
Chapter 2

Regenerative sanitation foundations

‘we need to replace the industrial mind with the ecological mind’

Wes Jackson

2.1 INTRODUCTION
The previous chapter highlighted existing worldviews, paradigms and concepts of sanitation spanning many
decades. The sanitation journey (from the period of arbitrary disposal to today’s prevailing sanitation
technologies) has all been based on the conventional sanitation (ConSan) paradigm and its corresponding
concepts, as seen in Sections 1.4.1 and 1.4.2 in Chapter 1 (Cooper, 2001; O’Reilly et al., 2017; Persson,
2017; Zeldovich, 2017). Paradigms are shaped by controlling worldviews and so regardless of the
direction of a shift in paradigms, if it remains under the same worldview, not much would change. The
mechanistic-reductionist worldview of the ConSan paradigm was also the foundation of the ecological
(EcoSan) and sustainable sanitation (SuSan) paradigms, which were also technocentric, and inevitably,
in spite of its identified shortcomings ConSan remained dominant over them for many years.

Nevertheless, the need for a paradigm shift in sanitation has been reiterated in multiple studies and
debates (see Chapter 1), but since the worldview remains the same, change has not been as effective as
desired. The challenge of EcoSan and SuSan was that they tended to lean more to the mechanistic-
reductionist worldview, which focuses mainly on technological solutions and ignores other subsystems,
dimensions and components of sanitation systems. It seems more justifiable that such paradigms as
EcoSan and SuSan should lean more towards an ecological systemic worldview rather than focusing on
just ‘parts’ and ‘technology’ (which is the main challenge of all the three previous paradigms). Most
conceptualizations conceived and borne out of the these paradigms (e.g. sanitation ladder, service chain,
behavioural change, decision support – Chapter 1, Section 1.5) do not address sanitation as a holistic,
complex and dynamic system, but focus on singular aspects in a Newtonian-Cartesian reductionist
manner through the mechanistic thinking of the Industrial Revolution that technology can fix everything.
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In the end, minimal successes in sanitation service improvement and access expansion are recorded with
overwhelming disappointment. Sanitation, today, has become a global challenge, with much funding
directed towards it for many years and pilot cases of various approaches, but almost no uptakes or
lasting solutions. Sanitation targets for the MDGs are still way off-track and progress towards the SDGs
could be on the same path. Sanitation programmes cannot continue with business as usual and expect
different results. It is time for a new generation of thought in sanitation and this book aims to act as a
catalyst to conceive a new paradigm as well as theories and principles for management and technology
solutions in the race towards 2030 and beyond.

In essence, a new generation of thought in sanitation will obviously require a shift in paradigm – not
necessarily nullifying the old, but tweaking it to strengthen its weaknesses and integrate all parts. As
indicated in Chapter 1, this new paradigm will need an initial shift from the mechanistic-reductionist
worldview to the ecological-systemic worldview. Meadows (1999) strongly suggested that paradigms are
the key and most important place to intervene for solutions in any system – especially complex systems
such as sanitation management. Change in parameters (number of people with or without), size (capacity
of existing facilities), structure of facilities (types of toilets/treatment facilities) and established goals
(halving vulnerable population/ensuring universal access), as promising as they might be, may not yield
the desired results without a paradigm shift. Paradigms are the sources of systems that lead to goals,
information, structure, feedbacks, rules and everything else about the system (Meadows, 1999). It is
increasingly evident that in order to move in the direction of progress, the sanitation management system
needs to be restructured and most scholars and practitioners agree that this restructuring will stem from
holistic, integrated, systemic and ecological foundations.

After much contemplation and exploration of studies and practical cases across the globe, the
regenerative sanitation paradigm was articulated, which brought about the regenerative sanitation
concept outlined in Chapter 1. This shift sees sanitation as resource/service management rather than
problem management and aims to reduce transfer of burden, be resource-oriented, conserve (recover)
energy/water and incorporate restorative and continuous improvement principles. At its core is a process
trail that works from within the system and the peculiarities of the ‘place’ to ensure resilience and
adaptability. The overall aim of ReGenSan is to refocus the perspectives of researchers, professionals,
practitioners, advocacy agents, policymakers, donors and funders as well as solution-providers from
attacking a problem to providing a service and solutions; and ultimately, expanding access as well as
improving service towards achieving the SDG no. 6 sanitation targets by 2030 (Boxes 2.1 and 2.2).

