
Chapter 7

Sanitation 4.0

‘The test of our progress is not whether we add more to the abundance of those who have much;
it is whether we provide enough for those who have too little’

Franklin D. Roosevelt, 32nd president of US

7.1 INTRODUCTION
Sanitation 4.0 is the strategic and practical application of ReGenSan (i.e. the fourth paradigm of sanitation),
which acknowledges the dynamic complexities of sanitation systems through the integration of all
subsystems (SES, TeS, and ReS), dimensions and components (see Chapter 3). It seeks to align with the
targets of the SDG 6 and recognizes that household sanitation infrastructure (e.g. collection) is just one
element in a full sanitation service delivery chain from collection to treatment and recovery of SDPs with
minimal disposal of residues (Sparkman & Sturzenegger, 2018). This programme will be designed to
provide sani-solutions for the vulnerable population, particularly those with the greatest burden, in order
to meet the SDG targets of ‘adequate and equitable’ sanitation and hygiene for all by 2030. In this case,
‘adequate’ implies a system of ‘safely managed’ by-products of human digestion right through the
sanitation service chain (whether with safe containment and disposal in situ or safe transport and
treatment/reuse off-premises), which could be critical for public health and environmental protection
(Prüss et al., 2002; UN-Water, 2016). This, consequently, doubles the MDGs’ service shortfall of 2.3
billion people (without improved sanitation facilities) to the SDG’s current estimated 4.5 billion
population without ‘safely managed’ sanitation facilities. In short, about three-fifths of the global
population (much more than before the MDGs) do not have access to ‘safely managed’ sanitation
(Mason et al., 2017). This is probably because the ‘safely managed’ indicator demands (for the first time
at global level) to know what happens to human excreta after its discharge into the toilet or latrine
(WHO/UNICEF, 2017a) as against merely counting existing facilities. These new insights have given
birth to an increased urgency towards improved service, expanded access, recovered resources (of value)
and synergy with other sectors such as agriculture, horticulture, aquaculture etc. Furthermore, traditional
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dichotomies of small and large, modern and conventional, sewer and non-sewer, centralised and
non-centralised technologies need to shift to more appropriate, holistic, integrated and hybridized options
with transdisciplinary perspectives (Brands, 2014; Reymond et al., 2016; van Vliet et al., 2011).

Over the past four decades, sanitation has progressed along the lines of three major paradigms, which
this book presented in Chapter 1 (sanitation 1.0 [see 1.4.1], sanitation 2.0 [see 1.4.2] and sanitation 3.0
[see 1.4.3]), but they were mainly technocentric (Black & Fawcett, 2008) (Figure 7.1). It climbed up
the development agenda after the UN General Assembly in November 1980 proclaimed 1981–1990 as
the International Drinking Water Supply and Sanitation Decade (IDWSSD) and all countries adopted the
declared target of achieving 100% sanitation coverage by 1990. The launch of the Decade programme
gave sanitation a publicity boost and led to concerted efforts to speed up the progress. The 1980s
experienced real progress in technology development for improving sanitation services for low-income
communities (WELL, 1998). But, at the end of the decade, sanitation challenges were still huge and
continued to escalate as more than 3 billion people remained without access or service.

Figure 7.1 Sanitation historical timelines.
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The MDGs came in 1990 with global targets that sought to reduce by half ‘the proportion of the
population without sustainable access to basic sanitation between 1990 and 2015’. Access to basic
sanitation was measured with the indicator of ‘proportion of population using an improved sanitation
facility’, which meant that such facilities should hygienically separate human excreta from human
contact (UNDG, 2003). This target for ‘basic sanitation’ was further established at the World Summit on
Sustainable Development (WSSD) and subsequently incorporated into the MDGs. The WSSD defined
the term in broader perspectives than the ‘improved sanitation’ initially used by the MDG-JMP (Lenton
et al., 2005). According to the WSSD, ‘basic sanitation’ includes:

(I) Developing and implementing efficient household sanitation systems;
(II) Improving sanitation in public institutions, especially schools;
(III) Promoting education and outreach focused on children as agents of behaviour change;
(IV) Promoting affordable and socially and culturally acceptable technologies and practices;
(V) Developing innovative financing and partnership mechanisms;
(VI) Integration of sanitation into water resources management strategies in a manner that does not

negatively affect the environment (i.e. protection of water resources from biological or faecal
contamination).

The WSSD was more impact-oriented (with particular focus on communities with very low coverage and
levels of sanitation services) and pursued the creation of processes and approaches that improved
sanitation services and expanded coverage rather than on just constructing a certain number of toilets
(Lenton et al., 2005). The MDGs era peaked in 2008 when the UN General Assembly declared that year
as the International Year of Sanitation (IYS), geared towards averting a global crisis. The message was
clear: sanitation is vital for health; enhances social development; supports economic investment;
improves the environment; and best of all, it is achievable (UN-Water, 2008). But, after fifteen years of
the MDGs, there are still about 2.3 billion people or more without basic services (or using unimproved
facilities) and roughly 892 million others still practising open defecation (UNICEF/WHO, 2015). The
era of the SDGs has come in with higher expectations that go beyond ‘halving’ to ‘universal access to
safely managed’ sanitation driven with immediate urgency at the global level (WHO/UNICEF, 2017a).

However, ‘basic sanitation’ or ‘safely managed sanitation’ will only be achieved through a combination
of psycho-social, cultural and ecological factors as well as techno-solutions (Reymond et al., 2016;
Rosenqvist et al., 2016). For instance, sanitation systems can experience social failure from non-use or
misuse of available technology due to sociocultural or socio-economic deficiencies related to lack of
demand, acceptance, knowledge of use, unwillingness or inability to pay as well as psycho-social and
physical limitations; all of which could lead to system breakdown and environmental/hygiene risks
(Starkl et al., 2013). In addition, resource recovery from sanitation matter could also be affected by
differences in social groups’ values and attitudes. This calls for a critical and persistent drive towards
aligning existing proven and emerging approaches/technologies, especially in the areas of management
and governance, technologies, social marketing and financial mechanisms (among others) that will
effectively guide practitioners, donors, policymakers and academics (World Water Council, 2012). This
is where Sanitation 4.0 comes in to integrate all previous and emerging paradigms, concepts and
approaches. It captures the core essence of sanitation as ‘solutions’ rather than as an ‘arbiter of problems’
that must be eradicated from other areas (water, health, hygiene and environment). This application
platform sees sanitation as a major entity that could contribute to other sectors and should not be merely
attached to seemingly more important concerns. There are approximately 7 billion humans on earth at
the current time and about 97% of them will exercise the unavoidable physiological activity of excreting
faeces and urine (regardless of age, status, race, gender, geographical region etc) every single day. This
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is a tremendous amount of material that could be viewed as ‘dangerous waste’ or ‘valuable resource’.
Sanitation 4.0 considers excreta a valuable resource and works from this structural premise, and
ReGenSan will provide Sanitation 4.0 with emerging and proven strategies to focus on providing
sani-solutions for where the needs are greatest, particularly the vulnerable in society (elders, people with
disabilities etc), BoPs and Hard-to-Reach-Area (HtRAs).

The Sanitation 4.0 programme will aspire to use the ReGenSan framework to advocate for total
rejuvenation and a comprehensive overhaul of all relevant and related architecture/infrastructure (soft
and hard) so as to ensure retrofitting of dysfunctional, failed and abandoned facilities and devices, and of
the rehabilitation of aged sewered systems (Lopes et al., 2012). It will serve as a platform that actively
seeks innovative and appropriate sani-solutions, better synergy and cooperation between actors (formal
and informal) as well as ownership by users. Unsafe discharge of faecal matter into the environment will
be discouraged and reduced through resource capturing for reuse and proper treatment before disposal.
The preconception is that sanitation will deliver maximal benefits to society only when there exists an
inter-synergistic integration of the subsystems (SES, TeS and ReS) to enable appropriate linkages
between ‘technological design’ and ‘delivery platform’ (e.g. Sanitation 4.0) in order to achieve optimal
and sustained sani-solutions within the sani-shads. In essence, sanitation is directly connected to natural
systems, agriculture, horticulture, aquaculture, constructions and other industries through cyclical
interactions that create and support a sanitation economy with blurred boundaries between different
enterprises and actors in the IFSVC (see Section 6.3).

The Sanitation 4.0 delivery platform will use a set of resources (i.e. KaS, financial resources and social
networks and functions, culture and traditions, etc.) to encourage the adoption and utilization of sanitation
infrastructure guided by ReGenSan subsystems, dimensions and components (Bill & Melinda Gates
Foundation, 2006; Ramani et al., 2012; Sethi & King, 1998). It will also use market-based approaches to
tackle the challenges of improving coverage and service by integrating innovative technological designs
with sociotechnical and contextual factors to provide novel solutions (Bocken et al., 2014). Creative and
innovative solutions and strategies that guarantee provision that are safe, functional, serviceable, reliable
and facilitate optimized resource capturing will be particularly empathized. The key leverage points for
this delivery platform will be to seek to understand users’ circumstances better, clarify the nature of their
demands, require service and product performance quality and certify that proposed interventions
carefully match the contexts of targeted sani-sheds (Bill & Melinda Gates Foundation, 2006). To this
effect, some key strategic considerations for this proposed Sanitation 4.0 are highlighted in the next
sections (see Box 7.1 for summary).

