevant 
finding for sectoral rather than project-focused co-production, given the 
intent to inform transformations at multiple levels from local practice 
through to global discourse. Consideration of changes across places and 
scales is both necessary for a sector such as WASH, which seeks to 
reconcile universal aims with local realities, and aligned with breadth 
and depth of transformation required to address sustainability chal-
lenges (Linnér and Wibeck, 2019). 

In the forums, participants both asserted the importance of place- 
based context and moved fluidly in their reflections between global 
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(sector-wide) issues and local realities. Initially, when discussing future 
directions for WASH informed by planetary boundaries, participants 
demonstrated a preference to prioritize local perspectives and skepti-
cism about the meaning of global concepts for local contexts. As one 
participant expressed, “national and local context and culture is very 
important in putting forward these future directions”. As discussions 
progressed, participants began sharing their perspectives on how the 
ideas under discussion manifested in their local areas, and what that 
might mean for their professional practice. One participant spoke about 
government leadership and the opportunities and risks presented by 
digitalization in the management and monitoring of water and sanita-
tion services. Another linked sustainability concepts to the need to focus 
on women’s empowerment and leadership development. Ultimately, 
encouraging reflections that span places and issues brought to light in-
terconnections that may have been lost with a narrower focus. 

Moving from the conceptual to empirical, engagement with WASH- 
sustainability studies focused on groundwater reliance and resource- 
oriented sanitation provided space for participants to reflect on the 
relevance of each for their own context, and draw on their contextual-
ized experiences to enrich shared understandings about sector-wide 
challenges. Responding to the groundwater study, one participant 
shared an expansion of focus: “I’m intrigued because as a water prac-
titioner…of course the focus has always been piped water to households 
and it’s quite intriguing to learn that it’s also important to focus on the 
water source”. The groundwater study elicited reflections about the 
cultural significance of wells in some contexts, the potential for 
groundwater depletion to cause conflict in areas with large refugee 
populations, the relative costs of different water sources, the ways in 
which access to water resources drive inequalities, groundwater pollu-
tion from heavy metals, climate change impacts and data (un)avail-
ability. Discussions about resource-oriented sanitation spanned 
reflections on how policy frameworks can drive technological innova-
tion, the importance of mindset change for achieving circular economy 
visions, the affordability of alternative sanitation models, and the dis-
tribution of responsibilities between citizens and state. The breadth of 
ideas discussed spanned environmental, social, technical and gover-
nance considerations, each grounded with contextualized examples. 

The importance of context in shaping co-production activities and 
outcomes is self-evident and rightly reflected in co-production literature 
(Norström et al., 2020). Yet while a broad conception of context as “not 
synonymous with local” is presented (Norström et al., 2020), in practice 
co-production literature is dominated by local examples (Wyborn et al., 
2019; Schneider et al., 2021; Moallemi et al., 2020). When seeking 
sectoral transformation, equal focus is warranted on the ways in which 
the local connects to the global in mutually informative ways. An 
explicit focus on identifying interconnections encourages a systemic 
perspective that can generate potentially catalytic ideas and actions 
across places and scales. As such, sectoral co-production can benefit 
from the more general call for exploration of how co-production can 
work across scales with globally powerful actors (Chambers et al., 2021; 
Schneider et al., 2021). 

3.3. Generating ideas for action: Individual intentions and sectoral 
priorities 

A third theme is the generation of ideas for action, which encom-
passed both individual intentions and identifying sectoral priorities. 
Action towards sustainability is a core objective of co-production 
(Norström et al., 2020; Miller and Wyborn, 2020) and the generation 
of action ideas is therefore an important area of analysis. It is important 
to note that the focus here is on ideas for action rather than action itself, 
given the pathways from intention to action would take more time and 
likely require further engagement to both bolster intentions and mea-
sure outcomes. Nevertheless, two forms of action ideas emerged from 
the forums that warrant critical reflection: actions that can be taken 
within each participant’s individual realm of influence; and priorities for 

sector-wide focus. 
Individual ideas for action were generated during both discussions 

about presented research studies and the Three Horizons visioning ac-
tivity. When prompted ‘what are you inspired you to do in your work?’, 
participants shared ideas for actions in policy, education, technology 
and community engagement. For example, one participant shared a 
motivation to train university students in resource-oriented sanitation, 
while another was inspired to advocate for groundwater policy formu-
lation in their jurisdiction. Participants also expressed a general intent to 
include a stronger sustainability orientation in their work, for example 
to “think more on sustainable and circular solution”, “think of complex 
interconnected issues of resources, access, governance” and to “go 
beyond the technical responsibilities of building… infrastructure, to 
foresee consequences for the inappropriate use of natural resources or 
polluting them”. 

The individual action ideas constitute seeds of transformation 
knowledge – knowledge about how to make change from the current to 
preferred situations (Schneider et al., 2019). However, action ideas 
expressed at the individual level do not equate to the impact pathway of 
shared understandings leading to coordinated, joint action in project 
framed co-production processes (Schneider et al., 2019). The focus on 
individual actions can be attributed to the single round of engagement, 
the diversity of participant interests and locations, and prompts linking 
discussion content to participants’ own work. Yet ideas were shaped by 
group discussion about common interests informed by diverse experi-
ences and plural perspectives, so are reflective of the ideal of co- 
production in which interaction is foundational for learning and ac-
tion (Norström et al., 2020). The expression of meaningful action ideas 
relevant to participants’ own work indicates that in addition to driving 
joint action, co-production may forge a path to impact through 
‘enabling’ transformation approaches in which “individually smaller 
actions…over time…shift system states in ways which may be unex-
pected but which reflect the values and visions of mobilized agents” 
(Scoones et al., 2020). Further exploring, and finding ways to measure, 
these kinds of changes is an important area of future focus. 

Beyond individual intentions, sectoral transformation knowledge 
was generated through the Three Horizons visioning activity, with two 
themes emerging: the importance of building networks to drive collec-
tive action for sustainability; and the imperative to decolonize devel-
opment knowledge. When asked about future directions and actions 
following the visioning activity, participants shared their intentions to 
“connect with more networks”, “build even more than before strategic 
alliances”, “look for innovative partnerships”, “build more bridges” and 
“build solidarities”. One participant focused particularly on fostering 
collective action with young people, harnessing their local knowledge 
and making use of the connective potential of open-source technologies 
to co-develop strategies that address local sustainability concerns. The 
focus on building networks and solidarities suggests participant intent to 
further explore sustainability-WASH connections by moving towards 
collective action in their own contexts, in ways that strengthen their 
diverse individual intentions. 

A second action theme identified through the Three Horizon dis-
cussions concerned the redressing of power imbalances in knowledge 
contributing to WASH sector priorities and plans. When reflecting on 
horizon three – trends taking us in the direction of our preferred future – 
participants highlighted that “decolonization debates [are] driving 
different voices in the conversations”. One participant reflected on the 
influence of established power structures in shaping decision-making: 

Historical models…pertain not only to technology of centralized supply or 
centralized management of wastewater, but there are also historical 
models of power sharing. There are also historical models of decision- 
making processes, which obviously the people in power have interesting 
continuing status quo and any change in that. 

Participants asserted the importance of valuing ‘community’ 
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knowledge to address inequities, for example the “incorporation of 
traditional knowledge to ensure local communities have a greater 
voice”. Others spoke more generally about changes in education 
curricula stressing diversity of voices, and “a change in perception about 
knowledge and knowledge creation [such that] traditional knowledge 
from Global South will be central moving ahead”. The emergence of 
knowledge decolonization as a theme relevant to WASH-sustainability 
visions reflects wider sector discourse highlighting and challenging the 
dominance of Global North voices in shaping conversations (Worsham 
et al., 2021; Luseka, 2020; Kapur, 2020). As sustainability conversations 
continue across the sector, a power-reflexive approach will be essential 
to address critical questions about whose voices carry influence (dis-
cussed further in Section 3.4). 

3.4. Researcher power and considerations for future co-production 
processes 

In this final section we build on the action-theme of addressing 
WASH sector power imbalances by considering researcher power, and 
how researcher-reflexive approaches might inform future co-production 
activities. We reflexively acknowledge the extent of researcher influence 
over the WASH sustainability forums and discuss the tensions and trade- 
offs associated with alternative strategies. In doing so, we acknowledge 
the facilitator’s position of privilege as a high-income country 
researcher working within South-North research collaborations. 

In these WASH sustainability forums, the lead researcher determined 
who to invite, the agenda, and how participation was managed. A tar-
geted set of actors were invited – WASH professionals primarily from 
low- and middle-income countries with an interest in sustainability – to 
the exclusion of others. While the inclusion criteria were justified with 
reference to the aims and ethical considerations of the research, it is 
important to consider the extent to which this decision shaped the 
process. Equally, in framing the topic and using previous work as input 
knowledge for reflection, the facilitator scoped which sustainability and 
WASH issues (from a potential plethora) were given focus. While 
participant reflections and discussion could in theory have diverged to a 
wider set of issues, they tended to stay close to the topics on the agenda, 
reflecting the truism that ‘the questions you ask determine the answers 
you get’. This was the case despite the participants being professionals 
with capacity to critically challenge how discussions were framed. 

Power is increasingly acknowledged as important in co-production 
(Wyborn et al., 2019; Norström et al., 2020; Schuttenberg and Guth, 
2015; Chambers et al., 2021; Vincent et al., 2020). Yet to date, power 
has dominantly been conceived as something to be identified and 
ameliorated, such that imbalances do not lessen the quality of engage-
ment and its outcomes (Norström et al., 2020; Vincent et al., 2020; 
Bréthaut et al., 2019). A more reflexive approach to power in trans-
disciplinary research has been advocated by Fritz and Binder (2020) 
who draw on theories of power as relational, and participation as con-
structed by societal contexts, to elucidate the ways in which power 
shapes transdisciplinary research. In this model three types of power are 
at play in transdisciplinary research: instrumental power in which one 
actor influences another; structural power, which describes the condi-
tions (both material and structural) influencing actors’ decision-making; 
and discursive power in which subtle forms of influence – through 
values, norms and ideas (such as sustainability) – influence an agenda or 
process (Fritz and Binder, 2020). Researchers, funding bodies and 
practitioners exercise these three types of power in different ways, with 
researchers having substantial instrumental and discursive power in 
their choice of who to include, setting the agenda, and dictating the rules 
of engagement (Fritz and Binder, 2020). 

For future co-production processes seeking sustainability trans-
formations, recognition of the multiple ways in which researcher- 
facilitator power manifests demands reflexively sitting with, rather 
than trying to solve, power dynamics. In other words, it means chal-
lenging the tendency for researchers to consider themselves as neutral or 

objective facilitators whose role is “identifying positions of power…and 
developing ameliorative strategies” (Norström et al., 2020). A 
researcher-reflexive approach is needed (Fritz and Binder, 2020) in 
which the aim is to recognize and be explicit about the profound ways in 
which researcher power shapes process, and in doing so to consider “the 
possibility of moving from power over to power with” (Bradbury and 
Divecha, 2020). This is particularly true for processes involving col-
laborations between Global South and Global North researchers and 
participants, which are shaped by historical and perpetuating power 
imbalances. 