This chapter introduces a new generation of thought in sanitation from these points by proposing a
regenerative sanitation theory and some underlying principles. Chapter 3 then presents a conceptual
framework designed to reflect the process for the kind of sanitation practice that would fulfil this
ambitious goal.

BOX 2.1 REGENERATIVE SANITATION PARADIGM (ReGenSanP)

The regenerative sanitation paradigm (ReGenSanP) demands a systemic and holistic approach to
sanitation management that mimics the principles of nature, respects the peculiarities of place,
considers the ecology and geography and integrates all aspects of sanitation while taking into
account interactions between the psycho-social, management, resource utilization and technology
aspects to take advantage of the multidimensional and multidisciplinary characteristics to provide
sanitation solutions.
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2.2 REGENERATIVE SANITATION ASSUMPTIONS
This ReGenSan concept is not an attempt to right certain wrongs and offer better options, but to fill an
opportunity for progressive change towards a future where the potential of sanitation is harnessed and its
negative impacts minimally reduced. It aims to tackle the increasing demand for a shift in the way
sanitation is addressed by providing a framework for planning, research and development in sanitation
management – while at the same time redirecting thought on sanitation matters from strictly techno-
mechanistic to systemic, holistic and ecological explorations of a complex and dynamic phenomenon.

The pursuit of an understanding of this kind of systemic-holistic thinking that views sanitation as
complex and dynamic with integrative characteristics led to a series of assumptions and a theoretical
foundation upon which a conceptual framework for sanitation management was built. The following
assumptions were made with hypothetical statements to heighten theoretical clarity, for better
understanding of the ReGenSan, and the key related theories were adopted in order to propose a
regenerative sanitation theory (Table 2.1).

2.3 REGENERATIVE SANITATION THEORETICAL FOUNDATIONS
The theoretical foundations for ReGenSan, therefore, consist of the following theories: functionalism
and system theory, regenerative development and design theory and centralization theory as well as
decentralization theory.

2.3.1 Functionalism and system theory (FaST)
Functionalism and system theory (FaST) facilitates the understanding of complex systems that consider
whole systems as a structure of interrelated parts working together in harmony to ensure stability,
resilience, continuity, balance and healthy flow of the whole (Mooney et al., 2013; Sato, 2011). Just as
the various organs of the body work together to keep the entire system functioning and regulated, the
various parts of the system work together to keep the whole system functioning and stable (Griffiths
et al., 2015; Seiffert & Loch, 2005; Spencer, 1998; Vester, 2004). The most important property of
functional systems is that they are made up of several dynamic parts that are not isolated, but closely
interlinked, forming a complex structure (Seiffert & Loch, 2005) and function as a recurrent activity of
the parts in the whole as well as the contribution it makes to structural continuity (Griffiths et al., 2015;
Radcliffe-Brown, 1952). Every part in a system is influenced by all the other parts and when there is a
dysfunction in one part, it affects the stability and balance of the whole system, causing a disequilibrium
that affects the complete system (Griffiths et al., 2015; Sato, 2011) and this requires a change in

BOX 2.2 REGENERATIVE SANITATION CONCEPT (ReGenSanC)

The regenerative sanitation concept (ReGenSanC) focuses on revitalization and rejuvenation of the
entire sanitation management system to improve service and expand access through deliberate
partnership with nature in a holistic, systemic and integrative manner where sanitation is addressed
as a whole system with functional parts that are symbiotically connected. It is based on the
principles of systemic internal processes for restoration and sustainability and addresses sanitation
comprehensively while incorporating all the unique characteristics of sani-management from the
starting point of a specific and peculiar ‘place’ (location).
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Table 2.1 ReGenSan Assumptions and Corresponding Hypothetical Statements.