BOX 7.1 SANITATION 4.0 KEY CONSIDERATIONS FOR EXISTING
SANITATION CHALLENGES

(I) Special considerations for providing ReGenSan solutions to the population at the base-of-
the-pyramid (BoP),

(II) Special considerations for integrating ReGenSan into urban regeneration
(III) Special considerations for integrating ReGenSan into rural development
(IV) Special considerations to integrate ReGenSan into provision of public sanitation services
(V) Special considerations for contextual factors and place in delivering ReGenSan solutions
(VI) Special considerations for governance and standardization
(VII) Special considerations for data collection, analysis and management
(VIII) Special considerations for skills development
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7.2 KEY STRATEGIC APPROACHES FOR SANITATION 4.0
There are eight special considerations for the strategic approaches for Sanitation 4.0, as described
below:

7.2.1 Special considerations for the population at the
base-of-the-pyramid (BoP)
The main strategy for Sanitation 4.0 involves special considerations for the four billion of the population
at the base-of-the-pyramid (BoP). Focus will be on providing creative and innovative services and
products that are appropriate and affordable and could support livelihood for the BoPs without losing
sight of quality, functionality and aesthetics for those at the top-of-the-pyramid (ToP). This is
fundamental because most BoPs (commonly found in Africa, Asia, eastern Europe, Latin America and
the Caribbean) are exposed to inadequate, unimproved, limited and at best basic sanitation infrastructure
(WHO/UNICEF, 2017a). They earn less than USD 2 a day, which adds up to an annual income of about
USD 3,000 for local purchasing power and sums up to approximately USD 5 trillion globally (i.e.
one-third of the world’s economy) (Hammond et al., 2007). The private sector recognizes this untapped
market segment, especially in the sanitation sector (Pedi et al., 2013), and so an in-depth and clear
insight into this group of consumers and their spending patterns could provide appropriate innovative
and focused market-based solutions that could attract investors and entrepreneurs (see Section 5.4.1.3).
For example, BoPs globally spend about USD 2,895 billion on food (i.e. about half of their household
budget) annually and putting sufficient food on the table is a constant struggle for many of these homes
(Hammond et al., 2007); therefore, sani-solutions that support agriculture (even at subsistence level)
could improve food supply and generate employment and extra income for BoPs as well as enhance
marketability. Sanitation technological designs that enhance the production of SDNs for limited energy
supply could reduce food and energy budgets and at the same time boost income and livelihood (see
Section 6.4.1.3).

A prime example is the domestic private sector participation in biogas development facilities in the
Peru (Prahalad & Hart, 2000) model, which relies on key alliances and interactions among public,
private and community actors (WSP, 2011). The local and global purchasing power of the BoPs
consumer market constitute one-third of the world’s economy (Hammond et al., 2007) and they are
increasingly recognized by the private sector as a major untapped market segment, especially in the
sanitation industry (Pedi & Davies, 2013). More understanding of this segment would ensure better
targeted market-based solutions for them. An understanding of the BoPs’ spending patterns could
also provide an idea of future innovative sani-solutions investment by entrepreneurs (see Section
5.4.1.3). Therefore, market-based innovative sani-solutions that support agriculture as an essential part
of the food supply chain to generate employment and income for the BoPs would greatly impact
their lives.

Therefore, leveraging sanitation technological designs that enhance production of SDNs and SDFs as
a better substitute for inorganic fertilizers for farmers and provides sanitation derived energy (SDEs) can
help reduce their food and energy budgets and at the same time boost their income generation and
livelihood (see Section 6.4.1.3). A case example is biogas facilities in the Kibera slum, Kenya, and
its rich benefits, which are economical, viable and environment-friendly (Figure 7.2). Biogas
production and usage could actually improve sanitation, provide low-cost green energy and SDFs for
agricultural purposes and also result in less contamination for water resources and increased business
entrepreneurship; all of which are vital to sustainability.
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To this effect, Sanitation 4.0 should pursue radical innovative solutions targeted at the BoPs in
partnership with the private sector (mainly those in the sanitation supply and value chains) so as to
improve services and products in sani-sheds (Prahalad & Hart, 2000), which relies on key alliances and
interactions among public, private and community actors (WSP, 2011).

The priority of this strategy is to improve sanitation and living conditions of residents in such a way that
supports business-oriented solutions to create incentives for investments in sanitation (Katukiza et al., 2012;
Yarime & Mutisya, 2011). Sanitation 4.0 demands ‘safely managed’ facilities that could substantially
contribute (directly and indirectly) to the provisions of products and services for BoPs to trade on (see
Section 6.4.1.1). The ReGenSan TeS provides a three-pronged dimensional spread of EIDT (see Section
5.4.1.1), ReDT (see Section 5.4.1.2) and NoDT (see 5.4.1.3), which could be adopted to contend with
the complex sanitation challenges of BoPs (see Section 5.4.1). These techno-sani-solutions should be
functional, serviceable, reliable, acceptable and affordable with innovative quality services and products
that are appropriate across the three major segments of BoPs (i.e. extreme poor, subsistence and low
income) as described below:

(I) The extreme poor BoPs constitute about 1 billion people residing at the lowest part of the pyramid
and are mostly found in rural areas. They lack basic services, earn about USD 1 a day and are often
exposed to open defecation in most cases. This group deserves special innovative sani-solutions
that could benefit from subsidy programmes of government as key actors with support from
NGOs/CBOs and other donors. Several countries’ field experiences (supported by
evidence-based research) found out that a well-designed, affordable and sustainable subsidy
programme undertaken by country governments could help the poor gain access to improved
sanitation (WSP, 2012). For instance, the Central Rural Sanitation Programme (CRSP) of the
Government of India (GoI) in 1986 subsidized latrine constructions at 80% for households
below poverty line (BPL) that desired to build latrines. Also, the Total Sanitation Campaign

Figure 7.2 Biogas toilet in Kibera slum, Kenya (Reprinted fromKatukiza, A.Y., Ronteltap, M., Niwagaba, C.B.,
Foppen, J.W.A., Kansiime, F. and Lens, P.N.L. (2012), Sustainable sanitation technology options for urban
slums, Biotechnology Advances, 30, 964–978, with permission from Elsevier.)
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(TSC) of 1999–2012 in India used subsidies targeting poor households with health education for
hygiene behaviour change to drive demand for latrine coverage in rural communities (O’Reilly
et al., 2017). Therefore, Sanitation 4.0 advocates for redesign of sani-solutions to align and
support the extreme poor within the BoPs (Pedi et al., 2013; Rangan et al., 2011). A critical
feature of sanitation technological solutions at this level is the integration of RRR to provide
inputs like SDFs and/or SDNs to support rural agriculture and other related community
livelihood activities.

(II) The subsistence BoPs constitute roughly 1.6 billion people who live on USD 1 to 3 a day and
typically have some income even though not steady. They, in most cases, use limited,
inadequate and/or dysfunctional sanitation facilities and often need improved sanitation, food
security, healthcare and education. Governments, private sectors, NGOs/CBOs, donors,
communities and others should join forces to provide innovative ‘safely managed’ sanitation
facilities with resource recovery elements as this could support food security and livelihood
activities for these BoPs. In addition, institutionalized financial credit schemes and
market-based approaches could also produce sanitation entrepreneurs from the BoPs (Pedi
et al., 2013; Rangan et al., 2011; WSP, 2011).

(III) The low-income BoPs, roughly 1.4 billion people, who live on USD 3 to 5 a day (Rangan
et al., 2011) may require full market-based approaches and mostly use basic sanitation
infrastructure. The key role of government will be to facilitate and regulate other players,
strongly backed by the public sector and supported by the private sector (as investors,
suppliers, contractors or consultants), NGOs/CBOs (for policy dialogue and advocacy),
academics and researchers (for innovative solutions and comprehension), donors (for financial
support and intervention) and the users/customers (for buy-in and ownership). In this case,
innovative safely managed sanitation facilities with resource recovery options that support food
security and livelihood activities of BoPs with full-cost recovery could be a sine qua non
for success.

This Sanitation 4.0 special consideration for BoPs seeks to link infrastructure upgrading programmes
with sanitation markets that will also contribute to improved policies aimed at achieving real impacts
in the poor. This will require a shift in outlook from ‘beneficiary’ to ‘consumer’ in order to harness
viable local entrepreneurs’ participation, shared investments (between public-private-community
partnerships), community resources, networks and natural systems as well as long-term return on
investment (WSP, 2011).

7.2.2 Special considerations for integrating ReGenSan into
urban regeneration
Urban sanitation facilities in most developing countries are characterized by unimproved services and
limited access to ‘safely managed’ infrastructure. These facilities are usually poorly operated and
maintained, which causes very high abandonment rates due to failure and non-standard procedures for
proper faecal sludge management, thus increasing risks to public health and environmental quality
(Cookey, 2013, Cookey et al., 2016a, b, c; CSIR, 2007; Kaminsky & Javernick, 2015; Rodgers et al.,
2007; WSP, 2007) (see Section 5.2.4). Meanwhile, urban sanitation in developed countries is challenged
with ageing sewered infrastructure dating back more than 100 years (when brick sewers were common)
and now deterioration in performance occurs as blockages and leakages lead to infiltration and
exfiltration, resulting in poor service delivery) (Ahmadi et al., 2015; Andersson et al., 2016; Ashley &
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Hopkinson, 2002; Brown & Caldwell, 1984; Corcoran et al., 2010; Diagne, 2013; El-Sheikh, 2011; Fenner
& Saward, 2004; Kemp, 2000; Miszta-Kruk, 2016; Reynolds & Barrett, 2003; Qasem et al. 2009; USEPA,
1991) (see Section 5.2.5). It is estimated that globally 1.5 billion urban sewered facilities receive inadequate
treatment and produce effluents of questionable standards (Baum et al., 2013; Mara, 2003); these deplorable
conditions impact urban sanitation management negatively, as is evident in major infrastructural
deterioration, dysfunctionalities and failures that disrupt the urban environments’ support systems (e.g.
urban food production, green space and ecosystem services and functions) (Corcoran et al., 2010) (See
Section 5.4.1.2).