In seeking sectoral transformations for sustainability, a researcher- 
reflexive approach could pursue different strategies for co-production. 
One strategy is to cede researcher power in determining the agenda 
and mode of engagement within a process, taking a purposive approach 
but leaving space for participants to determine what is worthy of dis-
cussion and how those discussions should happen (though it is important 
to acknowledge that this initial process is in itself shaped by the 
researcher). An open, purposive approach is more likely to achieve a 
sought-after feature of co-production: the recognition and valuing of 
diverse knowledge types (Norström et al., 2020; Blythe et al., 2018) that 
researchers may not have allowed space for given assumptions they 
bring to the agenda and process design. This plurality is particularly 
important in the pursuit of sustainability transformations given a 
dominance of positivist epistemologies in environmental sustainability 
discourse (Blythe et al., 2018), a feature also characteristic of the WASH 
sector given the importance of engineering and public health disciplines 
in expanding WASH services. 

A second strategy is one of open acknowledgement, rather than 
ceding, of researchers’ instrumental power. It is not always appropriate 
to redistribute or balance power, for example participants may not want 
the responsibility of shaping a process and taking on decision making 
roles (Turnhout et al., 2020), particularly if their participation is not 
remunerated or in situations where participation fatigue is a risk (Lemos 
et al., 2018). Yet power must be acknowledged and addressed if co- 
production is to fulfil its aim to contribute to sustainability trans-
formations that do not inadvertently reinforce existing unequal power 
relations (Turnhout et al., 2020). For researchers, investing in the 
development of reflexive skills that enable responsiveness to position-
ality will support co-production processes in which friction can be 
productive, and relevance (and therefore impact) can be emergent 
(Klenk and Meehan, 2017). 

3.5. Synthesis of findings and reflections on the value of short-form co- 
production 

In this final section, we synthesize insights from previous themes 
with reference to the analysis frames that informed their development, 
namely Schneider et al.’s generic mechanisms of impact generation 
(Schneider et al., 2019), and Norström et al.’s principles for co- 
production in sustainability research (Norström et al., 2020). Reflect-
ing on the cross-theme synthesis, we conclude by considering the limi-
tations and value of short-form co-production processes when working 
in a sectoral context. 

Exploring outcomes with reference to Schneider et al. (2019) theory 
of change for co-production identified ways in which the process 
generated (i) new knowledge, (ii) shared understandings and (iii) new 
competences – the direct activities and outcomes of co-production that 
can lead to impact. Systems and target knowledge were developed 
through cross-scale and cross-context discussions, as well as purposive 
reflections that prompted critical consideration of goals. The seeds of 
transformation knowledge were identified in visioning and action- 
oriented discussions, generating individual action-intentions and pri-
ority sectoral themes of knowledge decolonization and building soli-
darities for collective action. The focus on collective action arose from 
activities designed to build shared understandings of sector challenges 
and future possibilities, which emphasized joint learning and the need 
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for deliberation about values and how they drive actions. Finally, new 
experiences of self-reflection, in particular reflection about worldviews, 
provided an initial step towards development of reflective leadership 
skills, though building such experiences into competencies would 
require long-term personal development beyond a single co-production 
event. 

Analyzing the process through the lens of principles for co- 
production in sustainability research (Norström et al., 2020) identified 
three considerations for the nuanced application of co-production 
ideals, particularly when working towards sectoral change. First, a 
goal-orientation can be enriched by an emphasis on purpose, such that 
goals are critically questioned and shared visions that transcend goals 
can emerge. Second, to complement the dominance of locally situated 
co-production examples, there is scope to consider how future co- 
production can work across scales and contexts to foster system-wide 
perspectives. Finally, a reflexive focus on researcher power is essential 
for co-production to engage meaningfully with the ways in which power 
shapes the plurality and interactivity of co-coproduction processes. 

The short-form nature of the WASH co-production process was a 
limitation given the strong emphasis placed on long-term engagement in 
co-production scholarship, yet there was demonstrable richness in the 
conversations that suggests value in co-production even when long-term 
engagement is not feasible. Short-form engagement is certainly con-
strained in its capacity to achieve and demonstrate impact, and claiming 
impact from the WASH sustainability forums is unrealistic. Similarly, 
multiple points of interaction would be required to cement trusting re-
lationships, bridge different levels of expertise across relevant concepts, 
and allow for iterative building of knowledge over time. Nevertheless, 
the data shows there was depth of engagement in the WASH forums that 
attests to the value of short-form co-production if well designed and 
facilitated, and the process generated potentially catalytic ideas for ac-
tion. Three design features underpinned the richness of WASH forum 
discussions: working from values to connect with deep motivations for 
change; using engaging narratives to incorporate research insights and 
elicit reflections on their relevance for each participant; and including 
visioning to foster imagination about possible preferred futures and 
pathways that move us towards them. While longer-term engagement 
would strengthen WASH forum outcomes, findings demonstrate the 
value of well-designed co-production of shorter duration when timelines 
and funding models preclude more established approaches. 

4. Conclusion

In the context of global environmental challenges, it is imperative to
consider how different actors and groups can contribute to sustainability 
transformations. As a sector united by human rights ideals and shaped 
by resource management realities, the WASH sector is well-placed to 
contribute novel thinking and practices towards sustainable futures. 
Knowledge co-production – with its potential to both diversify and 
integrate knowledge and action – offers a mechanism for progressing 
WASH sustainability discourse, as the co-production case profiled in this 
article demonstrates. The co-production process, although short in 
duration, generated rich discussions that fostered self-awareness and 
connected deeply held values with sustainability imperatives and ideas 
for practical action. The process articulated priority themes for 
strengthening the sector’s focus on sustainability: solidarity building for 
collective action; and knowledge decolonization. Progressing these 
themes through further engagement and action, including during future 
sector co-production processes, will be important. 

The co-production experience also highlighted considerations for the 
nuanced application of co-production principles, particularly the op-
portunity to enrich a goal-orientation by emphasizing purpose, to 
explore how co-production can work across scales and contexts, and to 
strive for power-aware processes by strengthening and enacting 
researcher reflexivity. The findings of this analysis can inform future co- 
production activities, particularly those seeking to generate knowledge 

and catalyze action in a sectoral context. The findings also show the 
value of short-form co-production when the ideal of longer-term 
engagement is not feasible. Well-designed processes can engage, 
inspire, and offer a strong foundation for further research and action. 
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6.3 Critical reflections: the WASH-sustainability forums and pathways to 

sustainability transformations 

While the co-production study generated valuable discussions and ideas, the extent 

to which a single process may inform and catalyse sustainability transformations for 

participants and the sector more widely is necessarily limited. As such, while 

claiming impact from the process is unrealistic (as argued in the publication), 

further reflection on the connections between this inquiry’s co-production activities 

and sustainability transformations is warranted. Scholarship on co-production and 

its role in sustainability transformations is relatively nascent and continuing to 

develop, and literature published since my publication’s submission offers a novel 

lens through which to reflect on this inquiry’s co-production process. In particular, 

Chambers et al. (2022) introduce the concept of “co-productive agility” as a skillset 

for navigating the space between goal-oriented co-production activities and 

process-focused sustainability transformation ideas. The authors define co-

productive agility as “an emergent feature vital for turning tensions into 

transformations” (p. 2). They identify four pathways for co-productive agility that can 

nurture shifts in perspectives and foster transformative actions over time: (i) 

elevating marginalised agendas, (ii) questioning dominant agendas, (iii) navigating 

conflicting agendas, (iv) exploring diverse agendas (Chambers et al., 2022). 

Considering the co-production study with reference to Chambers et al.’s (2022) four 

pathways highlighted strengths and limitations of the WASH-sustainability co-

production process. A strength was its emphasis on ‘questioning dominant 

agendas’ by taking a learning-orientation approach, acknowledging values and 

questioning established sector approaches. In particular, the WASH-sustainability 

forums mirrored examples included in Chambers et al.’s (2022) analysis that 

“sought to foster awareness of framing choices by focusing participants on a higher 

common purpose” (p. 11). It also demonstrated a characteristic limitation of this 

collaborative pathway, in which initiatives emphasising knowledge production and 

learning can fail to institutionalise collaborations for transformation (Chambers et 

al., 2022). While the WASH-sustainability forums identified collective action towards 
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sustainability as a sector priority, the extent to which the process led to actual 

network building was limited. 

The WASH-sustainability forums were less strongly aligned with Chambers et al.’s 

(2022) other three collaborative pathways of elevating marginalised agendas, 

navigating conflicting agendas and exploring diverse agendas. While certain 

features did reflect defining characteristics of each pathway, limitations are evident. 

For example, the intentional prioritisation of voices from low- and middle-income 

countries sought to address aid sector power dichotomies, but participation was still 

limited to English-speakers with ability to join an online event. Similarly, the focus 

on reflection and reflexivity accords with characteristics of the ‘navigating conflicting 

agendas’ pathway, however the forums did not explicitly create space for raising, 

sitting with and navigating conflicting agendas. 

Many of these limitations could have been addressed if the co-production process 

occurred over a longer period. The single point of interaction was identified as a 

limitation and discussed in the publication. Given additional time and resources, I 

would ideally have run the co-production process over a longer period with a series 

of interactions to enable stronger relationship building, more thorough engagement 

with content, and deeper reflection. 

Reflections on both the limitations and strengths of the co-production process 

provided a critical bridge between the substantive findings of in-depth studies and 

the conceptual orientation of the inquiry’s synthesis. Inspired and informed by the 

richness of co-production conversations, themes identified in the synthesis 

emphasise frames and processes that can drive sectoral sustainability 

transformations rather than a particular agenda for change. A processual focus 

aligns with relational approaches to sustainability (West et al., 2020) and seeks to 

address Chambers et al. ’s (2022) critique that “research and practice may spend 

too much time debating which agenda for change is best, and too little time 

considering how to facilitate better interactions among different agendas” (p. 13). 

Ultimately, the co-production process catalysed my thinking about how to drive and 

shape sustainability transformations in WASH, as described in the inquiry’s 

synthesis and conclusion (Chapter 7). 
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6.4 Summary 

This chapter presented a knowledge co-production process undertaken with WASH 

professionals to inform sectoral sustainability transformations. The analysis 

contributed both new knowledge on WASH-sustainability priorities and 

methodological insights on transdisciplinary knowledge co-production. Priority 

themes for progressing WASH sustainability were identified by the group as 

network building and knowledge decolonisation. Methodological insights asserted 

that knowledge co-production processes could beneficially emphasise purpose, 

work across scales and contexts, and take a reflexive approach to power.

Reflecting on the publication, I explored strengths and limitations of the co-

production process through the lens of ‘co-productive agility’, which informed the 

inquiry’s synthesis. In the next and final chapter of this thesis, I synthesise insights 

across the inquiry to identify three meta-level themes, before articulating the 

inquiry’s contributions and identifying areas for future research. 
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7 Chapter 7 Synthesis and conclusion 

7.1 Overview 

The final chapter of this thesis responds to the overarching research question, 

synthesising insights from each of the included studies to identify three meta-level 

themes relevant to strengthening WASH sector engagement with planetary 

sustainability imperatives: (i) reframing sector perspectives towards a deeper 

resource-orientation, such that resources are considered to be as central as people 

when defining issues and responses; (ii) reimagining purpose to foreground longer-

term goals and imperatives, such that they inform WASH professionals’ everyday 

actions; and (iii) reflexively researching, exploring how researchers can ethically 

shape WASH discourse in line with the ideals of sustainability transformations. I 

first describe the process of sensemaking across the four included studies, before 

articulating the three themes – reframing, reimagining and reflexively researching – 

as a synthesis of the inquiry’s contribution to knowledge. The contribution is 

presented in terms of both new knowledge and the problem-solving intent of the 

inquiry, with themes mapped to realms of control, influence and concern that shape 

my ability to create change (as introduced in section 1.2.3). The final section of this 

chapter summarises the contributions of the inquiry to transdisciplinary outcome 

spaces of knowledge, learning and situational change, and identifies directions for 

future research. 