S/////No Assumptions Hypothetical Statements

1 Current technocentric sanitation approaches
address issues from the
mechanistic-reductionist perspective of parts
rather than from the systemic-holistic
perspectives. They solve problems in one part
and create problems for other parts.

Sanitation should be looked at from integrated,
holistic and systemic perspectives, not just
technocentric, and from how the parts
contribute towards the healthy flow of the
whole system.
There is no need to compartmentalize and
fragmentize sanitation service delivery into
centralization and/or decentralization; rather it
should be looked at from the perspective of the
whole, which will require hybridization
approaches to create the needed synergy for
improved service delivery and access
expansion.

2 Attempts to design one-cap-fits-all solutions
have failed to recognize the peculiarities of the
‘place’ and ‘scale’, which impacted negatively
on sanitation services because of its inability to
address the pyschosocio-cultural, economic
and ecological challenges.

The peculiarities of the ‘place’ are of utmost
importance in the implementation of
sociotechnical innovations for sanitation
systems, especially in the areas of
technological design, selection and
management solutions.

3 Current sanitation approaches do not seek to
align with nature or support the health of
natural systems.

Sanitation management and technological
approaches should strive to support and work
with nature as well as attempt to mimic the
systemic flow of natural and living systems.

4 The major challenges of sanitation militating
against expansion of access and service
improvement in developing countries are lack
of ‘place’ and ‘scale’ management,
standardization, regulatory requirements and
system specifications, as well as inadequate
rehabilitation strategies, especially in the
implementation of decentralized systems.

Sanitation management needs to be
organized within the ‘place’ and ‘scale’ of
‘sani-sheds’ as in ‘sewer sheds’ and
‘watershed’, which is the natural
hydrogeological and geographical pattern for
ensuring adequate systems and product
specifications, management and governance
strategies, participation and partnership and
adoption of appropriate technology as well as
benefit-sharing among others.

5 Current on-site sanitation technologies
(particularly in developing countries) usually
result in the generation of large quantities of
faecal sludge and wastewater transferred from
one point of generation to another outside
location for treatment and/or disposal, thereby
creating social, environmental, public health
and ecological burdens in that new location.

Sanitation technologies and management
strategies should be designed to minimize the
transfer of by-products (faecal sludge and
wastewater) from one location to another as
well as ensure resource recovery, utilization
and reuse within the ‘place’ and ‘scale’ to
minimize transfer of burdens.

6 Most sanitation technologies are susceptible
to design, operations and acceptability failure

Sanitation technology solutions should be
designed with internal sustaining power,

(Continued )
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operations. This implies that a system’s functionality is dependent on the symbiotic relationship between its
parts and how they function together; that is, any system is dependent on its own internal interdependencies
(Marshall & Farahbakhsh, 2013).

The fundamental notion of the functionalism and system theory is its focus on interactions (Von
Bertalanffy, 1956, 1968) and the sole shift of attention from the ‘part’ to the ‘whole’ (Benne & Mang,
2015; Capra, 1997; Checkland, 1997; DeWitt, 2010; Du Plessis, 2009; Hes & du Pleasis, 2014;
Heylighen, 2006; Jackson, 2003; Koltko-Rivera, 2004; Mele et al., 2010; Miller & West, 1993;

Table 2.1 ReGenSan Assumptions and Corresponding Hypothetical Statements (Continued ).

S/////No Assumptions Hypothetical Statements

at critical points, especially at implementation.
There are many sani-innovations that never
made it beyond pilot phase. Furthermore, most
innovations in sanitation often pursue idealistic
and utopian outcomes that are not built on
sound theoretical and conceptual foundations
and so hardly survive the marketplace and
selection uptake.

flexibility, resilience, ease of operations and
maintenance and consideration for users’
acceptability.
Sanitation technological solutions and
management strategies should be based on
strong theoretical and conceptual foundations
upon which innovations and novelty could be
designed and developed.