Giving special considerations to sanitation and urban regeneration (UR) could complement the focus
on BoPs by ensuring complete coverage of all those residing in urban centres. In this regard, Sanitation
4.0 aims for functional and progressive approaches that support food security, urban greening, zero
waste emissions and environmental protection, while also ensuring improved services and expanded
access at ‘scale’. Primarily, this strategy will push for continuous improvement of existing fit urban
sanitation infrastructure, retrofitting of dysfunctional facilities and emerging/innovative solutions that
incorporate RRR into technologies and infrastructure into the urban contexts of specific SES.
Consequently, the platform should:

(I) Ensure infrastructural standardizations, especially with non-sewered sanitation systems in cities of
developing countries;

(II) Ensure that urban sanitation infrastructure delivers products and services, particularly in
harnessing resources from sanitation systems to support urban cities’ renewable energy, local
food supply and value chain and green landscapes;

(III) Ensure that urban sanitation solutions are designed to address cities’ population at the
base-of-the-pyramid (BoP); and

(IV) Ensure that urban sanitation infrastructure aligns with urban landscape to support biodiversity by
mimicking nature’s modes, processes and ecosystem and adapting them to solve sanitation
challenges.

Providing sanitation services for the fast-growing (about 4 billion) urban population (i.e. 54% of the global
population) is one of the world’s most urgent challenges (Andersson et al., 2016). An estimated 756 million
urban dwellers lack access to ‘safely managed’ sanitation facilities (Figure 7.3) (Galli et al., 2014;
UNICEF/WHO, 2015; van Welie & Romijn, 2018), probably because UR debates often centred on the
astonishingly dynamic infrastructural and technical complexities.

The fact that there are also people in this mix who engage in more toilet and hygiene-related
activities than any other known human-biophysical activities in their lifetime is downplayed. And yet
this also impacts urban life and society even as the core sanitation requirements for the sustainability of
urban cities are not treated (Anastasiadis & Metaxas, 2013, Czischke et al., 2015; Jewitt, 2011;
Lehmann, 2010a; Parkinson et al., 2009). Most of the time people will avoid the subject of faeces and
urine and tuck them away under less unsavoury concepts such as wastewater and solid waste
management while the real concerns overrun our metropolitan areas, which then hinders the SDGs
targets for inclusive, safe and resilient cities hinged on a resource-based paradigm (RBP) (Bai et al.,
2016; Schmitt et al., 2017; UNDP, 2016).

Sanitation 4.0 draws from the RBP and considers sanitation processes as a production factory that could
provide high-quality bioenergy resources, safe fertilizers, soil conditioners, construction and pharmaceutical
materials that will enhance ecosystem sustainability through urban greenery (horticulture), tree planting,
nature preservation, increased biodiversity, climate change mitigation, water recycling for urban
agriculture (crop and animal), aquaculture and so on (Esrey, 2001; Winker et al., 2009; Zaręba et al.,
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2016). The intent is to contribute to the overarching objectives of UR (Beatley, 2010, 2012a, b, 2005;
Lehmann, 2010a; Piana, 2010), mainly by:

(I) Building livable cities, land use and urban reforms, innovative housing strategies, sustainable
transportation, urban ecology and greenery, recycling and upcycling, energy conservation and
renewable energy, sustainable building practices and sustainable economy/governance (Beatley,
2005, 2012a/b, 2015) that could benefit immensely from a synergy with Sanitation 4.0.; and

(II) Building livable cities around a circular economy that pursues reduced waste, resource recycling,
natural systems adaptation, biophilic designs and plans, alternative energy and emission controls
(Andersson et al., 2016; Beatley, 2005, 2010, 2012a, b, 2015; Beatley & Newman, 2013, EMF,
2017, 2015; Fullerton, 2015; Kvarnström et al., 2011; Lehmann, 2010a, b, c; Potter et al., 2011
will require cost-effective ways to recover, transform and reuse sanitation resources. Any
disregard (deliberately or not) of core sanitation elements in urban planning and design could
end up with sewer blockages and leakages, blackwater and sludge overflow into surface and
ground water, foul odours and the ugly sight of exposed excreta, health costs and mortality and
the loss of revenue from SDPs.

UR could also benefit from incorporating Sanitation 4.0 into its programming in order to increase access to
safely managed sanitation in the world’s cities (to protect public health and environmental quality, reduce
attendant costs, etc), improve sanitation service delivery (e.g. emptying, collection, storage, transportation,
treatment/disposal), upgrade designs and development of sanitation devices and facilities (i.e. fabrication,
construction, installation and connections of toilets, sewers, septic tanks, washing, hygiene devices etc),

Figure 7.3 Global trend urban sanitation services level 2000–2015 (generated from onlineWASH database –
WHO/UNICEF JMP, 2017b).
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provide organic resources (for horticulture, urban greenery/landscapes, food – both crop and animal –
production, building materials and energy, pharmaceuticals etc.), support and protect natural systems
(ground and surface water, air and soil), ensure sustainable governance and economy through
instruments that engender the reuse of sanitation products, and strengthen a sanitation economy within
the city.

ReGenSan should be given an independent and active status within UR programming as urban
sanitation cannot be properly and adequately managed under urban water management and merely
recycling greywater for urban greenery will not deliver the targets of SDG 6 by 2030. It, therefore,
behooves urban planners and built environment professionals to work with sanitation professionals so as
to embed core sanitation expectations into urban blueprints toward inspiring effective and practical
solutions that do not negate UR objectives. Sanitation 4.0 presents a systematic platform to tackle urban
sanitation challenges from holistic and integrated multi and transdisciplinary perspectives. This synergy
could drive innovations, through system thinking and research for management, planning, technology
and governance in UR and sanitation, that support ecosystem sustainability. It could also provide
solutions for sanitation management in urban renewal projects, supply resources for greenery projects,
support livelihood and upgrade projects and strengthen regenerative agriculture/aquaculture to enhance
and sustain food production and security. This special consideration could deliver the following and
more to UR:

(I) Improve service and access expansion to ‘safely managed’ infrastructure that will deliver
functional and performance currently inherent in ‘improved’ urban sanitation infrastructures
(sewered and non-sewered);

(II) Retrofit and upgrade unimproved, failed, dysfunctional and abandoned non-sewered sanitation
infrastructure in developing countries and rehabilitate poorly performing ageing sewered
systems in developed countries;

(III) Redesign existing urban sanitation infrastructure to be more regenerative by adopting
technologies and processes that are systemic and contextual, which could integrate
eco-efficiency with ecological-based approaches, recover and reuse value-added resources and
mimic natural systems to deliver improved functional and safely managed systems within
urban sani-sheds; and

(IV) Support local physical and socio-economic, cultural, spatial and decision-making structures of
the ‘place’ to support the adoption of appropriate and best applicable technological solutions
because the dissonance between users, service providers, institutions, ecosystems and
infrastructure could hinder progress in urban sanitation pursuits (Marshall & Farahbakhsh, 2013).

7.2.3 Special considerations for integrating REGENSAN into
rural development
Sanitation 4.0 will work towards integrating ReGenSan into rural development (RD) as a synergistic
strategy to improve the livelihood of rural populations through innovative sanitation initiatives while at
the same time providing much-needed coverage for expansion and service improvement to the rural
poor. RD has not given much attention to sanitation in the past, but has mostly focused on (Ashley &
Carney, 1999; Ellis & Biggs, 2001; Stockbridge & Dorward, 2018):

(I) Agriculture and natural resources – crops, livestock, fishing, forestry;
(II) Non-farm sector-services to agriculture (including input supply, marketing, transport, finances,

agricultural processing), rural manufacturing, mining and other rural services;
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(III) Rural infrastructure – roads, transport, energy, water;
(IV) Education; and
(V) Health

The critical contributions of sanitation to rural residents and areas are often overlooked in the intervention
agenda (e.g. providing expanded access and improved service as well as the socioeconomic and ecological
benefits). This could be related to the fact that most RD experts often assume that considerations of water
issues already cover sanitation, but often water does overshadow sanitation needs. Perhaps this is one
explanation for the increased progress in rural water supply compared to the very slow rate of rural
sanitation. Rural water supply has made evident improvement since the MDGs; however, rural sanitation
has remained a huge and unabating challenge, and the absolute poor in low-income countries are mostly
off track of the sanitation targets (SDGs 6) (WHO/UNICEF, 2017a). Statistics (Figure 7.4) confirm that
about 50% of people living in rural areas lack access to improved sanitation facilities, compared to 18%
of urban residents (SDKP, 2017).

To this effect, it becomes expedient that RD approaches consider a significant upscale (that could be
simultaneously applied across contexts) for community mobilization that encourages rural agriculture
(RA) and related households (and entire communities) to consider the resource potentials of urine and
excreta for agriculture (crop and animal) and aquaculture (Lenton et al., 2005) as well as other livelihood
opportunities. In addition, rural sanitation and hygiene behaviour change approaches (e.g.
community-led total sanitation [CLTS], school-led total sanitation [SLTS] etc.) that advocate for

Figure 7.4 Global trend in rural sanitation services level 2000–2015 (generated from online WASH
database – WHO/UNICEF JMP, 2017c).
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negative images of communities that still practise open defecation need to balance their messages with more
positive narratives. They should focus more on the need for proper and adequate containment as well as
management through the SSC and IFSVC in a bid to show the reuse potential of sanitation resources and
the accruing benefits to RA and other ventures, which could also serve as positive incentives for
communal change. In essence, integrating ReGenSan into the broader agenda of RA and RD could
provide greater contributions to rural regeneration due to its socioeconomic gains through market-based
and financial mechanisms, especially when the supply and value chains for sanitation products and
services are strengthened. Then, rural sanitation systems could be designed to provide ways to recover
and utilize transformed SDFs and/or SDNs and even SDEs to support RA activities, energy supply and
rural economies. This special consideration also complements the one for the BoPs as it gives attention
to the 1 billion population at the lowest level who are probably exposed to open defecation.