7.2 Weaving the studies together: three emergent themes 

The three themes explored in this synthesis – reframing, reimagining, and 

reflexively researching – arose from a process of sensemaking across the four 

included studies. Sensemaking applied an actor-oriented lens and two heuristics to 

identify meta-level insights that respond to the inquiry’s overarching research 

question, which asked: 
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How can water, sanitation and hygiene (WASH) professionals translate and 

implement planetary sustainability concepts within – and as a foundation for – 

continued efforts to expand and strengthen service delivery towards realisation of 

the human rights to water and sanitation? 

As described in section 1.5, this overarching question is informed by sub-questions 

associated with the included studies that speak to WASH sector action towards 

stronger integration of sustainability concepts. As such, the question focuses on 

the actors implicated in the inquiry – WASH professionals – identifying ways in 

which sustainability concepts can be made meaningful for, and inform action by, 

WASH professionals. The identified themes therefore represent both research 

findings and directions for WASH professional action. 

The actor-orientation of the overarching question shaped an iterative process of 

sensemaking within and across studies. In each study, I questioned the relevance 

and meaning of findings for WASH professionals and articulated implications for 

researchers and knowledge leaders (studies 1 and 4), water service authorities 

and service providers (study 2) and urban sanitation planners and managers 

(study 3). Insights from studies 1–3 informed the design of the knowledge co-

production process in study 4, which offered opportunity to engage with WASH 

professionals, reflect on their reception, and identify priority themes for WASH 

sector transformation. 

Finally, I applied two analytical lenses as a heuristic technique to make sense of 

insights across the four studies, namely, leverage points for sustainability 

transformations (Abson et al., 2017; Meadows, 2008; Waddock et al., 2020), and 

the idea that we each operate within circles of control, influence and concern 

(adapted from S. R. Covey, 1989). Each of these two lenses and their application 

in sensemaking is described in turn below. Figure 11 illustrates the process of 

weaving together insights from each of the studies, informed by the analytical 

lenses, to identify the three themes for WASH sustainability transformations. 
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Figure 11 Weaving the studies together to identify three emergent themes 

In applying a leverage points lens to sensemaking, I drew on work from systems 

thinking (Meadows, 2008) that has been applied to sustainability transformations 

(Abson et al., 2017; Waddock et al., 2020). Meadows’ (2008) foundational work 

proposed twelve places to intervene in complex and dynamic systems to achieve 

positive change. I considered how each of the studies might inform action at the 

‘deeper’ leverage points (based on Meadows’ original hierarchy), characterised by 

Abson et al. (2017) as those influencing the intent of a system by addressing 

“underpinning values, goals, and world views of actors that shape the emergent 

direction to which a system is oriented” (p. 32). I also considered how the studies 

might inform actions relevant to the leverage points framework adapted by 

Waddock et al. (2020), which identifies ‘5Ps’ for driving transformation: 

perspectives; purposes; power relations; performance metrics; and practices, 

policies and processes (collectively termed ‘system operation’). Ultimately, applying 

a leverage points lens to sensemaking influenced the level at which synthesised 

themes sit. Rather than focusing on specific policy or practice implications, themes 

address ‘system intent’ levers related to perspectives (reframing), purposes 

(reimagining) and power relations (reflexively researching). 

Applying the lens of control-influence-concern (after S. Covey, 1998; S. R. Covey, 

1989) complemented the leverage points perspective by situating myself as a 

researcher with reference to the inquiry’s themes, and in doing so, grounding their 

potential to generate change in line with the inquiry’s normative intent. In other 
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words, I sought to explicitly consider how emergent themes might inform future 

researcher actions towards WASH sector sustainability transformations. The third 

theme – reflexively researching – arose from this process. The themes of 

reimagining and reframing map to realms of influence and concern respectively, as 

illustrated in Figure 12 and discussed in sections 7.3 and 7.4. 

Figure 12 The three themes mapped to realms of control, influence and concern 

In the subsequent sections I present each of the three themes that respond to the 

inquiry’s overarching research question. Within each I first define the theme, then 

demonstrate how it emerged from (and is reflected in) each of the included studies. 

Drawing on conceptual frames and literature that guided the inquiry, I discuss 

implications of the theme for connecting WASH practice with sustainability 

transformations, then locate each theme with reference to my realms of concern, 

influence and control. 
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7.3 Reframing: a deeper resource-orientation in WASH 

The first theme is about reframing WASH problems and responses such that 

resources, and the natural systems in which they are situated, are considered 

interdependently with people. A deeper resource-orientation in WASH means that 

resources, as well as people, are considered from the outset in any problem 

framing, service delivery approach or monitoring initiative. In identifying a role for 

reframing in WASH, I draw from social learning conceptions in which reframing 

refers to “the emergence of new, shared perceptions on the issues faced by a 

relatively heterogeneous group exploring a mutually perceived but somewhat ill-

defined challenge” (Sol et al., 2013, p. 37). This definition, while originally used in 

the context of regional development in the Netherlands, is apt for the WASH sector 

given its heterogeneity and collective pursuit of a complex challenge. I also draw 

from discussions about the role of framing in driving climate change discourse, in 

which frames are stories that drive a particular train of thought (Nisbet, 2009), and 

involve the “strategic selection (conscious or not) of language features for a 

particular purpose” (Fløttum & Gjerstad, 2017, p. 2). For WASH professionals, 

developing shared frames of WASH challenges and responses as fundamentally 

linked to resources and the natural systems from which they arise, offers potential 

to shift responses towards greater alignment with sustainability imperatives. 

In proposing a role for reframing to strengthen WASH sector engagement with 

sustainability imperatives, I note that reframing towards a stronger resource-

orientation is a trend already evident in the WASH sector. This theme therefore 

builds on, and seeks to deepen, shifts in perspective that have emerged over past 

decades. As discussed in Chapter 3, sector discourse already links WASH with 

water security, promotes resource-oriented sanitation (including in SDG target 6.2), 

and increasingly situates WASH within the context of climate change. As such, I 

view reframing as an evolutionary trend that seeks to ‘scale deep’ – to shift WASH 

sector values, mindsets and culture beyond instrumental conceptions of 

sustainability towards a more implicit resource-orientation that speaks to the 

interdependence of people and resources. The idea of ‘scaling deep’ draws from 

discussions about amplifying sustainability transformations, where scaling deep 

“aims to change people’s values, norms, and beliefs…by fostering new mind-sets, 
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changing perceptions, and introducing new ways of relating and knowing as well as 

new value systems” (Lam et al., 2020, p. 16.). In ‘scaling deep’, reframing also 

seeks to increasingly align WASH perspectives with relational approaches in 

sustainability science, which seek to move beyond dualistic thinking about ‘social’ 

and ‘ecological’ systems towards conceptions that recognise the inextricable 

connections between human and nature (West et al., 2020). 

The idea that reframing can support WASH sector professionals to achieve a 

deeper resource-orientation is both evident within, and emergent from, the four 

studies included in the inquiry. Study 1 (WASH discourse and planetary 

boundaries) identified strengths and gaps in WASH sector engagement with 

sustainability imperatives by applying the frame of planetary boundary thinking, 

which represented a novel analytical lens compared with more commonly used 

WASH frames of reference such as SDGs and human rights criteria. The updated 

discourse analysis characterised an evolution in WASH sector thinking (section 3.8) 

about sustainability from functionality (past), to instrumentalism (present), to 

interdependence of people and resources (future). Articulating this evolution is a 

propositional reframing that speaks directly to this theme, demonstrating strategic 

selection of language to inspire particular trains of thought. 

Responding to the identified need for greater focus on resources, studies 2 and 3 

explored how a resource-orientation might inform WASH engagement with 

resource considerations for a regional-scale groundwater analysis (study 2) and a 

city-scale sanitation case study (study 3). The central idea of study 2 was that the 

WASH sector has a critical interest in groundwater resource sustainability, 

opportunity to better monitor the use of groundwater resources for drinking water 

services, and a responsibility to proactively engage in groundwater resource 

management. In study 3, I argued that financial analysis of resource-oriented 

sanitation should move away from comparative performance against traditional 

systems, towards clarifying actual costs and considerations that might inform 

investment in viable, equitable resource-oriented systems. Both studies engaged in 

reframing by departing from common ways of considering WASH questions, 

challenging the sector’s focus on facilities (rather than resources) in study 2 and the 
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tendency for other reuse costing studies to consider ‘whether’ rather than ‘how’ to 

implement resource-oriented sanitation at scale in study 3. 

Engagement with WASH professionals in study 4 demonstrated the potential of 

reframing to prompt new ways of thinking about WASH professional practice. In 

sharing findings from studies 2 and 3 according to their central ‘reframed’ idea, I 

engaged in an intentional process of articulating the meaning of detailed studies for 

wider sectoral relevance. As described in Chapter 6, responses from participants 

illustrated how reframing can shift perspectives, exemplified by a water practitioner 

expanding focus to think about both household water facilities and water sources 

(an idea that he found “intriguing” as a water practitioner). Similarly, discussions 

about resource-oriented sanitation addressed the importance of mindset change for 

achieving circular economy visions, with a ‘how’ (rather than ‘whether’) mindset 

generating alternative ideas about policy directions and government actions. 

Discussions illustrated the power of frames – the strategic selection of stories – to 

drive particular trains of thought. 

The idea of reframing towards a stronger resource-orientation aligns with, and 

draws inspiration from, conceptual frames applied across this inquiry including 

sustainability transformations, circular economy concepts and systems thinking. 

Reframing has been discussed in the context of sustainability transformations as a 

means to open up possibilities for change by influencing the dominant discourse 

driving sustainability challenges (B.-O. Linnér & Wibeck, 2019; Riedy, 2021; 

Waddock, 2020). The concept of a circular economy is in itself an example of 

reframing production models, from cradle-to-grave towards regenerative, circular 

ideals (McDonough & Braungart, 2010; Waddock, 2020). The term is increasingly 

used in the WASH sector (including in this inquiry) to align previously niche ideas 

about ecological sanitation with global trends evident in the wider water sector and 

more broadly (e.g. Danso et al., 2017; Mallory, Akrofi, et al., 2020; Moya et al., 

2019; Schroeder et al., 2019; Sgroi et al., 2018). 

Systems thinking both supports a focus on reframing and offers entry points for 

doing so, with efforts to ‘scale deep’ ultimately seeking transformation in the 

mindsets that shape system paradigms. Evolution in system goals and shifting 

mindsets are two of Meadows’ most effective leverage points for intervening in a 
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system (Meadows, 2008). For WASH systems, reframing towards a stronger focus 

on resources prompts consideration of how a resource-orientation might inform 

post-SDG targets (influencing system goals). And collaborative goal setting 

processes – which inevitably frame discussions in ways that can drive mindsets in 

specific directions – can be shaped with a resource-orientation in mind (influencing 

the mindset or paradigm out of which the system arises). At national and program 

scales, the current WASH sector emphasis on systems strengthening (Valcourt et 

al., 2020) offers an entry point for reframing building blocks to emphasise 

interdependence between people and resources. 