7 There are so many dysfunctional and failed
sanitation infrastructures, and considering that
2.4 billion people globally are making use of
unimproved sanitation facilities, it would make
more business sense to work to restore and
upgrade dysfunctional, failing and unimproved
facilities than to build new ones that might well
not be acceptable, especially in developing
countries.

Expanding access and improving service in
most developing countries will require more
targeted efforts towards restoration and
retrofitting of dysfunctional, failing and existing
unimproved sanitation infrastructures.

8 The biggest sanitation technology
challenges over the past decades are
connected to the neglect of psycho-social
and cultural issues in delivering sanitation
services.

Like the self-flourishing and self-regulating
characteristics of living and natural
systems, sanitation systems should be
able to feed the psycho-social, economic,
cultural and ecological needs as well as
stability of the ‘place’ and ‘scale’ of its
location.

9 Sanitation infrastructures in developed
countries are close to their end of life andmany
are beginning to fail and break down due to
age and changing conditions. Climate change,
new trends and levels of urbanization and the
drive towards regenerative cities will call for
new sanitationmanagement strategies even in
developed countries.

Sanitation management strategies cannot be
restricted to developing and poor countries
alone, and so systemic, holistic and integrated
strategies should be explored for design and
development of new solutions as well as
retrofitting existing infrastructure for all to work
within a system based on ecological principles.

10 Most failed sanitation technologies and
management solutions in developing countries
were transferred without consideration for
differences in sociocultural, economic,
geographical and ecological characteristics.

Based on many design factors, sanitation
solutions that work in one location may not
work in another development and planning
should come from the starting point of the
‘place’ and ‘scale’.
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Weinberg, 2001; Von Baertalaffy, 1956). FaST is designed to escape mechanistic-reductionism and
embrace the functionalism dynamic complexities of systemic, holistic and integrated perspectives
(Patton, 2002). It ensures that in any given situation at least three levels of inquiries are considered: the
system (what?), the subsystem (how?) and the wider system (why?) (Checkland, 1981; Unsal, 2016). Its
application promotes holistic integration and extends beyond technology-focus; it exploits opportunities
of inter-synergistic interactions between all the sanitation subsystems, dimensions and components
(Anarow et al., 2003; Rocky Mountain Institute, 2006). A sanitation system that considers the functions
of all subsystems, dimensions and components will provide adequate technological and management
solutions by considering that sanitation problems are rarely solved at the individual household level
alone. In that case, it is essential that sanitation systems’ boundaries be extended to accommodate
systemic, holistic and integrated sanitation management processes. This gives support to the concept of
sani-sheds, which systematically, holistically and integratively combine technological processes such as
storage, collection, transport, treatment, recycling and reuse and minimal final discharge within the
‘place’ (Tilley et al., 2014a, b; Zurbrügg & Tilley, 2009). Functional sanitation systems should:

(I) Incorporate planning,
(II) Take advantage of the inherent resources in faecal matter,
(III) Benefit from appropriate and best applicable technology for ‘place’ and ‘scale’,
(IV) Ensure effective and efficient operations and maintenance,
(V) Address relevant psycho-socio-cultural issues that help integrate users’ perspectives, and
(VI) Incorporate rehabilitation of dysfunctional infrastructure.

ReGenSan embraces functional systemic thinking for the complex and dynamic nature of sanitation where
the interacting units function systematically, holistically and integratively to improve performance.
Significantly, sanitation systems are complex processes and interactions between physical, social,
economic, technological and ecological components interlink and influence each other; where there is a
dysfunction in one, there is a dysfunction in all and the whole system is then weakened. This, inevitably,
affects access expansion and service improvement (Mele et al., 2010; Seadon, 2006, 2010; Tilley et al.,
2014a, b).