A synergy between Sanitation 4.0 and RD could result in the adoption of proven approaches that
contribute to the overall goals of sustainable rural livelihoods improvement (Jacob, 2018; WELL, 1998) by:

(I) Adopting a target-oriented approach such as providing integrated solutions to the rural poor,
especially small-scale farmers, as principal clients and beneficiaries, and those who live in
remote and disadvantaged geographic regions by designing sanitation to provide the needed
nutrient inputs to agriculture;

(II) Adopting people-centred and/or community-centred approaches that will focus on establishing
systems that facilitate community participation to encourage effective sani-solutions within
sani-sheds of rural communities;

(III) Adopting multisectoral infrastructure development by incorporating sanitation technological
infrastructure improvement within key societal sectors (e.g. health, education, water and
economic sectors). This would lead to improvement of the communities’ overall quality of life;

(IV) Adopting decentralized decision-making approaches that support bottom-up models of planning
and programme implementation with greater emphasis on local resource allocations and
utilization;

(V) Adopting intersectoral collaborations to enhance social-cultural, economic, environment and
political development and ensure better interactions between participating actors and
stakeholders.

Sanitation 4.0 emphasizes the nexus approach to sustainable RD, which seeks to create synergistic linkages
between development factors such as energy, agriculture, aquaculture, food security, livelihood supports
and sanitation (SDKP, 2017). Therefore, integrating sanitation into RD remains an important approach in
increasing access and service for the rural poor because of its focus on rural and remote areas of a country
(province, state, territory, district or other geographic locations) (Jacob, 2018; UNDP, 2006, 2014). It also
supports the process of socio-economic change in rural areas based on mobilization of local, natural and
human resources (Cohen, 1980; Fasbender, 1982; Jacob, 2018; Leupolt, 1977) by linking the output of
sanitation to products like SDFs, SDNs and SDEs to aid agricultural production and other livelihood
activities, which could in turn improve the overall quality of rural life (Campbell et al., 2015;
Langergrabera &Muellegger, 2005; Larsen et al., 2009; Murray & Buckley, 2009, Park & Chertow, 2014).

7.2.4 Special considerations to integrate REGENSAN into provision of
public sanitation services
Sanitation 4.0 seeks to integrate ReGenSan into the provision of public sanitation services (PSS), especially
in densely peopled places such as public toilets, government buildings, markets, shopping malls, airports,
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bus/train stations and transport facilities, schools, cinemas/theatres, stadia, event centres, hotels and
tourism facilities, parks, playgrounds, recreation or community centres, hospitals and healthcare
facilities, prisons and correctional facilities etc. However, most PSS have remained inadequate,
particularly in developing countries with low sanitation access and services (Anthony & Dufresne, 2007;
Greed, 1996). In many situations, these facilities pose a lot of health and safety problems, particularly for
women, children, the elderly and the disabled. PSS limitations significantly restrict people’s mobility and
their ability to take part in communal and public life, especially the elderly and disabled (Afacan &
Gurel, 2015).

Therefore, improved public sanitation infrastructure is seen as a core component of urban, small-town
and rural environmental designs that add to the quality and viability of these environments (Afacan &
Gurel, 2015; Greed, 2004). The Sanitation 4.0 platform will seek to ensure healthy participation in
communities’ social activities, increase student attendance rates in schools, reduce opportunistic open
defecation and provide opportunities for PSS facilities to serve as demonstration points for adopting
ReGenSan concept into the wider society as well as achieve sustainable, healthy and inclusive living
environments (Bichard et al., 2004). The convenient location, maintenance and management of these
infrastructures could promote the use of public space, public institutions and transport and generally
contribute to active living and positive public health outcomes (Government of South Australia, 2018).
In addition, the harvesting of resources from such facilities could attract big investors due to the volume
potential. Other specific benefits to society include:

(I) Contributing to making living areas and communities, as well as open spaces, parks, playgrounds,
recreation or community centres, markets, shopping malls, airports, bus/train stations and
transport facilities among others more accessible, inclusive and convenient for all members of
the society (Afacan & Gurel, 2015; Greed, 2004);

(II) Ensuring that healthcare facilities provide people-centred extra services that are one of the key
elements of quality within the context of the rapidly evolving landscape of universal health
coverage that ensures the safety of patients and workers (UHC) (WHO, 2018); and

(III) Ensuring that schools are good learning environments that could influence school attendance,
especially for girls, and consequently affect educational outcomes (Dreibelbis et al., 2013;
Freeman et al., 2012; Garn et al., 2013; Morgan et al., 2017).

The ReGenSan application platform will encourage the adoption of the ‘streets-for-life’ principles, which is
a concept for achieving inclusive design goals at neighbourhood scale and enabling the outdoor environment
to be as friendly as possible to provide PSS (Burton &Mitchell, 2006). These principles include: convenient
location; legibility in use with minimum confusion and disorientation; ease and comfort in access, use and
operations; comfortable path of travel with environmental features; safety in use; hygiene in use. And they
ensure that the facilities incorporate the SSC with special focus on resource utilization (Afacan & Gurel,
2015; Burton & Mitchell, 2006). On this ground, PSS infrastructure should be designed to integrate
resource recovery, harvesting/transformation facilities and, perhaps, reuse within scale to support
landscaping, greening, vegetable/flower gardens, groundwater recharge, biogas production etc. PSS
facilities should also be designed with special consideration given to women, children, disabled people
and the elderly. It is essential that these facilities are available for everyone because it could remove
currently grievous barriers to wider participation in public and social life of communities (Afacan &
Gurel, 2015; Knight & Bichard, 2011). The provision of public sanitation facilities affects how people
use land, participate in social life and attend schools. Many people, such as those who are elderly and
disabled, seldon travel and/or go outside and avoid long journeys due to the lack of and/or inaccessible
designs of public sanitation infrastructure (Greed, 1996). Therefore, Sanitation 4.0 advocates for special
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attention to PSS in urban, rural, HtRA, highways and other key locations through public, private and
community partnerships.

7.2.5 Special considerations for contextual factors and place in the delivery
of ReGenSan solutions
As different people and locations have challenges that are exacerbated by their unique peculiarities,
Sanitation 4.0 advocates that special considerations be given to context and place in the
conceptualization and design of sani-solutions. Previously, interventions paid little attention to core
contextual and place issues, as most programmes are built on the assumptions of research and
technological experts without any concrete consideration for such issues as: culture, traditions, soil type,
density, users, preference, ecological and geographical characteristics etc. Often failure of sanitation
systems could be traced to contextual (e.g. rusted sewer lines due to saltwater intrusion) and place (e.g.
users preferring toilets some distance from living area) features of specific areas that set them apart.
These identity-features go beyond sociocultural and socio-economic factors to include the geographical,
geological, ecological and ecosystem structures that affect coverage and access to sanitation services.
They represent the observable characteristics of the PSC that influence the shape, design, maintenance
and durable and functional quality of sanitation provisions (Novotný et al., 2018). This could be
exemplified in coastal and waterfront communities where geographical and environmental conditions
limit options for workable sani-solutions and even affect functionality and durability of sanitation
facilities, which makes it difficult to provide individual sanitation systems, especially in communities
built above inundated land or above surface water (Navarro, 1994). These communities may be within
or by sea coasts, estuaries, mangrove swamps, lake shores, riverbeds and, in most cases, extend right
above the surface waters. They may also be built on low-lying areas such as swampy sites, wetlands,
marshland and other flood-prone areas that are often vulnerable to such natural calamities as flooding,
bank erosion and siltation (Ahmed & Hassan, 2012; Navarro, 1994); and most of the inhabitants could
be at the BoP.

Studies have shown that contextual and place factors, as they relate to the natural environment, greatly
influence the type, quality and functionality of sanitation infrastructure (Ahmed & Hassan, 2012; Dias,
2015; Kellert et al., 2008; Mang & Reed, 2012a, b; Navarro, 1994; van Vliet et al., 2011). This has been
succinctly captured in the ‘hard-to-reach areas’ (HtRAs) concept that identifies certain areas with poor
sanitation coverage based on adverse geological, geographical, ecological and environmental conditions
and/or frequent occurrence of natural disasters that could hinder adequate sanitation services, especially
coastal, wetlands, mountains, arid and low-lying lands communities, among others (Ahmed & Hassan,
2012). HtRAs, like most coastal communities globally, are daily confronted with hard choices as they
grapple with inadequate and inappropriate sanitation services and almost no basic social amenities,
largely due to the contexts of their geographical locations. The end result is usually indiscriminate
disposal of human waste and pollution of water sources and, subsequently, episodes of faecal-oral
infection transmission.

This aptly describes the daily experiences of most communities in Nigeria’s Niger Delta, located on sea
coasts, estuaries and mangrove swamps, where improved sanitation facilities are mostly absent. The
overhung latrine (called Jetty latrine/toilets) is the major available sanitation infrastructure and these
superstructures are built over the rivers, marine and swamps environment of these coastal communities.
The greatest hazard with these latrines is direct defecation into the water body (in fact even privately
collected faecal matter ends up directly in the environment), which then pollutes the already threatened
surface water resources (Cookey et al., 2008). Other HtRAs are arid and semi-arid lands (ASAL), where
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the fragile nature of the environment requires particular considerations in designing appropriate
sani-solutions and hygiene promotion because most ASAL households do not have access to safely
managed sanitation (WELL, 1998).