The idea of reframing WASH problems and responses to embed a resource-

orientation relates to my realm of concern (as illustrated in Figure 12). Reframing 

reflects an ultimate vision for how sector actors conceive challenges in ways that 

shift priorities and prompt novel approaches. Reframing requires deep and wide 

changes across the sector that cannot be quickly enacted within dominant ways of 

working. As Sol et al. (2013) argue, reframing is akin to double-loop learning (after 

Argyris & Schön, 1978) in requiring “radical changes in underlying beliefs and 

values” and implying “social action, social reflection, social analysis and social 

planning” (p. 37). As such, reframing at the sector level demands engagement with 

different ways of thinking about, and prioritising, resources as critical for both 

WASH and a sustainable human-nature relationship. Such engagement with 

different ways of thinking is explored in the second theme, focused on connecting 

WASH professionals with purpose. 

7.4 Reimagining: connecting WASH action with purpose 

The second theme considers how WASH professionals – including those in the aid 

WASH sector as well as duty bearers and service providers – can engage with 

purpose to foster critical reflection and encourage alignment of everyday actions 

with longer-term goals and imperatives. The conception of purpose draws from 

Jantsch’s (1970) foundational transdisciplinary work in which purpose denotes 

value-based ideals about human survival in changing environments (also discussed 

in publication 4). I term this theme ‘reimagining’ to evoke the deeper thought and 

creativity prompted by engagement with purpose, considering how everyday 
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actions might connect to bigger questions and motivations. For WASH 

professionals, engaging with purpose means thinking beyond the specific goals, 

targets and metrics that drive action, considering the integration of these drivers 

with value-based pursuits of a sustainable, equitable world. A purposeful approach 

also implies cultivating a positive vision of the future, harnessing the constructive 

power of hopeful, inspiring narratives for shaping long-term change (B.-O. Linnér & 

Wibeck, 2019). 

The potential for engagement with purpose to facilitate the translation and 

implementation of sustainability concepts in WASH was addressed implicitly in 

study 1, evidenced in the case example featured in study 3, and explored directly in 

study 4. Study 1 defined a societal purpose as living within the doughnut, with 

planetary boundaries and social foundations together offering an aspirational 

‘space’ in which humans and nature can coexist and thrive. As argued in 

publication 1 (Chapter 3), the planetary boundaries and doughnut concepts 

demand a purposive ‘do more good’ approach, in contrast to sustainability 

endeavours based on limits to growth and minimising externalities. In articulating 

the relevance of the planetary boundary framework for the WASH sector, and 

identifying future directions for the WASH sector informed by planetary boundary 

thinking, study 1 demonstrated how such thinking can shape action. In doing so, 

however, the future directions were pitched to researchers and knowledge leaders, 

acknowledging the gap between idealised concepts and their practical application. 

While researchers are WASH professionals with a clear role to play in driving 

sector priorities and actions, sector change demands a wider focus, which I sought 

to explore in subsequent studies. 

Study 3 profiled an urban sanitation system in which purpose and action were 

connected to drive a circular economy approach. The case study – a city-scale 

faecal sludge management system that incorporates reuse of treated sludge for 

productive agricultural use – was conceived and championed by the local 

government Public Health Inspector before the SDG targets and national policy 

directives encouraged resource-oriented sanitation (as described in section 5.3). At 

the time, there was no clear financial case supporting this kind of investment, but 

rather an opportunity shaped by the Inspector’s environmental values and capacity 
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to engage the requisite buy-in, technical skills and financial support. As such, the 

example illustrates what can happen when a WASH professional engages with 

purpose then acts in line with their ideals. Yet it is crucial to acknowledge the 

challenges involved in overriding norms, given the ability of individuals to influence 

actions in line with purpose is highly contextual, shaped by structures, agency and 

perceived legitimacy (Nentwich et al., 2015). As such, the potential for engagement 

with purpose to shape a stronger sustainability orientation in WASH requires further 

empirical exploration – a reflection that shaped a focus on purpose in study 4. 

Study 4 sought to centre ideas of purpose in knowledge co-production and gauge 

WASH professional responses. Strategies for connecting with purpose included 

completion of the Worldviews Test and introduction to planetary boundaries, the 

doughnut and sustainability transformations concepts. These strategies elicited 

reflective contributions about human-nature connections and shaped ideas for 

action, as described in publication 4 (Chapter 6). In publication 4, I also argued that 

engagement with purpose is particularly constructive for the WASH sector given its 

focus on the goals and targets of SDG 6, with purpose offering a frame of reference 

for more critical pursuit of goals. However, while study 4 demonstrated benefits 

from intentionally connecting WASH professionals with purpose, the small-scale 

nature of the engagement means that findings are illustrative and further research 

is needed to explore the wider relevance of such an approach. 

Further exploration of the potential, and pathways, for reimagining purpose to 

strengthen alignment of everyday actions with longer-term imperatives can usefully 

apply insights from futures thinking and transdisciplinary integration. Futures 

scholarship offers a spectrum of approaches for engaging with the future, ranging 

from those that seek to reduce uncertainty (such as modelling) to those that 

embrace uncertainty through creativity and imagination (Wyborn et al., 2021). In 

WASH, there is scope to complement established sector processes of modelling 

and planning that seek to create certainty from a rational basis (Abeysuriya et al., 

2019), with creative methods that imagine possible pathways to purposively 

conceived futures. Both approaches are important for developing the “future 

consciousness” (Sharpe et al., 2016) of WASH professionals, with processes that 

foster imagination, creativity and embrace emergence necessary to move beyond 
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incremental or marginal change (Sharpe et al., 2016). Embracing uncertainty may 

be uncomfortable for those with positivist epistemological leanings and is not well 

supported by prevailing institutional structures (Bengston, 2019; Wyborn et al., 

2021). Yet for WASH professionals, processes that leverage the power of 

imagination to facilitation action and change may generate novel insights about our 

sector and its relationship to sustainability transformations. 

Ideas about integration can also inform strategies for leveraging purpose in WASH 

professional practice, by encouraging focus on ultimate ‘integrated’ goals and 

forging common ground across epistemological divides. The importance of 

integration for achieving the Agenda 2030 vision for people, planet and prosperity is 

well recognised (Cerf, 2019; Nilsson et al., 2016). This vision offers a framework for 

critical reflection about the alignment of WASH actions (in pursuit of SDG 6 targets) 

with the wider integrated SDG vision. Yet how to think and act in integrated ways 

remains challenging, and is a topic of considerable debate and complexity in both 

sustainability and adult learning literature (Kallio, 2011; Rogers et al., 2013; Ross, 

2020). While acknowledging this complexity, a key step is bridging disciplinary 

perspectives across both theory and practice. This form of integration is described 

by Wickson et al. (2006) as a key challenge of transdisciplinarity, best addressed 

by looking for “coherence, correspondences and ‘ridges’ across the differences” 

(Wickson et al., 2006, p. 1053). In WASH, disciplinary diversity is characteristic (as 

described in section 1.2) yet rarely discussed. There is opportunity for WASH 

professionals to converse openly about how perspectives drive priorities and 

responses, exploring how divergent perspectives can be beneficially integrated in 

pursuit of shared purpose. 

The idea of connecting WASH professionals with purpose as a strategy to 

creatively bridge sustainability imperatives and practical realities relates to my 

realm of influence (Figure 12), exercised through collaboration. Collaboratively 

engaging with purpose includes situating research aims in their wider context, 

considering the multiple ways in which problems (and responses) can be defined 

(reframing ideas), and seeking to make explicit the values driving collective 

choices. Examples from this inquiry demonstrate the potential for engaging with 

purpose to foreground longer-term imperatives for WASH professionals in ways 
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that might generate ‘transformative spaces’. Transformative spaces are defined by 

Pereira et al. (2018) “as ‘safe enough’ collaborative environments where 

experimentation with new configurations of social-ecological systems, crucial for 

transformation, can occur” (p. 33). For the WASH sector, such spaces must be 

designed with reference to ethical considerations associated with South-North 

collaborations (Pereira et al., 2020), a question I explore in the third theme focused 

on reflexively researching. 

7.5 Reflexively researching: ethically shaping WASH discourse 

The third theme considers the role of researchers in normative, and aspiringly 

transformative, processes of sectoral change. Informed by my constructivist and 

pragmatic epistemological orientation (as described in section 1.4), I see a reflexive 

approach to research as an ethical imperative, particularly given the historic and 

persisting power asymmetries that characterise development research and South-

North partnerships. My conception of reflexivity aligns with that of Bradbury and 

Divecha (2020), who differentiate reflexivity from reflection: “Reflexivity is a more 

ambitious and challenging process of thinking about your own way of thinking, 

assumptions, and underlying patterns of values and world views” (p. 277). 

Articulating my plural epistemological perspective forms part of my reflexive 

practice, as does a continual practice of questioning how my values and 

assumptions inform my research from problem framing through to engagement with 

multiple scholarly and practitioner audiences. 

In this theme I connect reflexive, normative research to the first two themes of 

reframing and reimagining and the idea of ‘discursive entrepreneurship’ defined by 

Riedy (2021) as “the practice of creating, performing and transforming memes, 

stories, narratives and discourses to promote a desired structure of the discursive 

landscape” (p. 7). I see normative research as a means through which to shape 

discourse, and concur with Riedy’s (2021) emphasis on ethics when engaging in 

intentional meaning-making towards sustainability transformations. In articulating 

this theme, I reflect on how the idea emerged from this inquiry then explore the 

opportunities and ethical imperatives of research as a means to shape discourse 

within the WASH sector. 
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In the inquiry, study 1 established a foundation for the theme of reflexively 

researching. In reviewing WASH discourse (as one of many possible literature 

review approaches), I recognised the role that discourse plays in constructing our 

realities (see Chapter 3). Analysing WASH discourse with reference to the 

planetary boundaries framework identified the ways in which mainstream discourse 

mapped – or didn’t map – to key earth system processes underpinning global 

sustainability. In articulating consequent WASH priorities, I engaged in a process of 

framing future research directions using memes (such as ‘doing more good’ and 

seeking ‘win-wins’) and stories (scaling up reuse from niche to regime scale) to 

inspire action in particular directions. Similarly, studies 2 (groundwater reliance and 

resource concerns) and 3 (life-cycle costs of resource-oriented sanitation) 

represent examples of discursive entrepreneurship with their deliberate reframing 

of commonly accepted WASH sector questions. At the time of writing each 

publication my discursive entrepreneurship was unconscious. In hindsight, 

reflecting on the process as a deliberate act highlights the importance of 

undertaking normative research reflexively, and ethically. 

The fourth study (co-production for WASH sustainability) engaged in more direct 

meaning-making with WASH professionals and considered the importance of 

reflexivity when facilitating knowledge co-production. As discussed in the reframing 

and reimagining themes (sections 7.3 and 7.4), I presented findings from studies 2 

and 3 according to the central ‘reframed’ idea and introduced sustainability 

transformations as relevant to the WASH sector. Intentional choices about what to 

emphasise and how to share prior study insights shaped the co-production 

process, as discussed in publication 4 with reference to researcher-facilitator power 

(see Chapter 6). The discussion of a reflexive approach to researcher power is 

particularly important in the context of WASH sector knowledge decolonisation – a 

theme of the co-production process – with normative research at high risk of 

perpetuating colonial power asymmetries if such dynamics are not subject to 

reflection, and reflexivity. 