2.3.2 Regenerative development and design theory (RDDT)
The regenerative development and design theory (RDDT) springs from the need to focus on reducing the
negative impacts of human development activities on the planet to creating net-positive impacts that
align cultural and natural patterns, to provide opportunities for positive outcomes rather than just doing
less damage (Hoxie et al., 2012; Lyle, 1994). It seeks to create systems that integrate the needs of
society with the integrity of nature through processes that restore, renew and revitalize their own sources
of energy and materials (Mang & Reed, 2012a, b). The theory aims to restore or create the capacity of
ecosystems and bio-geo-chemical cycles (carbon, hydrological, nitrogen, etc.) to function optimally
without human intervention. It further creates new potential, as humans are able to evolve with the
ecosystems they are part of (Jenkin & Pedersen, 2009). This theory could replace the present one-way
linear material flow that devours its own sources of sustenance often described as ‘degeneration’ to
cyclical flow systems of ‘regeneration’ that work for optimization and resilience (Lyle, 1994).
Everything does not rest on technology alone; the core is the value of human relationship with nature
(Akturk, 2016). Patterns are enmeshed in natural and social processes to make their purposes far more
complex and function as integral parts of the communities they serve and also involve the communities
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in design and operations. RDDT seeks to replace throughput flows with cyclical flows at source,
consumption centres and sinks to change behaviour pattern (Lyle, 1994; Figure 2.1).

Lyle (1994) proposes six basic processes required to shift from linear to cyclical processes and 12
strategies for the achievement of regenerative design and development. The six basic processes are:

(I) Conversion,
(II) Distribution,
(III) Assimilation,
(IV) Filtration,
(V) Storage, and
(VI) Thought.

Conversion is the mechanism by which energy is turned into usable energy, while distribution is the means
by which the energy reaches community members. Assimilation is the collection and return of materials to
the landscape, while filtration is the process that maintains a clean and healthy ecosystem and storage
supports stabilization of products, such as water and food. Finally, regenerative design is guided by
thoughts. Lyle’s 12 regenerative strategies are:

(I) Letting nature do the work,
(II) Considering nature as both model and context,
(III) Aggregating not isolating,
(IV) Seeking optimum levels for multiple functions, not the maximum or minimum level for any one,
(V) Matching technology to need,
(VI) Using information and knowledge,
(VII) Providing multiple pathways,
(VIII) Seeking a common solution to disparate problems,

Figure 2.1 Degenerative linear systems of throughput flows (adapted from Lyle, 1994).
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(IX) Managing storage as a key to sustainability,
(X) Shaping form to guide flow,
(XI) Shaping form to manifest process, and
(XII) Prioritizing for sustainability (Lyle, 1994).

These processes and strategies support three important natural sanitation technological approaches:
composting, natural sewage treatment and bioremediation. They also illustrate the very functions and
capacities that both plants and microorganisms can play in sanitation solutions, especially in sewage
treatment, without using the elaborate, energy-intensive, often unreliable mechanical devices from
conventional linear sewage treatment plants (that is, letting nature do the work of sewage treatment)
(Lyle, 1994).

Thayer (1994) uses RDDT to create positive associations between the natural and technical world and
shows how they impact culture and behavioural change. Thayer’s five characteristics of RDDT are:

(I) Generate renewal energy without ecological destabilization,
(II) Maximize recycling resources, nutrients and by-products with minimum water production,
(III) Maintain local structure and function without reducing the diversity or stability of the surrounding

ecosystem,
(IV) Preserve and serve local human communities rather than change or destroy them, and
(V) Incorporate technologies that support these goals.

McDonough and Braungart’s (2001) theory of ‘cradle-to-cradle’ brings some of the primary principles
underpinning RDDT to the forefront. McDonough-Braungart’s principles include:

(I) Recognize that waste equals food,
(II) Respect diversity, and
(III) Reconcile energy consumption to current solar income.