For Sanitation 4.0 to develop approaches for HtRAs, they will need to be classified based on their
countries and contextual peculiarities rather than generic descriptions. In some countries, such as
Bangladesh, remote geographical locations and populations residing out of the range of development
activities will be the focus and most of these people are BoPs at the second and third levels. In
this regard, based on six indicators (groundwater table, drinking water coverage, sanitation coverage,
hotspots, poverty and child mortality) about 1,114 unions (the lowest administrative tier representing 10
to 15 villages with around 5,000 households) were considered HtRAs in Bangladesh in 2012 (Ahmed &
Hassan, 2012). In India, remote areas with absolute distance, inaccessibility, poor roads and infrequent
transportation (disconnecting them from urban centres), erratic electricity and poor healthcare and
education services were used to identify HtRAs (Cook, 2013; Jakimow, 2012; Mitra et al., 2008,
O’Reilly et al., 2017). The ReGenSan platform will draw from these examples to develop specific
criteria for determining HtRAs and their peculiar characteristics in order to design and deliver
appropirate sanitation infrastructure for them regardless of their rural and/or undeveloped status.

This special consideration is based on the ReGenSan principle of PaS (see Section 2.4.7) that runs
through the three subsystems (SES, TeS and ReS), their dimensions and components, which specifically
provide sani-solutions within sani-sheds (Section 4.2.1). It requires that sani-solutions be tailored to the
unique characteristics of locations and their contexts by comprehending a wide range of social, cultural,
institutional, geographical, geological, scientific, engineering, ecological and economic factors so as to
determine solutions and opportunities that are indigenous to specific sani-sheds (see Sections 2.4.7,
4.2.1.1). This will ensure appropriate technology and adequate infrastructure that will match the capacity
of the locality and capabilities of the people. Therefore, in-depth and detailed studies of these issues (that
give clear understanding) are essential to determine what particular combination of infrastructure,
technology and management will work in specific contexts and place before any interventions are
proffered. It will be critical to understand these complex systems of sanitation intervention as they may
be simple in eventual design, but they are sensitive to contextual conditions and dynamic interactions
between the psycho-social cultural-ecological modes as well as the bio-geo-chemical, geographical and
other parameters of natural, political and economic environments that operate at different scales in
specific sani-sheds (Novotný et al., 2018; Shiell et al., 2008).

7.2.6 Special considerations for sanitation governance
Fit-for-purpose governance is fundamental to successful and long-term sanitation infrastructure
provisions, but governance is often corralled by overlapping and complex processes and relationship
(Mitchell & Ross, 2016; Ostrom, 2005; Ross et al., 2014) (see Section 2.4.3). Sanitation coverage
and service quality is hindered by political neglect, poor funding, inadequate standards, sectoral and
ministerial fragmentation; which further increases the complexities in governance and the risks of
administrative and institutional overlaps and gaps (UNDP-SIWI Water Governance Facility, 2016).
This is compounded by complications from managing the SSC, RRR and other psycho-social issues
related to sanitation (unlike in the use of virgin materials such as groundwater for agricultural or
water needs), even more so when perceptions of public versus private interests are involved (Mitchell
& Ross, 2016; Ross et al., 2014). Sanitation is generally perceived as a household responsibility and
not a public concern even by those in the sector (mainly non-sewered systems) and so there is
almost no oversight and harmonization of all stakeholders involved in the sector (Galli et al., 2014;
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Welle et al., 2008). This could restrict monitoring and regulatory programmes as they are dependent on
available governance instruments (i.e. policies and legislations).

The government of Indonesia attempted to combat this hindrance by introducing the ‘local scale
wastewater services’ (LoSWaS) (i.e. sani-sheds) clause as a key element of its commitment to provide
100% sanitation services access to its citizens (Mitchell & Ross, 2016). This LoSWaS requires that local
scale infrastructure be used to collect and treat wastewater from 50–200 households locally and/or close
to the point of production, using broad and varied combinations of SMEs from local government
systems, community-based organizations and/or local businesses (Eales et al., 2013; Mitchell et al.,
2015; Mitchell & Ross, 2016). This innovative approach will still need to be properly embedded in the
country’s governance structure in synergy with other established mechanisms. Therefore, this special
consideration will work to ensure that sanitation receives its due place in national and local governance
systems and budgets in an equal and prioritized manner.

Nevertheless, for long-term operations, sanitation systems in sani-sheds need effective governance and
stanadardization (Ross et al., 2014) and this entails ongoing dialogue between all stakeholders to clarify
expectations, problems and urgencies and then develop common and shared understanding, perspectives
and values into established written criteria (such as policies, legislations, regulations, standards etc.); and
how to ensure that these criteria are met (Ekane et al., 2013). This is sanitation governance (SaG)
and ReGenSan refers to it as the responsibility and obligations of governments to provide safely
managed and standard sanitation (which includes capturing viable resources that could be used in other
sectors and for livelihood support) for all its citizens, particularly the BoPs, without endangering human
health and environment, and implementing it through functional institutions, efficient and recognized
management entities and sustainable financing mechanisms that guarantee continuous improvement, skill
development usage and ownership in the sani-sheds.

Policies are paramount to creating the right background for planning and supporting actions and
decisions towards closing the access and service gaps in sanitation and meeting the SDG 6 (Ekane
et al., 2016; Ostrom, 2005), but several countries still have policies (where they exist) that are fraught
with gaps and fragmentation. The Water and Engineering Development Centre (WEDC) of
Loughborough University, UK, in 2005 conducted an assessment study of nine countries (Bangladesh,
Cambodia, Ghana, Indonesia, Mozambique, Nepal, Nigeria, South Africa and Uganda) and found that
(WEDC, 2005):

(I) None of these countries specified quantified targets or identified resources for sanitation in their
budgets;

(II) The countries’ contextual issues and situations were not adequately captured in some policies,
nor were specific needs of target groups (e.g. rural and urban poor) with desperate conditions
much met;

(III) Minimum levels of service were not specified in all the policies, and most policies
allowed for subsidy of capital costs (only some policies included the costs of meeting
sanitation needs);

(IV) There was no specific responsible ministry for policy formulation and even though most policies
identified lead agencies that will coordinate policy implementation, only South Africa outlined
clear roles and responsibilities for line ministries;

(V) Health and environmental considerations were key elements in all policies, but the magnitude of
sanitation-related environmental problems was not specified; and

(VI) Most policies stressed the need for both technical and social aspects of sanitation provisions,
although some emphasized the latter (WEDC, 2005).
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Current trends indicate that not much has changed since 2005; meanwhile these gaps constitute expansive
SaG and standardization challenges across the globe (primarily, developing countries) such as:

(I) No policy and adequate institutional frameworks (Ekane et al., 2016; Elledge et al., 2002);
(II) Poor implementation of policy, where it exists (Ekane et al., 2016; Seppälä, 2002);
(III) Fragmentation and gaps in policy and institutional frameworks (Ekane et al., 2016; Morella

et al., 2008);
(IV) Poor prioritization of sanitation and hygiene (Ekane et al., 2014/2016; ECA, 2012);
(V) Implementation failures characterized by overemphasis on numbers of toilets rather than

functionality, serviceability and reliability (Ekane et al., 2016; Kvarnström et al., 2011);
(VI) Poor coordination of actors and activities (ECA, 2012; Ekane et al., 2014/2016; UN-Water,

2012);
(VII) Overreliance on technological solutions with less emphasis on other subsystems and

components of sanitation such as psycho-social-cultural-ecological and resource systems
(Curtis et al., 2011; Ekane et al., 2016; Morella et al., 2008); and

(VIII) Inadequate financial and technical capacities to drive meaningful change (Ekane et al.,
2014/2016).

(IX) Inadequate standards that support technological innovations, scalability and replicability
(NOWRA, 2007; Starkl et al., 2015).

As Plummer and Slaymaker (2007) have argued, governance issues are responsible for the poor progress
in sanitation services of most countries and so this special consideration of the Sanitation 4.0 application
platform is critical to the promotion of good governance as a prerequisite for successful access and
services delivery for everyone (Mjoli, 2015). It seeks to improve, strengthen and standardize
infrastructure and management solutions through governance instruments at different levels of
government (i.e. constitutions, laws and by-laws, policies, regulations, standards, norms etc) that
determine technology and service delivery options and criteria as well as expanding and clarifying the
occupational structure in the sanitation sector (Mitchell & Ross, 2016; WSP, 2003). It could be
described as the rules, roles and relations that make sanitation systems work (or not) and at what cost,
for whom (rural, urban, BoPs, ToPs, women, children, elderly, disabled etc) and how they differ based
on context and place. This platform will pursue appropriate governance structures that guarantee
sustainability, functionality and reliability of selected technologies and systems’ parts in given
sani-sheds (UNDP-SIWI Water Governance Facility, 2016). It will aim to work with governments to
support and ensure key functions of facilitation, investment support, regulations, standards and
partnership-building to enhance institutional, organizational and infrastructural capacities toward
functional, serviceable, durable and reliable services and products (Bill & Melinda Gates Foundation,
2006).