A key implication arising from this theme for WASH sector researchers is that 

through the practice of research we inevitably engage in meaning-making that 

shapes sector discourse in particular directions. There is both opportunity and an 
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ethical imperative to build collective consciousness about the ways in which 

research framings and processes influence discourse given that all research 

activities – ranging from technical analyses through to social inquiry – engage in 

framing and meaning-making (Fritz & Binder, 2020; Leventon et al., 2021). 

Exploring the ways in which discursive entrepreneurship can feature in and 

alongside the robust scientific research that underpins sector directions will be 

important to align WASH agendas with sustainability transformations. 

In highlighting this direction, I note a shift in my transdisciplinary research from 

alignment with the problem-solving discourse (as described in section 2.4) towards 

integration of problem solving with the discourse of transgression. As flagged in 

section 2.5, my increasing alignment with the transdisciplinary discourse of 

transgression is an emergent outcome of this inquiry, as I integrate problem solving 

with aspirations “to critique, reimagine, and reformulate the status quo” (Thompson 

Klein, 2015, p. 14). For the WASH sector, I see shaping discourse as a means to 

interrogate and reimagine commonly accepted ways of working, to inform collective 

consideration of our sector’s place and role in sustainability transformations. 

The theme of reflexively researching relates to the circle of control (Figure 12). 

While the circle of control is commonly conceived individually, here I frame it 

collectively with reference to the WASH research community of practice within 

which I work. As such, I use the plural pronoun ‘we’ to represent WASH 

researchers who individually and collectively control our own activities, given the 

intent of this theme to identify and grapple with researcher roles in shaping 

sustainability transformations. Reflexivity is core to this process, and has been 

identified as critical for sustainability transformations work across transdisciplinary 

(Sellberg et al., 2021) and systems (Leventon et al., 2021) approaches. From a 

foundation of reflexive practice, we (WASH researchers) have opportunity to shape 

discourse from two angles. First, by bringing a sustainability transformations 

perspective to the design and implementation of collaborative research activities, 

drawing on ideas such as reframing and reimagining to critically question and 

constructively inform WASH engagement with sustainability imperatives. Second, 

to do so ethically and with a view to addressing the power imbalances 

characteristic of WASH and other development sectors. 
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I identify three specific strategies for researchers to enact these intentions. First, 

through close collaboration between Southern and Northern researchers and 

practitioners, with a view to building WASH sector sustainability-oriented discourse 

coalitions (after Riedy, 2020) that reframe towards a resource-orientation (see 

section 7.3) and inspire positive narratives. Second, researchers can undertake 

collaborative knowledge production in ways that maintain focus on our shared 

purpose of human survival in changing environments, but with flexible agendas – 

focusing less on pre-determined outcomes and more on processes and interactions 

that create space for iterative dialogue and the emergence of shared ideas for 

action (drawing on Chambers et al.’s 2022 conception of ‘co-productive agility’ – 

also see section 6.3). Third, we can advocate for research funders and institutions 

to support deeply collaborative transdisciplinary research, challenging the 

discursive power of funding bodies and researchers that shapes research framings 

and norms (after Fritz & Binder 2020 – also see publication 4). 

7.6 Integrating and applying the themes 

The three themes presented here are discrete, however there are 

complementarities and I conceive them as an integrated and mutually reinforcing 

set. For example, reframing can shape discourse in its strategic selection of frames 

to drive thoughts and actions in particular directions. Similarly, reframing relies on 

processes of reimagining to open possible alternative ways of conceiving and 

approaching situations that align with value-based ideals. And in turn, articulating 

value-based ideals that underpin conceptions of purpose requires a new degree of 

reflexivity. 

As a set, the themes serve three aims. First, they respond to the overarching 

research question by articulating implications of the inquiry for diverse WASH 

professionals. Themes of reframing and reimagining are applicable to a wide range 

of professionals, for example, program teams who select problem-framings and 

design solutions, or policymakers who articulate WASH sector objectives at 

national or sub-national scales. Reflexively researching as a mechanism for 

shaping discourse is specifically applied to researchers as one subset of WASH 

professionals engaging in collaborative meaning-making, though the benefits of 
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reflexive, ethical approaches are equally relevant for a wider set of sector 

professionals. Second, the themes offer a meta-level framework within which to 

locate more specific activities that connect WASH professional practice with 

sustainability transformations. Finally, the themes offer signposts and principles to 

guide transdisciplinary research practice beyond this inquiry, as articulated in 

reflections about realms of concern, influence and control. Considered together, the 

themes suggest pathways for research practice (reflexively researching) that may 

influence sectoral priorities (reimagining) towards a longer-term collective reframing 

in which resources and their natural systems are conceived as deeply embedded 

with WASH and therefore a core part of WASH professional responsibility and 

practice. 

7.7 Critiques and unresolved tensions 

While the three themes in this synthesis address the inquiry’s overarching research 

question and provide signposts for future research practice, there are inevitable 

gaps and tensions. In this section I apply a critical lens to synthesised themes 

informed by sustainability transformations literature, identifying four unresolved 

tensions in moving from research findings to achieve the inquiry’s normative intent 

to inform practical, ethical and transformative sectoral action. The four tensions are 

bridging conceptual ideals and imperatives with practical action at local scales, 

applying insights pitched to a global sector across diverse contexts, grappling with 

power and politics in sustainability transformations, and questioning whether an 

anthropocentric planetary boundary lens is sufficient to drive the changes 

necessary for planetary sustainability and human survival. In this section I engage 

with each of these areas, identifying implications for interpreting and applying 

insights from this inquiry. Below (section 7.9), I articulate how these considerations 

inform areas for further research. 

Moving from thematic insights to practical action is challenging. While the three 

themes emerged from and were reflected in studies across this inquiry, which 

grounds them to an extent, they sit at a conceptual level and are yet to be applied 

at local scales. There is a need for continued iteration between the local and global 

views necessary to address global challenges through grounded responses at 
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multiple ‘local’ scales. Publication 4 (Chapter 6) asserted the value of processes 

that apply big picture ideas to diverse local realities. Conversely (and 

complementarily), Balvanera et al. (2017) assert the value of place-based research 

for informing global sustainability initiatives. In synthesising insights from this 

inquiry I sought to balance conceptual coherence with practical relevance, but 

efforts to bridge sustainability transformations concepts and practice are 

challenging (Salomaa & Juhola, 2020) and further place-based research is needed 

to explore whether themes will be meaningful for localised change processes. 

Similar challenges exist when considering the applicability of themes across 

diverse social, cultural and political contexts. The importance of contextualising 

normative interventions is widely acknowledged across WASH, sustainability 

transformations and transdisciplinarity literature (e.g. Klein, 2021; B. O. Linnér & 

Wibeck, 2021; Workman et al., 2021). The three themes articulated in this 

synthesis have yet to be tested for broad contextual relevance, and there is 

substantial further work to do considering how to translate and implement ideas in 

ways that are context-specific and responsive, for a range of places and situations. 

Context will always drive the application and usefulness of presented themes, and 

moving fluidly between contextual applications is both imperative and inherently 

challenging. 

Questions of power are also unresolved, yet will drive the ways in which themes 

are interpreted and applied. Seeking to strengthen WASH sector engagement with 

sustainability imperatives is highly political, given that sustainable development and 

transformation discourses themselves arise from historical power asymmetries 

(Blythe et al., 2018; B. O. Linnér & Wibeck, 2021). Themes of reframing and 

reimagining risk depoliticising sustainability transformations by focusing on shared 

purpose rather than the profoundly political nature of grappling with conflicting 

views and designing future pathways. In advocating for purposeful approaches, I 

see opportunity to build collective visions while creating space for plural, inclusive 

transformation pathways. However, risks include the co-option of agendas by 

powerful interests and further exclusion of already marginalised groups (Bennett et 

al., 2019; Blythe et al., 2018). Further consideration of strategies for decolonising 
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sustainability transformations (Gram-Hanssen et al., 2021) and pursuing just 

transformations (Bennett et al., 2019) is needed. 

A final tension in this inquiry is its embeddedness within anthropocentric 

perspectives on global sustainability. The planetary boundaries framework – which 

shaped this inquiry – has been critiqued as “dangerously anthropocentric” in its 

suggestion that staying within the boundaries is sufficient to guide a ‘sustainable’ 

relationship between humans and the biosphere (Kopnina, 2016). The theme of 

reframing towards a deeper resource-orientation exemplifies an anthropocentric 

perspective, with the term ‘resources’ implying nature’s availability for human 

exploitation. My choice of language was deliberate given the role of natural 

systems in upstream (e.g. water supply) and downstream (e.g. wastewater 

discharge) WASH activities and my intention to offer insights that resonate with 

WASH professionals. Yet such framings implicitly elevate human needs over the 

intrinsic values of nature. I justify the approach with reference to my pragmatic 

epistemological orientation, which underpins the use of approaches and framings 

most likely to achieve normative research aims, in this case seeking relevance for 

WASH professionals. I also assert the resonance of anthropocentric perspectives 

with the notion of the Anthropocene – the description of the current human-

dominated geological epoch (Crutzen, 2002) and a concept that has captured the 

scientific and societal imagination (Bai et al., 2016; Brondizio et al., 2016). 

Nevertheless, whether anthropocentric perspectives can ever drive the deep 

transformations required to protect the biosphere is questionable (Adelman, 2018). 

7.8 Contributions of the inquiry: transdisciplinary outcomes 

This chapter has so far presented three themes as a synthesis of the inquiry’s 

contribution to knowledge, articulating how each theme emerged from the included 

studies and considering how themes might progress the problem-solving intent of 

the inquiry in future work. Complementing the thematic presentation, in this section 

I reflect on the original contribution of the thesis as a transdisciplinary inquiry with 

reference to three transdisciplinary outcome spaces (from Mitchell et al., 2015) of 

contributing to knowledge stocks and flows, mutual and transformational learning, 

and improving the situation. 

175



Firstly, the inquiry contributed to the stocks and flows of scholarly knowledge by 

publishing four open access journal articles. Publishing throughout the inquiry 

ensured emerging insights were widely available to researchers and practitioners. 

Interest in the earlier publications as evidenced by citations (noted in Table 2, 

section 1.6) attests to their value as knowledge contributions within WASH 

scholarship. Insights from the inquiry were also shared in a mix of academic and 

practice-oriented forums, most notably the WASH Futures conference (2018), the 

International Conference on Sustainable Development (2021) and during the 

WASH sustainability co-production events central to study 4. 

As is characteristic of transdisciplinary research, the contributions to knowledge 

span multiple levels and topic areas. Study 1 contributed novel insights about the 

relevance of sustainability concepts for WASH. Study 2 quantified the extent of 

household reliance on groundwater as a source of drinking water in ten countries, 

contributing evidence in support of an oft-cited but not well defined claim about 

groundwater’s importance in safe drinking water initiatives. In highlighting resource 

concerns, study 2 also contributed knowledge about the fundamental importance of 

linking WASH and water resource initiatives. Study 3 contributed empirical data on 

the life-cycle costs of resource-orientation sanitation, addressing a substantial gap 

in knowledge about urban sanitation services in general, and resource-oriented 

systems in particular. Methodological and meta-level contributions arise from study 

4 and this synthesis, both of which situate insights from across the studies with 

reference to transdisciplinary knowledge co-production processes (study 4) and 

themes for leveraging sustainability transformations in and through WASH 

professional practice. These contributions are also detailed in Table 2 (section 1.6). 