The ‘waste equals food’ is very relevant to the ReGenSan concept, which embodies the concept that in
nature nothing produced is useless. RDDT provides the platform for integrated approaches to planning,
design and development for effective and efficient use of resources needed for expansion of access and
service improvement in sanitation delivery (Jenkin & Pedersen, 2009). The cradle-to-cradle concept
eliminates the idea of regarding faecal matter (human waste) as waste, and regards it rather as a resource
system that revolutionizes the paradigm of ‘cradle-to-grave’ – a linear conventional sanitation system
(Jenkin & Pedersen, 2009; McDonough & Braungart, 2002). The goal is to enhance resource recycling
and safe reuse of sanitation products that enhance benefit-sharing and no-transfer-of-burden while using
appropriate solutions. Therefore, the regenerative goal makes it clear that the volume of waste to be
processed should be limited to the capacity of the environment to assimilate it as well as ensure that
these materials are returned to the processes of natural and human ecosystems (Lyle, 1994). This closely
connects ReGenSan to regenerative agriculture as the subject of food sufficiency as well as carbon
emission reduction. ReGenSan commits to systemic, holistic and integrated processes that provide better
understanding of the knowledge of functions and interconnections among sanitation subsystems,
dimensions and components.

In the context of sanitation technological and management solutions, RDDT provides an extensive range
of possible combinations of social-ecological-systems and technical management strategies, concepts and
designs. The storage component could act as the stabilization (aerobic and anaerobic digestion) process
for by-products of human digestion from users’ interface and the filtration could represent the application
of various polishing and treatment processes for faecal matter and other associated waste materials to
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render them safe for reuse and disposal into the ecosystem. The next stage could then be conversion
comprising the various processes of biomass recovery and recycling from the by-products collected,
while assimilation could involve the process of mineralization of the recycled unusable portion or
remnants of the biomass that are returned to the ecosystem for sustenance through emissions. The next
process could be distribution, the process of ensuring that the recovered and recycled resources reach
community members in the sani-sheds (possibility for regenerative agriculture), and then finally
advancing the ReGenSan concept through the power of information and knowledge. Adopting RDDT
into sanitation practice could richly change previous sanitation systems’ axiomatic mode of operations of
front end and back end (IWA 24:2016). Box 2.3 presents ReGenSan systems components and processes.

Therefore, ReGenSan technological and management solutions are designed and structured to let nature
do the work, by drawing on natural processes of decomposition to reintegrate materials into the ecosystem
(Figure 2.2).

BOX 2.3 ReGenSan SYSTEMS COMPONENTS AND PROCESSES

ReGenSan systems components and processes comprise:

(I) Front end, which refers to users’ interface,
(II) Mid end, which makes up storage and treatment processes, and
(III) Back end, which includes resource recovery/utilization and disposal.

Figure 2.2 Regenerative sanitation cyclical process flow (adapted from Lyle, 1994).
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2.3.3 Centralization theory
The centralization theory originated from municipal governance systems and was driven by the benefit of
economics of scale, the knowledge of traditional conventional water treatment methods and limited ability
for remote monitoring and control (Ahluwalia, 2012). Centralization involves management processes that
collect, treat and discharge large quantities of wastewater by the use of pumps, piping materials and
energy, and hinges on the notion that often ‘out of sight’ requires less public participation and awareness
(Giri et al., 2006; Go & Demir, 2006; Massoud et al., 2009; USEPA, 2004; West, 2001; Wilderer &
Schreff, 2000). It technically supports the collection and drainage of wastewater generated from
households, industries and sometimes stormwater from large urban and peri-urban areas to central locations
for treatment, reclamation and surface discharge away from human settlements (Tchobanoglous &
Leverenz, 2013; Tchobanoglous et al., 2009; Wilderer & Schreff, 2000). This concept has long been
implemented and utilized as a way to treat wastewater in highly populated and urbanized areas and is
often publicly owned to manage large volumes of wastewater for large communities, which carry huge
investments and associated costs that generally make it difficult and time-consuming to establish (Bakir,
2001; Suriyachan et al., 2012)