The platform advocates for a SaG characterized by the principles of equity, efficiency, participation,
decentralization, integration, transparency and accountability (Pahl-Wostl et al., 2011; WaterAid, 2011),
that includes critical components of good sanitation policies such as: defining institutional roles
and responsibilities, legal frameworks, targeting population and resources, levels of service, technology-
options (EIDT, ReDT and NoDT), RRR, place, context and SMEs structures, standardization, health
considerations, environmental and financial considerations, etc. (Elledge et al., 2002; Ekane et al., 2016;
Evans, 2003; Mitchell & Ross, 2016). Subsequently, SaG should be able to deliver day-to-day
operational responsibilities and support institutional arrangements that will ensure functionality and
continuous improvement of existing improved sanitation facilities as well as monitor and record the
technical status of SMEs; ensure retrofitting of dysfunctional and failed systems; and rehabilitate and
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repair aged and damaged infrastructure. Governance instruments should also give opportunities for the
development of new and innovative technologies, especially for new development areas (Mitchell &
Ross, 2016).

7.2.7 Special considerations for data collection,
analysis and management
Sanitation 4.0 recognizes the central role of adequate and reliable data Brewerton andMillward (2001) in the
implementation path towards 2030 and beyond. Data, indeed, is the lifeblood of design and decision-making
for evidence-based sani-solutions and underpins governance elements of accountability and transparency.
Special considerations (7.2.1–7.2.6 and 7.2.8) will be highly dependent on the quality, diversity and
volume of data available for different levels and activities of sanitation management in order to monitor
progress and be able to hold service providers and development partners accountable (Andres et al.,
2018). A strategy to improve data management in the sanitation sector is crucial because many countries
still lack the financial, institutional and human resources necessary to acquire and analyze data for
improved service delivery and governance (in spite of the current emphasis on data usage in the sector).
Reliable, consistent and disaggregated data are significant in stimulating political commitment, inform
policymakers and decision-makers, and trigger well-placed investments (Andres et al., 2018; Bartram
et al., 2014; Lenton et al., 2005). But evidence indicates that the sanitation sector still lacks data on a
diverse range of topics that form the underlying reality of coverage (e.g. qualitative aspects, equitability of
access, etc.) and the real costs of interventions and their benefits (Bartram et al., 2014; Lenton et al., 2005).

There are also no systematic methods for analyzing contexts and determining in advance technologies
and approaches fit for PaS in the sani-sheds (Bill & Melinda Gates Foundation, 2006; Levy & Ellis,
2006), and, although the compliance of key sanitation technologies (such as latrines) has often been
measured successfully using surveys and field observations, there are still substantial limitations (Andres
et al., 2018; Wood et al., 2008). The most up-to-date and widely used data on sanitation are the WHO
and UNICEF Joint Monitoring Programme (JMP) and the Global Assessment and Analysis of Sanitation
and Water (GLAAS) implemented by WHO and Sanitation and Water for ALL (SWA) under the aegis
of UN-Water. While the JMP, used to monitor the progress of the UN system’s global targets, informs
national and global policymakers on sectoral status, GLAAS, on the other hand, also analyzes progress
and obstacles in the sector (Bartram et al., 2014; Lenton et al., 2005). Nonetheless, the JMP and GLAAS
are still limited and biased in the face of current applications and potential future monitoring needs such as:

(I) Large discrepancies in facility classifications, definitions and services across countries
complicate monitoring and introduce errors through gaps or biases in sample frames of
nationally representative surveys and the census from which they are derived, particularly
in countries where certain populations – such as those living in marginal or informal
settlements – are excluded from or under-represented in censuses (Bartram et al., 2014);

(II) Errors introduced by limitations of survey instruments (Mortel, 2008);
(III) Lower precision (but not lower accuracy) intrinsic in the survey approach and errors introduced

by rules concerning extrapolation (Wolf et al., 2013);
(IV) Bias introduced through calculation and application of a single rate of shared sanitation use for

each country across all time periods instead of periodically updating these figures to reflect
changes (Bartram et al., 2014);

(V) Bias introduced by reliance on household-level data for calculating rural/urban coverage rates;
analysis is further complicated because there is no common definition of rural and urban, and the
difficulty in capturing intra-urban disparities in most cases (Christenson et al., 2014);
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(VI) Implicit generalizations in facility classifications lead to some households being categorized as
unserved despite receiving adequate services (Heijnen et al., 2014);

(VII) Implicit assumptions that members of the same household use a single sanitation infrastructure,
especially when both adults and children may use different sanitation facilities when at home and
when away from the home (especially at work and school); and the varied concepts of
households across cultures (Nnaji et al., 2013).

These could lead to serious gaps in the accuracy of the data gained from these monitoring records; so
some studies have suggested the use of several geospatial methods to capture big data that could prove
useful in providing more detailed information about sanitation globally while also assisting
decision-making at all levels (Bill & Melinda Gates Foundation, 2006). Big datasets are so complex that
traditional data-processing applications, software and approaches can hardly handle them (AGUASAN,
2018; Kohavi et al., 2002; Park, 2017; Sumser, 2017; Wikipedia, 2018). The use of information and
communication technology (ICT), like mobile phones, has been proposed as a tool that could strengthen
surveys and field observations in data collection and real-time reporting. A proof of concept was piloted
to test the viability and efficacy of mobile technology for monitoring rural sanitation in two blocks (i.e.
sub-districts) of the Rajgir block in the Nalanda district of Bihar, India. About 23,000 households were
covered for about three months and smartphones were shown to be able to provide quick and credible
information outcomes in near-real time, as well as incorporating features such as geo-tagging and
photographs to support credibility and relevance and present user-friendly data maps that enable a quick
grasp of the immediate status. This could be used to address the gaps in monitoring the usage of
sanitation facilities at large-scale and periodic intervals (Kumar & Singh, 2012 – Figure 7.5).

Figure 7.5 Technical architecture of mobile-to-web monitoring pilot of Rajgir block in Nalanda district of Bihar,
India (Source: Kumar & Singh, 2012).
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To this effect, innovative and integrated applications of digital and ICT data acquisition and analysis
approaches (e.g. AM/FM radio stations, mobile phones, radio frequency identification technology
(RFID), global positioning systems (GPS), remote sensing monitoring via satellite assets and distributed
in situ sensors, geographic information systems (GIS), passive latrine use monitor (PLUM),
closed-circuit television (CCTV), sewer inspection survey devices and other web-based applications
among others) are potentially powerful tools (AGUASAN, 2018, Andres et al., 2018; Delea et al., 2017;
Ndaw, 2015 – Box 7.2/Figure 7.6).

BOX 7.2 RURAL SANITATION MOBILE PHONE TEXT-MONITORING SHORT MESSAGE
SERVICE, EAST JAVA, INDONESIA (NDAW, 2015)

A pilot study to monitor rural sanitation in two districts of East Java, Indonesia, was carried out by the
Ministry of Health and supported by the World Bank’s Water and Sanitation Program (WSP) using a
mobile phone text-monitoring short message service (SMS) system. Information from the
community’s progress towards becoming open-defecation-free (ODF) and changes in households’
access to improved sanitation was collected and sent via SMS and then stored in a district-level
database. Based on the success of the pilot, in 2012 the mobile monitoring system was rolled out to
all 119 districts and cities in five of the country’s provinces, covering approximately 36 million
households and 123 million individuals (Ndaw, 2015).

Figure 7.6 Summary of rural sanitation monitoring progress using mobile phone text-monitoring short
message service for the Province of Central Java by type of Access (WSP 2014).

BOX 7.3 RURAL SANITATION MOBILE MONITORING SYSTEM – INDONESIA
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These approaches and tools could leverage the utilization of actionable information that enables the
development of NoDT (see Sections 3.3.2.3, 5.4.1.3), supports EIDT (see Sections 3.3.2.1, 5.3.1.1) and
operationalizes ReDT (Sections 3.3.2.2, 5.4.1.2) in sani-sheds as well as assisting in data capturing,
monitoring and management to:

(I) Strengthen monitoring and inventorying levels of infrastructure; create baseline information for
benchmarking; identify areas where interventions/resources are required; and ensure sound
management and decision-support systems;

(II) Improve and sustain planning and programming initiatives to achieve operational and service
delivery efficiencies;

(III) Allow for more efficient data transfer and exchange of sanitation-related information between
various sanitation infrastructure owners and operators that could strengthen consumer voice,
and enhance partnership and governance in sani-sheds.

Sanitation 4.0 encourages special considerations for CiM of existing facilities and retrofitting of
dysfunctional and aged infrastructure, which also supports innovative solutions in the sector. For
example, big data could assist user behaviour analytics so as to deal with the discovery, interpretation
and communication of meaningful patterns in captured data through statistics, computer programming
and operations research. This will help to determine, predict and improve performance in regenerating
sanitation technology and natural environments for better asset management (Kohavi et al., 2002; Park,
2017; Sumser, 2017). It could also help to detect facility defects and failures early and accurately, which
could in turn assist public health/environmental protection and assure infrastructure quality and
reliability benefits for significant competitive value.

7.2.8 Special considerations for skills development
Special considerations are a critical strategy for growing and unlocking the employment/entrepreneurial
investment potential of the sanitation economy and also exploring the systemic interactions and cultural
assimilations necessary for acceptable, affordable and sustained sanitation services and product delivery
(McGrath & Powell, 2016; Quendler et al., 2013). The sector is often manned by unskilled/semi-skilled
workers and external professionals from other fields whose major focus is not sanitation. This has affected
the progress of sanitation management research and governance. Sanitation workers and professionals
need to be equipped with specific appropriate knowledge and skills (KaS) so as to strengthen the sector to
effectively deliver on the SDG 6 targets. They need to comprehend the core values of sanitation and
commit to these principles and then acquire the precise competences, skills, knowledge and capacities
necessary for quality sanitation service delivery and product handling according to the contexts and place
of sani-sheds (Grün et al., 2009). It is imperative to build a stream of adequately and appropriately trained
human resources, from high-level experts to mid-/basic-level operators as well as governments,
communities and other key and ancillary stakeholders. However, education and training for sanitation
technicians and professionals and basic workers have not been easy, and it will need significant and
innovative restructuring to keep pace with the demands of the sector (Heidebrecht & Mar, 2012).