Secondly, the inquiry contributed to mutual learning through stakeholder-engaged 

research in study 3 and the knowledge co-production process central to study 4. 

Close collaboration with International Water Management Institute colleagues, and 

meaningful dialogue with Sri Lankan government representatives, supported 

mutual learning about how to define ‘the problem’ being explored – a process that 

informed the focus on life-cycle costs and their distribution rather than infrastructure 

options assessment. Mutual learning was enriched by the diverse disciplinary, 

cultural and professional perspectives of those involved, which included social 
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scientists, engineers and public health experts from multiple continents working 

across research, policy and service delivery roles. Learning was deepened by my 

immersion in the research context, which enabled me to form strong connections 

with collaborators. Strong connections provided a foundation for safe yet mutually 

challenging dialogues, which prompted moments of cognitive dissonance that drive 

transformational learning (Mitchell et al., 2015; Taylor, 1998). 

The co-production design contributed to learning outcomes for me (as researcher-

facilitator) and for participants by emphasising interaction and reflection, creating 

space for emergent insights within a broadly defined agenda to strengthen WASH 

sector engagement with sustainability concepts. As discussed in publication 4, 

findings indicated joint learning by participants, though longer engagement and 

follow up would be required to determine the nature and transformational potential 

of such learning. Learning outcomes for me were more directly transformational, 

informing the insights articulated in publication 4 and this synthesis, particularly 

those focused on researcher reflexivity and the complexity of grappling with power 

when undertaking purposive transdisciplinary research towards sustainable futures. 

Ultimately, this learning deepened my transdisciplinary ‘way of being’ (after Gibbs & 

Beavis, 2020; Rigolot, 2020), developing my capacity to “see a problem from many 

perspectives and…seek to resolve it within and outside the constraints that it 

presents” (Gibbs & Beavis, 2020, p. 3). 

Finally, the inquiry has contributed practical and conceptual insights that are well-

placed to improve the situation by placing sustainability at the centre of WASH, 

though claiming actual change is unrealistic given the scale and timeframe of 

doctoral research. Nevertheless, interest in the research and feedback received 

from influential WASH professionals during the timeframe of this doctorate 

suggests potential for future impact. Government officials from the WASH sectors 

in Vietnam, Cambodia and Indonesia have engaged with the research and asserted 

its relevance to their current initiatives, requesting input on policy and research 

directions. A specific request from Vietnam’s Institute for Water Resources 

Economics and Management sought advice regarding proposed analysis of circular 

economy options (Đinh Văn Đạo, personal communication, December 10, 2021). 

The Bill and Melinda Gates Foundation, a globally influential donor, commended 
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study 3’s decoupling of cost distribution models with hardware options and 

requested a policy brief based on the study to share with consultants and utility 

staff (A. Schrecongost, personal communication, June 4, 2021). WaterAid 

Australia’s Chief Executive valued the strategic perspective of study 1 as a 

compass for future sector directions (R. Wheen, personal communication, March 8, 

2018). I have engaged with WASH researchers with common sustainability 

interests (e.g. at Stockholm Environment Institute and the International Water 

Management Institute) throughout the inquiry, building mutually beneficial 

connections that strengthen the contributions of WASH research to our shared 

goals. Through my ongoing work as a WASH researcher, I intend to continue 

engaging with these actors to ensure that insights from this inquiry ultimately 

contribute to change. 

7.9 Future research 

The breadth, ambition and transdisciplinary nature of this inquiry means that areas 

for future research are many and varied. Here I identify recommendations for 

further research arising from two perspectives – one from the lens of sustainability 

transformations, and the other based on WASH sector trends and opportunities. 

From a sustainability transformations lens – and taking into account the pace and 

scale of change necessary to realise sustainable futures – further research is 

warranted on ‘amplification’ frameworks and their relationship to ideas of ‘scaling’ 

commonly discussed in the WASH sector. The idea of ‘scaling deep’ referred to in 

the theme of reframing (section 7.3) sits within a typology of processes for scaling 

initiatives by amplifying within (stabilising, speeding up), amplifying out (growing, 

replicating, transferring, spreading) and amplifying beyond (scaling up, scaling 

deep) (Lam et al., 2020). The relevance of these processes for WASH-

sustainability initiatives, and how they could work together, warrant further 

investigation and may prompt the sector to move beyond a tendency to focus on 

strategies for replication as is typical of development interventions (Woltering et al., 

2019). In particular, given the importance of achieving deep and rapid change to 

support sustainability transformations, research on how the WASH sector might 

‘speed up’ and ‘scale deep’ its sustainability efforts would both support sectoral 
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transformations and address a wider gap in literature identified by Lam et al. 

(2020). Efforts to ‘speed up’ may benefit from reflection about COVID-19 

responses, which have demonstrated our collective capacity to act quickly in 

response to urgent drivers. Across amplification initiatives, a critical question will be 

how to monitor and evaluate these processes, given the importance of ensuring 

effectiveness and demonstrating why such initiatives warrant investment. 

From a WASH perspective, future research could build on and further develop 

insights from this inquiry by investigating how they might inform four current WASH 

sector interests. First, the relevance of reflexivity for decolonising WASH 

knowledge warrants consideration, including strategies for promulgating more 

reflexive research and practice across the sector. Second, applying a sustainability 

transformation lens to systems strengthening approaches in WASH could generate 

practical insights about specific, contextualised levers and pathways for 

strengthening sustainability in programs, policies, and national systems. Third, 

there are clear synergies between this inquiry and emerging WASH conversations 

about planetary health, and further consideration of the strengths and limitations of 

a planetary health perspective for driving sectoral transformations could generate 

additional insights that particularly resonate for WASH professionals with public 

health perspectives. Finally, acknowledging that any choices in policy, 

programming and research imply investment of limited financial resources, further 

research is needed to explore how financing mechanisms can best support 

sustainability, while also achieving human rights. 

7.10 Concluding remarks 

The intent of this inquiry was to strengthen the WASH sector’s response and 

contribution to planetary sustainability, by exploring how to translate and implement 

sustainability concepts to sectoral research and practice. Four studies contributed 

insights relevant to WASH professional practice, drawing on analysis of discourse, 

groundwater, costs, and knowledge co-production to identify priorities and practical 

strategies. The inquiry’s synthesis identified three meta-level themes that can drive 

and shape pathways for sectoral sustainability transformations: reframing sector 

perspectives towards a deeper resource-orientation; reimagining purpose to 
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foreground longer-term goals and imperatives, such that they inform WASH 

professionals’ everyday actions; and reflexively researching as a means to ethically 

shape WASH discourse. 

The broad scope and normative intent of the inquiry demanded a transdisciplinary 

approach, and this approach has proved fruitful in generating insights that 

transcend disciplinary perspectives and integrate diverse knowledge types. 

Bridging the transdisciplinary discourses of problem solving and transgression, the 

inquiry generated both solution-oriented insights and process-oriented themes and 

directions. The latter reflect a relational response to the inquiry’s central research 

question, and offer a compass for future critiquing and reimagining of WASH in line 

with the ideals of sustainability transformations. 
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Appendix A: Data sources and assumptions for groundwater use calculations 

Findings on the proportions of households using groundwater as their primary source of drinking 
water are displayed in Figures 1 and 2 for urban and rural areas respectively. Data sources 
underpinning calculations are detailed below for each case study country. The results of calculations 
are described in terms of ‘best estimates’ and ‘minimum and maximum values’. Best estimates reflect 
conservative calculations to avoid overstating groundwater reliance, and minimum and maximum 
values are shown in this Appendix for selected cases to indicate particular uncertainties due to e.g. 
the existence of multiple baseline datasets.   

Figure 1: Proportion of urban households that are groundwater-reliant, indicating best estimates and 
ranges of uncertainty 

Figure 2: Proportion of rural households that are groundwater-reliant, indicating best estimates and ranges 
of uncertainty 

Cambodia 

Socio-Economic Survey (SES) 2015 data the basis for breakdown of facilities used (sourced from JMP 
country file). Note that SES 2015 (administered by Ministry of Planning) asked for the household’s 
main source of drinking water for the whole year, in contrast with previous SESs which asked for the 
main source during wet and dry seasons separately. 
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Urban 

Best estimate: Using SES 2015 data as basis, a calculated 17% of urban households use groundwater 
as their primary source of drinking water. This is based on information from a review of Cambodia’s 
water sector [1], which identifies sources used by piped schemes in all provincial capitals (excluding 
Phnom Penh) and the number of households served. From this, a calculated 30% of urban households 
outside of Phnom Penh use tap water sourced from groundwater. Phnom Penh information was 
added to this, with surface water the source used by Phnom Penh Water Supply Authority (PPWA) 
(accessed 12 Oct 2018) which serves 96% of households in Phnom Penh (Ministry of Planning 2016). 
Including Phnom Penh, the calculated proportion of urban households whose tap water is sourced 
from groundwater is 5%. 

Packaged water is excluded based on Phnom Penh Post report (accessed 12 Oct 2018) that almost all 
bottled water is siphoned from rivers or supplied by PPWA (which uses surface water as described 
above). 

Minimum and maximum values: A minimum value (9%) is reported to reflect uncertainty associated 
with the baseline uses the same assumptions and calculations but takes NBADWQ 2015 data 
(assessment of urban household microbial quality of drinking water at point of consumption, sourced 
from JMP) as the baseline. NBADWQ has 6% of urban households using point source groundwater, 
50% using tap water and 20% using packaged water (in contrast with SES 2015 respective figures of 
13%, 74% and 2%). 

Rural 

Best estimate: Rural best estimate (53%) based on literature [2][3] noting these figures are cited as 
relevant for the dry season and are based on point source groundwater use only. Taken as a 
reasonable estimate based on similarity with SES 2015 data on point source groundwater use (50%) 
and expert advice that piped systems commonly use surface water. 

Minimum and maximum values: Minimum and maximum values are included to provide reference 
points from the SES 2015 survey as complement to the best estimate figure derived from literature. 
Minimum value shows SES 2015 point source groundwater use (50%). Maximum value (56%) takes 
point source groundwater as a baseline and adds a half of the 12% tap water, indicating uncertainty 
given lack of available data on sources used for piped systems. 

Indonesia 

National socio-economic survey (SUS) 2016 data the basis for breakdown of facilities used (sourced 
from JMP country file). 

Urban 

Best estimate: calculated 90% includes point source groundwater (38%) and packaged water (46%), 
based on information that Danone Aqua, identified as the leading brand in a 2018 Euromonitor 
International market report (accessed 16 November 2018), is sourced from groundwater (company 
information, accessed 16 November 2018). A rapid scan of selected other brands (using a snowballing 
approach from media sources citing brand names) was also undertaken to verify groundwater as the 
typical source of packaged water. 39% of tap water included based on data that water supplied by 
utilities in Indonesia is 61% sourced from surface water, 16% from springs and 23% from 
groundwater (information based on 2016-2017 data from Perpamsi, the Association of Indonesian 
Water Supply Utilities). This assumes supply for different sectors (domestic, commercial, industrial) 
follows the same ratio as abstraction. 
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Rural 

Best estimate: Calculation of 92% includes point source groundwater (71%) and packaged water 
(16%) based on information as above about the source of packaged water. 90% of tap water is also 
included based on information from data on sources used for piped schemes constructed under the 
Water and Sanitation for Low Income Communities Project (PAMSIMAS) (accessed 30 October 2018). 

Minimum and maximum values: A minimum value (86%) excludes tap water to reflect that schemes 
built under PAMSIMAS (used as the basis for estimating the proportion of tap water sourced from 
groundwater) may not be representative of schemes across Indonesia. 

Lao PDR 

2015 census data the basis for breakdown of facilities used (sourced from JMP country file). 

Urban 

Best estimate: Calculated 77% includes point source groundwater (13%) and packaged water (64%) 
based on literature reporting that all bottled water is groundwater sourced [4]. Of households using 
tap water, 17% are included based on research which found that that 10 of 60 townships have 
groundwater-sourced piped water [4].  

Minimum and maximum values: A minimum value (77%) excludes tap water given lack of 
information about the relative size of served populations in the 10 of 60 households using 
groundwater-sourced tap water [4]. 

Rural 

Best estimate: based on literature reporting an agricultural survey [5], which identifies rural 
groundwater reliance as 51%. This figure is reasonably consistent with 2015 census data (55%) 
including those using point source groundwater and packaged water (assuming all packaged water 
is groundwater as described above).  

Minimum and maximum values: A maximum value based on census 2015 data shows a substantial 
increase in proportion of households using groundwater, arising from the inclusion of 34% of 
households using ‘other’ facilities described in survey notes as ‘mountain sourced’ (which are 
assumed to be spring sourced). 

Myanmar 

Demographic and Health Survey (DHS) 2016 data the basis for breakdown of facilities used (sourced 
from JMP country file). 

Urban 

Best estimate: Calculated 72% includes point source groundwater (34%) and packaged water (34%) 
based on company information that Alpine, the brand leader in bottled water, uses groundwater and 
sector expert advice that packaged water is all groundwater-sourced.  

Calculations for tap water are based on analysis of Myanmar’s two largest cities, Yangon and 
Mandalay, which together represent about half of the total urban population and reflect geographic 
diversity, with Mandalay located in the dry zone. Yangon City Development Corporation (YCDC) 
supplies water to 58% of  Yangon’s ~4.5 million population, and as of 2014 an estimated 12.5% was 
sourced from groundwater [6]. Mandalay, Myanmar’s second largest city, has a reticulated supply 
which is 90% sourced from groundwater [7] and reaches an estimated 50% of the ~1.2 million 
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population [8]. From these figures, the proportion of those served by tap water sourced from 
groundwater is calculated to be 27%. 
 
Minimum and maximum values: A minimum value (61%) excludes tap water given lack of 
information about the relative size of served populations and sources of water in cities beyond 
Yangon and Mandalay. While we know that at least some tap water is sourced from groundwater, 
including the minimum value is also indicative of uncertainty related to sources of packaged water, 
with best estimate value based on information from one brand. 

Rural 

Best estimate: Calculated 78% includes point source (75%) and packaged water (4%), based on 
information that Alpine, the brand leader in bottled water, uses groundwater and sector expert 
advice that packaged water is all groundwater-sourced. Tap water is conservatively excluded given 
lack of data on sources used for piped systems. 
 
Minimum and maximum values: A minimum value (75%) excludes packaged water given 
uncertainty beyond the leading brand. A maximum value (83%) includes half of the 7% that is tap 
water, reflecting that some rural piped schemes use groundwater, for example [7] describes a mix of 
surface and groundwater sourced piped systems in the dry zone. 

Timor-Leste 

Census 2010 data the basis for breakdown of facilities used (sourced from JMP country file). 

Urban 

Best estimate: Calculated 93% includes point source groundwater (28%) and tap water (65%) based 
on literature confirming that piped systems in Dili [9] and Bacau [10] use groundwater.  
 
Minimum and maximum values: A maximum value (95%) adds packaged water. Information on the 
sources of packaged water was not readily available, however expert advice suggests at least one 
company based in Timor-Leste sources water from groundwater and much bottled water is imported 
from Indonesia where (as above) it is typically groundwater-sourced.  

Rural 

Best estimate: Calculated 81% includes point source groundwater and tap water based on advice 
from sector experts that villages with taps tend to be spring or aquifer sourced.  

  
Minimum and maximum values: A minimum value (62%) includes only half the tap water, reflecting 
the lack of data and literature to validate expert advice and based on information that motorized 
pumps are used to supply water to approximately ~150,000 rural dwellers [11], which is 
approximately half those using tap water. Though it should be noted that this figure would exclude 
gravity-based spring-sourced piped systems which (according to expert advice) are common in rural 
areas. 

Vietnam 

Multiple Indicator Cluster Survey (MICS) 2014 data the basis for breakdown of facilities used 
(sourced from JMP country file). 

Urban 

Best estimate: 46% based on calculations of proportions of tap water and bottled water sourced from 
groundwater. 
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Calculation for tap water based on utility benchmarking data (accessed 2 June 2018) which has a 
proportional breakdown of source of water abstracted by utilities. This assumes supply for different 
sectors (domestic, commercial, industrial) follows the same ratio as abstraction.   

Calculation for packaged water based on review of the four dominant brands of La Vie (Nestlé), 
Aquafina (PepsiCo), Vinh Hao (Vital), and Dasani (Coca-Cola Vietnam), which account for around 
80% of sales according to a VietnamNet 2015 article. Also information from a Vietnam Investment 
Review 2017 article which places Aquafina market share at 40% and La Vie at 30%. Reviewed 
company websites or market and media reports to identify the water source for each major brand: 
Aquafina uses treated tap water; La Vie uses groundwater; Vital uses groundwater and Dasani uses 
groundwater. All sites accessed 12 Oct 2018. Tap water used for Aquafina (which has 40% market 
share) was conservatively assumed to be not from groundwater, though if sourced from Hanoi or Ho 
Chi Minh City water supplies it could be groundwater. Remaining market share assumed to use 
groundwater given La Vie (with 30% market share) and other market leaders use groundwater. 
From this analysis, a calculated total of 60% of packaged water is sourced from groundwater. 

Minimum and maximum values: A maximum value (54%) includes Aquafina bottled water (from 
tap water) as likely originally sourced from groundwater.  

Rural 

Best estimate: 66% based on calculations of proportions of tap water and bottled water sourced from 
groundwater. 

Calculation for tap water assumes 50% of tap water is sourced from groundwater. This is a 
conservative estimate informed by: (i) a World Bank Technical Assessment [12] focused on the 
northern mountainous and central highlands regions, which indicates 75% of piped schemes are 
groundwater or spring sourced; and (ii) research in six communes spanning three provinces in the 
Red River Delta and two provinces in the Mekong Delta [13,14] which found a roughly equal mix, 
with northern piped schemes typically sourced from surface water, and southern schemes sourced 
from groundwater. This calculation, while based on limited data sources, does not make a substantial 
difference to the overall finding given that tap water is only used by 11% of the rural population. 

Calculation for packaged water uses the assumed 60% sourced from groundwater as described above 
for urban areas. 

Minimum and maximum values: Reflecting the lack of data and related uncertainty about sources of 
tap water in rural areas across Vietnam, a minimum value excludes tap water and a maximum value 
includes an additional proportion of packaged water (in alignment with the urban calculated 
maximum value above). 

Kiribati 

Census 2010 data the basis for breakdown of facilities used (sourced from JMP country file). 

Urban 

Best estimate: 90% includes point-source groundwater (23%) and tap water (67%). Tap water is 
included based on information that the reticulated system in South Tarawa (Kiribati’s only urban 
centre) is wholly reliant on rainfall-fed groundwater lenses [15]. 

Rural 
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Best estimate: 95% includes point source groundwater (89%) and tap water (6%). Piped water systems 
are mainly located on North Tarawa [16] which is reliant on shallow groundwater [17]. 

Papua New Guinea 

Household Income and Expenditure Survey (HIS) 2010 data the basis for breakdown of facilities used 
(sourced from JMP country file). 

Urban 

Best estimate: 25% includes point source groundwater (5%) and a calculated 28% of the 71% using 
tap water as groundwater sourced. Calculations based on information from Water PNG (accessed 16 
July 2018), a State Owned Enterprise responsible for water supply and sewerage services in urban 
areas, with water  sources for different urban areas weighted by population.  

Rural 

Best estimate: 22% includes only point source groundwater use (22%).  Tap water (16%) excluded 
based on sector expert advice that piped water in rural areas is almost exclusively from gravity fed 
systems, from a dammed stream.  

Solomon Islands 

Census 2009 data the basis for breakdown of facilities used for urban areas, and Solomon Islands 
Rural WASH Program data 2016 the basis for breakdown of facilities used for rural areas (sourced 
from JMP country file). 

Urban 

Best estimate: 61% includes point source groundwater (3%) plus 94% of those using tap water. Tap 
water calculations are based on expert advice and reports [18,19] on resources used by Solomon 
Water to supply Solomon Island’s four largest cities (Honiara, Auki, Noro and Tulagi) with piped 
water. Honiara and Auki piped water supplies are sourced from groundwater, while Noro and 
Tulagi are sourced from surface catchments. Honiara and Auki are home to 94% of the population of 
these four cities (based on 2009 census data). 

Rural 

Best estimate: 28% includes only point source groundwater use (28%). Tap water (used by 38%) is 
excluded given information that most rural communities, other than those on small outlying coral 
atoll islands, use abundant surface water or rain water [20]. 

Vanuatu 

Vanuatu 2016 Mini-Census data  the basis for breakdown of facilities used (sourced from Vanuatu 
National Statistics Office). The Mini-Census was used instead of Vanuatu Demographic and Health 
Survey (VDHS) 2013 data (which is the most recent data included in the JMP country file) given it is 
more recent and involved a full population enumeration. 

Urban 

Best estimate: 83% includes point source groundwater (2%), tap water (83%) and packaged water 
(1%). Tap water included based on information that water supplied by UNELCO (concessionaire) to 
Port Vila is groundwater sourced, and water supplied by the Public Works Department (Ministry of 
Public Utilities and Infrastructure) to Luganville is spring sourced [21]. The National Water Strategy 
2006-2018 [22] notes that six private suppliers also supply piped water in urban areas, and that no 
information is available on sources used by these operators. However, given Vanuatu’s two largest 
urban settlements use groundwater it is assumed these providers also supply groundwater. 
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Packaged water included as the leading brand of bottled water, Azure Pure Water, uses groundwater 
(sourced from the largest aquifer on Efate island, which sits under the farm lands surrounding 
Bauerfield Airport). 

Rural 

Best estimate: 34% based on 2017 waterpoint inventory data [23] which identifies sources for 
community supplies. This calculation is the sum of population using groundwater as a proportion of 
total population.  
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S1. The Balangoda faecal sludge treatment plant 
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S2. Cost data and assumptions 

Table 1 details itemised system costs, replacement frequencies and allocations by stage of the sanitation chain and which actor incurs each 
cost. These costs were aggregated to determine the present value life-cycle cost over a 25-year system lifespan using a discount rate of 10%. 