Sanitation 4.0 demands deliberate and extensive efforts towards a comprehensive and systemic skills
development blueprint for the sanitation sector that sufficiently captures formal and informal workers,
contextual and place factors as well as the transdisciplinary structure of the sector’s requirements so that an
empowered and equipped workforce can emerge with indispensable capabilities for the challenges of sani-
sheds (UNDP, 2009a, b). Notably, education and training programme designs will have to take account of
the nuances of difference between rural and urban sanitation, contextual and location structures, existing
skill gaps and occupational classifications and then determine the type of KaS relevant for the sector.
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There is no holistic perspective or clear definition for skills in the sanitation sector (Nath et al., 2017) and
the skill acquisition process is considerably flawed by a lack of generic and sectoral competencies, unclear
and inadequate training goals and targets, poor course contents, irregular course durations and improper
standards and techniques. Skills acquired in one context can be difficult to apply in other contexts
(and sometimes within the same sector), while several training courses are mostly inappropriate in terms
of present and future sectoral needs (WRC, 2002). This could be traced to the fact that training
institutions are ill-equipped, provide limited hands-on training, use outdated curricula, deliver
inappropriate trainings that do not match local needs and are hardly ever standardized (Cavill et al.,
2011; IWA, 2014a, b, 2015; Crocker et al., 2016; Nath et al., 2017).

Furthermore, the updates to related knowledge and technology (from progressive and innovative
research outputs) have generated new processes, approaches and procedures (for example, computer
applications and the corresponding hard/software, databases, analyses and simulations as well as GPS
systems and GIS application are now daily tools for operating personnel [Heidebrecht & Mar, 2012]).
All of these affect graduates of universities and other training institutions, as they are not duly equipped
for the labour market (IWA, 2014a, b, 2015; Nath et al., 2017); this is compounded by the barriers to
employee transition from academia to the work environment and a want of mentors to train novices –

there are no opportunities for them to acquire core and practical sanitation-related experiences.
The application of ReGenSan is highly dependent on core sanitation skills that are drawn from

multiple disciplines, especially as the occupational circle of the sector has expanded. Generally, skills
gaps are often responsible for inadequate and poor service delivery, improper management and
ownership structures and poor performance monitoring. Therefore, Sanitation 4.0 will adopt a
combination of strategic approaches at secondary, vocational, tertiary and professional levels to cultivate
knowledge and expertise for tackling current challenges through synergistic linkages and cooperation
between all key players and stakeholders involved in skill and knowledge transfer (Heidebrecht &
Mar, 2012). Learning content and skills relevant to all operations should be synchronized so that training
is pertinent and focused on concrete performance and result-oriented activities (GWP, 2009) by
designing adequate and fit-for-purpose training tools and innovative teaching/learning approaches that
enhance workers’ competences and strengthen institutional capacities to deliver effective and efficient
services, safe and quality products and guaranteed OHS and environmental quality.

This application platform will also target intensive learning of professional competences to move
sanitation workers across the stages of expertise (from novice to expert) in the skill acquisition process.
To this effect, performance and self-managed competences that could function in open, complex and
dynamic situations will form the bedrock of service and product delivery (Erpenbeck & Rosenstiel, 2004;
IWA, 2014a, b, 2015). Four core competency areas will be explored (infrastructural/facility design and
construction, maintenance management, user interface operations and cross-sectional networks) and
further categorized into specific skill areas with a focus on sanitation project circle activities such as
planning, designing, construction, installation, monitoring and evaluation, management, research, training
and implementation. (Bartram, 2005; Gotoh, 1999; Kurz, 1999; Kurz et al., 2004; WRC, 2002).

7.3 REGENSAN APPLICATION PLATFORM
The purpose of the Sanitation 4.0 delivery platform is to present a template for the application of ReGenSan
concepts and solutions towards the SDG 6 targets of expanding access, improving services and ensuring
safely managed facilities. It could then serve as a practical guide for global, national and local
implementation of collective and specific actions at all levels. The application process could include
defining key goals and objectives; exploring contextual issues of psycho-socio-ecophilia; assessing
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governance instruments; assessing technological systems; evaluating resource systems; assessing
cross-cutting issues; identifying priority solutions and implementing action plans; and monitoring and
evaluation. A detailed status assessment report to guide ReGenSan intervention programmes (ASHWAS,
2011; Bright-Davies et al., 2016; GHK Research & Training, 2000; ISF-UTS and SNV, 2016; IWA,
2014b; Lüthi et al., 2011a/b; Martínez-Jurado & Moyano-Fuentes, 2014; Parkinson et al., 2014)
(Figure 7.7) will provide an effective backdrop for sanitation management plans at global, national,
regional and local levels. Details of the platform items are described below.

7.3.1 Contextual analysis of PSEP
This process starts at the ‘place’ where scalable solutions are produced within sani-sheds, which could be
‘community-scale’, ‘neighbourhood-scale’ or ‘household-scale’. The contextual analysis could provide
linkages between sanitation solutions and end users (Lüthi et al., 2011b; Shove, 2003) for active and
broad engagement and involvement of relevant stakeholders in decision-making (Cookey et al., 2016c;
Luyet et al., 2012; Mang et al., 2016; Rowe & Frewer, 2000; Webbler et al., 2003). PSEP factors
include a wide range of cultural and religious belief issues, societal values, health and hygiene practices
and behaviours as well as user preferences and are linked to population and demographics (number of
people per household, population density, type of housing, gender-related issues). They also include
some influencing factors for investment in sanitation such as personal preferences, affordability, types
and quality of systems, willingness-to-pay, livelihood activities and types of materials to be recovered
from sanitation systems. Other parameters are water-hygiene-related, local climates, temperature and
precipitation, biological, geophysical and hydrological parameters. Descriptions of project goals,
objectives, scopes, purpose and scale should also be included.

7.3.2 Governance assessment
Determine and assure the suitability and adequacy of enabling environments for effective and efficient
sanitation service delivery. Several governance issues influence delivery of sanitation services including
the level of government support and political will, institutional frameworks (i.e. policy, laws, regulations,
guidelines and standards), enforcement and compliance mechanisms, organizational competence, clear
demarcation of roles, responsibilities of actors (formal and informal) and effective and efficient planning
and management systems (especially issues of human resources, knowledge, skills and capacity) as well
as financing and full cost recovery (Fonseca et al., 2011; Fonseca & Verhoeven, 2013; Joshi et al., 2015;
Pahl-Wostl, 2009, 2010; Ross et al., 2014).

7.3.3 Technological system assessment
Identify and categorize safely managed, basic and limited facilities as well as failing and dysfunctional
facilities. The analysis will include existing sanitation systems, practices and technologies’ performance
as well as operations and maintenance. The effectiveness and efficiency of current faecal sludge
management systems will be assessed and determined. The level of service delivery, which is basically
the benefit that users derive from current sanitation systems, will also be determined. Such issues as:
access to facilities, convenience of use and privacy, comfort, compatibility with the ‘system of the place’
and hygiene practices as well as downstream impacts on the environment, public health and ecological
systems (IWA, 2014a, b) are critical: specifically, technical norms and standards that influence designs,
operations and maintenance (whether official standards or those accepted in practice over time though
not formally recognized) (Lüthi et al., 2011a/b) will be explored. System integrity, quality control and
assurance will also be assessed, while infrastructures and facility mappings in sani-sheds could be used
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Figure 7.7 Integrated and multidimensional ReGenSan application platform.
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to identify system types, components and other spatial information for a clearer picture. The feedback from
this assessment could determine areas that need new designs and technologies, restorative and retrofitting
solutions as well as continuous improvement programmes for existing improved sanitation facilities.

7.3.4 Resource system assessment
Explore current sanitation systems’ capacity for resource recovery and reuse. In addition, the economic
value of these resources and their utilization in the ‘place’ will be assessed in order to support fit
technology designs (Murray & Buckley, 2009). The assessment shall focus on determining services and
products that could be derived from sanitation systems based on contextual characteristics and livelihood
support activities of the population in specific sani-sheds, demand for these services and products and
business models for delivering these products and services, and the appropriate technological designs
(EMF, 2012, 2013).

7.3.5 Cross-cutting issues assessment
Identify other actions and activities needed to achieve successful implementation and sustainability of
ReGenSan solutions based on their integrating nature. For instance, knowledge and skill gaps
assessments will help provide solutions for capacity development programmes, while infrastructure
standardization assessment will enhance facilities’ continuous improvement and value chain exploration
will provide solutions for sustainable sanitation business models.

7.3.6 Identify priority solutions for Sanitation 4.0
The results, findings and conclusions from all previous activities (Sections 7.3.1–7.3.7) are put together to
provide specific solutions, which are then prioritized for specific ‘sani-sheds’. These priorities should be
drawn from the eight special considerations highlighted in Box 7.1 above and could be selected through
a workshop or a series of focus group discussions, research and media surveys. The aim is to ensure that
problems considered are critical for access expansion and service improvement in sani-sheds, and for
user preferences and solutions they are willing to support. This could result in well costed, time-guided
activities and programmes, effective management and target achievements. Some up-front priority
actions (global and national) could include:

(I) Develop framework for incorporating contextual factors and place into design and management
of sanitation infrastructure;

(II) Develop a strategic comprehensive framework for data collection, analysis, processes and
management;

(III) Develop framework for incorporating governance and standardization into design and
management of sanitation infrastructure;

(IV) Develop a comprehensive and strategic framework to determine skill and knowledge gap,
appropriate solutions and effective delivery options;

(V) Develop a strategic framework for management/technology solutions to incorporate ReGenSan
into public service facilities

(VI) Develop a strategic framework and design appropriate solutions for the population at the
base-of-the-pyramid (BoP);

(VII) Develop a strategic framework for management/technology solution to incorporate ReGenSan
into rural development;

(VIII) Develop a strategic framework for management/technology solutions to incorporate ReGenSan
into urban regeneration;
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(IX) Develop a strategic priority areas framework to guide donors and intervention
organizations’ programmes.