Table 1 Itemized system costs and replacement frequencies 

Collated costs  LKR Year 
incurred 

LKR 2018 
value 

USD 2018 
value 

Frequency 
(years) 

Chain 
allocation Who pays 

Capital costs 
FSTP construction Balangoda Urban Council 
(BUC) portion 3,300,000 2009 6,071,354 37,371 na Treatment BUC 

FSTP construction national government portion 3,300,000 2009 6,071,354 37,371 na Treatment National govt 
Wooden roof for sedimentation tanks 200,000 2012 260,391 1,603 na Treatment BUC 

Steel mesh under coir mattress in drying beds 40,000 2012 52,078 321 na Treatment BUC 

Desludging truck purchase 8,000,000 2018 8,000,000 49,243 na Emptying and 
transfer BUC 

Pelletiser 494,102 2015 584,604 3,598 na Disposal/reuse Donation 

Electrical connection fee for pelletiser 155,172 2015 183,594 1,130 na Disposal/reuse BUC 

Operational costs 

Truck fuel, labour and maintenance 936,000 2018 936,000 5,761 1 Emptying and 
transfer BUC 

FSTP operation: labour, cleaning 696,000 2018 696,000 4,284 1 Treatment BUC 

Enrichment: rock phosphate 40,000 2018 40,000 246 1 Disposal/reuse BUC 

Bags (apportioned 31%) 81,502 2018 81,502 502 1 Disposal/reuse BUC 

Pelletiser running costs 10,912 2018 10,912 67 1 Disposal/reuse BUC 

Desludging fees (paid by households)  6,470,000 2018 6,470,000 39,825 1 Emptying and 
transfer 

Households 
(transfer) 

Capital maintenance costs 
Replace coir media in 15000L effluent treatment 1,500,000 2015 1,774,744 10,924 10 Treatment BUC 

Replace coir mattress in drying beds 1,500,000 2015 1,774,744 10,924 5 Treatment BUC 

Refreshing treatment tank - washing etc 270,000 2015 319,454 1,966 5 Treatment BUC 
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Collated costs  LKR Year 
incurred 

LKR 2018 
value 

USD 2018 
value 

Frequency 
(years) 

Chain 
allocation Who pays 

Desludging truck replacement 8,000,000 2018 8,000,000 49,243 15 Emptying and 
transfer BUC 

Desludging truck tank replacement 700,000 2018 700,000 4,309 10 Emptying and 
transfer BUC 

Pelletiser replacement 494,102 2015 584,604 3,598 10 Disposal/reuse BUC 
Septic tank replacement (annual cost for 4% of 
households) 2,502,680 2018 2,502,680 15,405 1 Containment Households 

Support and other costs 
Monitoring by Dept of Agriculture (apportioned 
31%) 310 2018 310 2 1 Disposal/reuse BUC 

Central Environmental Authority licence and site 
inspection fees 22,500 2018 22,500 138 1 Disposal/reuse BUC 

Training and capacity building 150,000 2018 150,000 923 1 Treatment BUC 

Revenue 

Desludging bowser fees received -6,470,000 2018 -6,470,000 -39,825 1 Emptying and 
transfer BUC (transfer) 

Sale of co-compost (apportioned 60%) -827,555 2018 -827,555 -5,094 1 Disposal/reuse BUC 

The equivalent annualized cost was calculated as: 

𝐸𝑞𝑢𝑖𝑣𝑎𝑙𝑒𝑛𝑡	𝑎𝑛𝑛𝑢𝑎𝑙𝑖𝑧𝑒𝑑	𝑐𝑜𝑠𝑡	 =
𝑁𝑃𝑉	 × 	𝑟

1 − (1 + 𝑟)!"

Where r is the discount rate (10%) and n is the period of analysis in years (25).The annualized cost per person was determined by dividing the 
annualized system cost by the calculated number of people served by the sanitation system over its lifespan. Population calculations are 
described in S3.
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S3. Assumptions and methods for estimating population served 

Three broad approaches were used for triangulating estimates of the population served by the system over its lifespan. The first (Method 1) is 
based on reported population served. The second is based on sludge volumes, informed by reported volumes treated and truck trips per day 
(Methods 2A and 2B). The third (Method 3) is based on revenue from desludging services (documented in Council records) and fees charged 
to households. Method 3 was considered most reliable (being based on documented records) and therefore formed the basis of the analysis 
and reported findings. The different methods are presented here to show the range of possible calculations and influence of alternative 
assumptions on determined population, which would in turn affect the reported cost per person.  

Variables 

pop served The total population served by the system (households served x average household size) 
hhlds served The number of households served by the system (ie procuring council desludging services) 
hhld size Average household size (occupancy ratio) 

vol septage per day Volume of septage treated per day (m3) 
operating days FSTP operating days per year 
tank volume Indicative on-site sanitation tank volume (m3), calculated as 4m3 based on the size specified for an average household in 

the Sri Lanka Standard 745 Part 2 Code of Practice for the Design and Construction of Septic Tanks and Associated Effluent 
Disposal Systems (3.34m3) and rounded up to reflect that households are used as a proxy in this study for a mix of properties, 
some of which would have larger tanks 

desludging frequency Average desludging frequency, which is assumed to be 5 years based on typical tank design guidelines (note that 5 years is 
considered a reasonable proxy given wide variation in reported actual practices ranging from annual desludging to 10-yearly 
desludging, or in some cases never desludging) 

trips per day Average trips per day taken by Council-operated desludging trucks 

annual revenue Revenue per year (based on reference year 2018) that Council receives for desludging service (USD) 
desludging fee Average fee paid by a household per emptying event to use the Council desludging service (USD) 
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Method 1 

Key driver: number of households served (10,000) as reported by Council key informants 

𝑝𝑜𝑝	𝑠𝑒𝑟𝑣𝑒𝑑	 = ℎℎ𝑙𝑑𝑠	 × 	ℎℎ𝑙𝑑	𝑠𝑖𝑧𝑒	  

Result 

𝑝𝑠	 = 10,000	 × 	4.2	 = 42,000  

Assuming 42,000 people are served by the system, the annualised USD/person is 1.04. This is considered to be an overestimate of population 
served as it does not align with the most reasonable estimates for household tank sizes (based on the Sri Lanka Standard), volumes of sludge 
collected (based on truck sizes, likely trips per day and recorded revenue) and the volume of sludge reported to be treated at the FSTP. 

Method 2A 

Key driver: average volume of sludge treated each day as reported by Council key informants 

𝑝𝑜𝑝	𝑠𝑒𝑟𝑣𝑒𝑑	 = #$%	'()*+,(	)(-	.+/
+#(-+,(	*+"0	#$%12(

	× 	𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑛𝑔	𝑑𝑎𝑦𝑠	 × 𝑑𝑒𝑠𝑙𝑢𝑑𝑔𝑖𝑛𝑔	𝑓𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦 × 	𝑎𝑣𝑔	ℎℎ𝑙𝑑	𝑠𝑖𝑧𝑒

Result 

𝑝𝑜𝑝	𝑠𝑒𝑟𝑣𝑒𝑑	 = 33
4
	× 	350	 × 	5	 × 	4.2	 = 20,213

Based on this method, the population served by the system is 20,213 people, and the annualised USD/person is 2.45 This is considered a 
reasonable estimate given data on the volume of sludge treated per day at the FSTP is based on site observations from operators. 

Sensitivity analysis for this method, as summarized in Table 2, indicates the influence of assumptions about average tank volume and 
desludging frequency on findings. Assuming smaller tank volume or longer desludging frequency results in an increase in the calculated 
population served, with a corresponding reduction in annualised per person cost. Assuming a larger tank volume or shorter desludging 
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frequency results in a decrease in calculated population served and corresponding increase in annualised per person cost. All variations result 
in an annualised cost in the range of 1.75-3.85 USD/person. 

Table 2 Sensitivity analysis of tank volumes and desludging frequencies 
Average tank 
volume 

Desludging 
frequency 

Population 
served 

USD/p/yr 

3 5 26,950 2.10 
5 5 16,170 2.80 
4 2.5 10.106 3.85 
4 10 40,425 1.75 

Method 2B  

Key driver: estimated average truck trips each day as reported by Council key informants 

𝑝𝑜𝑝	𝑠𝑒𝑟𝑣𝑒𝑑	 = 𝑡𝑟𝑖𝑝𝑠	𝑝𝑒𝑟	𝑑𝑎𝑦	 × 	𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑛𝑔	𝑑𝑎𝑦𝑠	 × 	𝑑𝑒𝑠𝑙𝑢𝑑𝑖𝑛𝑔	𝑓𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦	 × 	𝑎𝑣𝑔	ℎℎ𝑙𝑑	𝑠𝑖𝑧𝑒  

Note that one truck trip is assumed to equals one household tank emptied, with this assumption based on information about council truck 
volumes, average tank sizes and reported practices. 

Result 

𝑝𝑜𝑝	𝑠𝑒𝑟𝑣𝑒𝑑	 = 3	 × 	350	 × 	5	 × 	4.2	 = 22,050 

Based on this method, the population served by the system is 22,050, and the annualised USD/person is 2.33. This is comparable to the 
finding from Method 2A. 

Method 3  

Key driver: Council desludging service revenue records 
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𝑝𝑜𝑝	𝑠𝑒𝑟𝑣𝑒𝑑 = +""1+%	-(#("1(
.('%1.,5",	6((

	× 	𝑑𝑒𝑠𝑙𝑢𝑑𝑖𝑛𝑔	𝑓𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦	 × 	𝑎𝑣𝑔	ℎℎ𝑙𝑑	𝑠𝑖𝑧𝑒 

Result 

𝑝𝑜𝑝	𝑠𝑒𝑟𝑣𝑒𝑑	 = 78,:;<.38
<>.>>

	× 	5	 × 	4.2 = 14,761	 

Assuming 14,761 people are served by the system, the annualized USD/person is 2.8. This is considered the most reliable estimate as it is 
based on actual records and a schedule of desludging fees (with a weighted average calculated fee of 57 USD/household based on an 
assumed proportion of service users located inside and outside city boundaries, of varying property types). 

Sensitivity analysis for this method, as summarized in Table 3, shows the influence of lower and higher assumed average desludging fees. A 
lower assumed fee increases the assumed population served, with a corresponding decrease in the annualised per capita cost. Similarly, a 
higher assumed average fee decreases the assumed population served, with a corresponding increase in the annualised per capita cost. All 
variations result in an annualised cost in the range of 2.7-3.4 USD/person. 

Table 3 Sensitivity analysis of desludging fees 
Average 
desludging 
fee (USD) 

Population 
served 

USD/p/yr 

50 16,727 2.70 
60 13,939 3.10 
70 11,948 3.40 
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Appendix A: Codes used for inductive data analysis 

Process and principles Direct activities and outcomes - towards 
longer term impact

Sustainability transformations leverage 
points

Context-based (principle 1) New knowledge Perspectives – what is the desired 
mindset?

Global v local contexts Quality of knowledge Mindset

Pluralistic (principle 2) Systems knowledge Paradigm

Participant diversity Target knowledge Feelings

Partiality of knowledge Worldviews Purposes – what are we trying to 
achieve?

Diverse ways of knowing and doing Values Shifting the goal

Reflexivity Transformation knowledge Shifting the vision

Inclusivity of discussion Pathways to action Power relations – who needs to 
participate?

Goal-oriented (principle 3) Sense of agency Participation

Diversity in vision Integration in work Performance metrics –  how should we 
measure and reward progress? 

Sense of shared vision Shared understandings Measuring progress

What success looks like Shared understanding of knowledge Practices, policies, and  processes – 
how should the system operate? 

Interactive (principle 4) Interaction leading to learning Future system operation

Collaboration Joint deliberation

Interaction between participants Collective agency

Success of online tools New competences 

Other process feedback Safe space

Self-reflection

Reflexivity

Competence building

Self-transformative

Engaging with complexity
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