7.3.7 Implementation of action plans
Implementation of the resulting action plans is the final stage of the planning process, which should
generally lead to launching the ReGenSan project. However, after preparation of the final draft of the
ReGenSan plan, there is the need for further consultations to ensure that every stakeholder (formal and
informal) is represented in the final product before moving to solution designs and development.
Operations and maintenance (O/M) should be incorporated into all plans from the inception as well as
knowledge and skills, promotion, advocacy and awareness programmes for all categories of stakeholders
(IWA, 2014a, b).

7.3.8 Monitoring and evaluation
Establishing monitoring and evaluation processes ensures that inputs and activities lead to their intended
results and outcomes. Adjustments should be made where necessary while the progress of established
goals is ascertained (UNICEF, 2014) and the logic of programmes and projects as well as the resulting
activities and their implementation are regularly validated to make adjustments as needed (UNDP, 2009b).

Sanitation 4.0 will accommodate other existing or new frameworks for different subsystems, dimensions
and components in order to achieve the aim of the whole, i.e., access expansion and service improvement.

7.4 CONCLUSION
The ReGenSan concept and framework presented in this book is innovative on four levels:

(I) It offers a comprehensive, holistic, integrated and systemic outlook for sanitation management
rather than a singular focus;

(II) It embraces the dynamic complexities and contextual peculiarities of ‘place and scale’ in
delivering sanitation solutions;

(III) It introduces the concept of sani-sheds; and
(IV) It is also the first time the regenerative concept has been applied to the field of sanitation research.

ReGenSan does not seek to replace previous frameworks or paradigms, but integrates all aspects of
sanitation through holistic interactions with related issues (e.g. water, health, hygiene, gender etc.) to
create a comprehensive framework of the best approaches and solutions for particular contexts. The need
for a comprehensive, integrated and systemic framework becomes apparent and of utmost necessity after
the dismal results of the MDGs’ sanitation targets. With the recent JMP outlook, it is quite obvious that
if the SDG 6 is to perform better by 2030, it cannot be business as usual. Sanitation management needs
its own focused solutions provision and should also be thoroughly investigated for efficacy, effectiveness
and acceptance; only then can the much-needed and desired access expansion and service improvement
be realized.

The ReGenSan framework is unique in that it is applicable to both developed and developing countries,
and to all stages, processes and cycles of delivering sanitation solutions. The framework has the potential to
critically evaluate, analyze and provide credible, adequate and appropriate sanitation solutions by adopting
diagnostic, prescriptive and normative analytical approaches. The diagnostic provides detailed existing
status reports for interventions that are geared towards either restorative, existing or nouveau solutions.
The prescriptive perspectives are built upon the diagnostic and play strategic roles in determining the
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appropriateness and adequacy of applied interventions, and at the same time promote the elements of
continuous improvement and knowledge/skills, especially with existing improved-safely-managed
(EIDT), retrofitting of unimproved-dysfunctional facilities (ReDT) and nouveau (NoDT) sanitation
systems, as well as strategically incorporating resource recovery and reuse (RRR) into current
conventional infrastructures (sewers and non-sewers). On the other hand, the normative is associated
with the governance and PSEP perspectives that provide the optimum enabling and operating
environment for the uptake of scalable solutions. These perspectives provide a better understanding of
the interconnections of knowledge among the sanitation subsystems, dimensions and components, with
overarching objectives to:

(I) Generate interdisciplinary system understanding for service improvement and access expansion;
(II) Develop and implement sani-shed-specific methods, models and technological solutions as well

as evolve context-dependent governance structures and strategies for place- and scale-based
sanitation service delivery;

(III) Integrate science-policy-technology-practice research into the sanitation space through a cyclical
learning process;

(IV) Emphasize and support the existence and growth of the sanitation economy.

The Sanitation 4.0 application platform will be able to show how SES, TeS and ReS subsystems are
inter-synergistically linked in a systemic whole to deliver comprehensive integrated sanitation solutions.
The intention is to improve management, planning and technological innovations so as to help guide the
activities of practitioners, policymakers and academics working in the sanitation space. For instance, the
challenge of expanding access to sanitation in developing countries and addressing the impacts of
conventional centralized systems in developed countries could be strategically addressed through the
window of retrofitting and rehabilitation rather than building facilities, and could then provide more
opportunities for well-thought-out novel designs for unserved and underserved areas. In addition, a
comprehensive integration of all components of the sanitation system could strengthen the capacity of
sustained service delivery and also improve participatory processes that enhance ownership and
investment of would-be users. The diversity that often exists in social and ethnic groups of any locality
greatly impacts design, access, acceptability, affordability, construction and use of sanitation systems;
therefore, this framework could strengthen understanding of the unique dynamics-potential of a location
to influence types and processes of technologies and determine systems’ capacity to improve
own performance.

This proposed ReGenSan framework could give rise to improvement and new concepts in sanitation
system-thinking, management, planning and technology innovations without compromising the
sustainability of the ecosystem. It will work with other pre-existing frameworks and perspectives to
provide functional and progressive approaches towards improving and expanding access to sanitation
services at ‘scale’. There will be comprehensive, explorative, experimental and descriptive assessments
using qualitative and quantitative datasets to gain better understanding of sanitation subsystems,
dimensions and components. Sanitation 4.0 could serve as a guide for funding/donor and intervention
agencies by assisting them to identify where and when funds and support for more effective and practical
outcomes are urgent. It could also contribute to strengthening global planning and implementation
towards expanding access and improving service delivery of sanitation solutions. At the same time, it
could serve as a pathway or portal for innovative designs and development of sanitation technologies
and social solutions, especially when there is integrated focus on the key special strategic considerations.

The major constraint, however, will be the seeming disregard of conceptual frameworks in sanitation
research. Nonetheless, this trend is changing in the recent upsurge of frameworks, perspective and
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paradigm researches in the sanitation space. The perception of sanitation only through the focus of toilets as
isolated structures for defecation, with products and by-products only considered as waste and nuisances that
contaminate, pollute and degrade the ecological system, is changing. Sanitation should rather be seen as a
catalyst for systemic community regeneration and transformation.

7.5 EXERCISES
(I) Critically describe Sanitation 4.0 and its significance as a global platform towards expanding

access and improving services.
(II) Critically discuss the milestones of sanitation paradigms and technologies presented in

Figure 7.1.
(III) Critically discuss the impacts and differences between the MDGs’ target to ‘reduce by half’ and

the SDGs ‘universal access’ on sanitation and relate them to the goals of the sanitation decade.
(IV) Critically examine the differences in ‘improved sanitation’ and ‘basic sanitation’ and how they

affect perceptions, analysis, management and results.
(V) Critically and briefly examine the core objectives and purpose of Sanitation 4.0 and the key

special strategic considerations used to improve sanitation delivery to BoPs.
(VI) Critically examine some governance challenges that Sanitation 4.0 could face in your own

country.
(VII) Critically examine the Sanitation 4.0 application process in line with the special considerations

and ReGenSan Principles.
(VIII) How does the Sanitation 4.0 application process relate to the ReGenSan subsystems and their

dimensions and components?
(IX) What is the place and impact of ReGenSan in urban regeneration?
(X) Explore the possible integration of ReGenSan into rural development in your own country.
(XI) Briefly and critically describe the type of public sanitation services that could serve different

public and open space for different kinds of people (e.g. elderly, women/girls, children,
people with disabilities, religions and cultures, etc) in different contexts and places.

(XII) What are HtRAs and how can they be effectively provided with safely managed sanitation with
resource recovery elements?

(XIII) What are the benefits of reliable and accurate data for ReGenSan’s Sanitation 4.0 platform?

7.6 RECOMMENDATIONS FOR FUTURE RESEARCH
(I) How can sanitation solutions at household level connect to agriculture and what are the likely

impacts?
(II) Explore integrated sanitation infrastructure/design options that work with agriculture,

aquaculture and horticulture, that could serve at household scale to sani-sheds levels while
remaining affordable, reliable, safe and functional.

(III) Explore the significance and limitations of Sanitation 4.0 as a global platform towards
expanding access and improving service.

(IV) What kind of indicators are appropriate to classify HtRAs for sanitation?
(V) Explore options for dealing with place and contextual issues (such as coastal, arid, mountainous,

temperate, tropical, cultural religious, status etc) in delivering sanitation solutions.
(VI) How can sanitation be used to leverage the livelihood of BoP in a given sani-shed and at

different scales?
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(VII) How effectively could the special considerations of Sanitation 4.0 support the 2030 SDG
6 targets?

(VIII) Explore sanitation technological options and solutions for the three different segments of the
BoPs.

(IX) Determine indicators for measuring parameters of safely managed resource recovery sanitation
facilities such as functionality, serviceability, reliability, acceptability and affordability.

(X) Explore the ICT option for data gathering and management in the Sanitation 4.0 platform.
(XI) Determine the key and relevant knowledge and skills that sanitation professionals and workers

(at formal and informal levels) require to fulfil ReGenSan requirements on the Sanitation 4.0
application platform.
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