This centralization theory has given birth to combined or separate sewage systems for bulk wastewater
disposal provided in large wastewater catchment areas, which could also be split up into separate sewage
systems and subsequently connected to various treatment plants. In addition, it supports centralized
treatment plants that offer a multiplicity of systems and system variations for wastewater treatment.
These include various wastewater treatment levels such as mechanical and mechanical-biological
treatment, nutrient removal, disinfection and use of membrane removal of minute particles (Orth, 2007).
Centralized systems have provided considerable benefits to modern society, especially in the
improvement of public health through the removal and treatment of wastewater (Brown et al., 2009;
Sharma et al., 2013). However, demographic changes including the ageing population, socio-economic
factors, climate change, biodiversity, energy use, water supply and consumption and ageing
infrastructure have put increasing pressure on centralized sanitation systems (Brown et al., 2011; Marlow
et al., 2013, Sapkota et al., 2015; Sharma et al., 2010) (Figure 2.3).

Consequently, proponents of centralization have come to accept the need to break up central
systems, which led to the concept of ‘distributed centralized systems’ (DCS). DCS divide large cities
into discrete sections, typically according to political and or geographic boundaries, which are then
served by different but linked centralized sanitation treatment systems. This is rationalized by the
recognition that:

(I) Future population growth in areas would be difficult to service,
(II) Unwillingness of citizens to put up with the disruptions resulting from construction of new large

transport systems to accommodate future growth at the existing centralized facility could be quite
challenging,

(III) Capacity limitations for collection and treatment could be problematic based on anticipated future
growth,

(IV) Existing treatment facilities have gone beyond their lifespan,
(V) Capacity limitations exist for the discharge of additional treated effluent to nearby receiving

waters,
(VI) Increased pumping costs from peripheral urban areas could decrease users’ ability to pay

(affordability), and
(VII) Opportunities for resource recovery, recycling and safe reuse in the upper reaches of the collection

systems are high in DCS (Tchobanoglous & Leverenz, 2013).
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Centralization in sanitation faces overarching challenges, particularly in protecting and maintaining public
health, environmental protection, resource recovery and sustainability (Brands, 2014; Butler & Parkinson,
1997; Delleur, 2003). Although so much has been achieved with community and public health protection,
large volumes of untreated or inadequately treated wastewater still continue to be released into the
environment, resulting in deterioration of water quality and thereby public health (Hutton et al., 2007;
Nhapi et al., 2006; World Bank, 2003). The most daunting challenges, however, for centralized systems
remain environmental protection, resource recovery and sustainability (Bracken et al., 2006). Mixing of
different wastewater streams (as is practised in most centralized systems) makes recovering different
resources such as water, energy and nutrients difficult. In addition, dilution of wastewater streams
containing pathogens and toxic compounds, such as heavy metals and organic micropollutants, makes
treatment more complex and demands more resources such as energy, money, space and expertise, while
still putting pressure on the environment through emissions (Balkema et al., 2002). In spite of these
challenges, the theory contributes to the ReGenSan concept of sani-sheds and scales-based technology
and management (as in sewer sheds).

2.3.4 Decentralization theory
The decentralization theory is often associated with local governance and is increasingly recognized as a
potentially suitable way to contribute towards reducing the large population lacking access to improved
sanitation (Bieker et al., 2010; IDRC, 2010; Larsen & Maurer, 2011) as well as increasing the
effectiveness and efficiency of sanitation technology and resource recovery (Libralato et al., 2012).
Decentralization collects, treats and disposes/reuses treated wastewater at or near the source of

Figure 2.3 Centralized wastewater collection system with satellite systems (adapted from Tchobanoglous &
Leverenz, 2013). Note: (a) large extraction type, (b) commercial building interception type, (c) upstream
interception type and (d) individual home type.
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generation and aims to operate at small scale (Suriyachan et al., 2012; USEPA, 2004). It not only reduces the
effects on the environment and on public health, but also increases resource recovery and reuse depending
on the type of technical options and local setting (Massoud et al., 2009). Historically, this theory is usually
applied to on-site sanitation systems adopted for properties in remote and small communities where the
implementation of centralized sanitation systems may not be viable due to technical, economic or
environmental constraints or not chosen by homeowners (Sharma et al., 2013; USEPA, 2002)
(Figure 2.4). Currently though, it is not only implemented in peri-urban, rural and remote areas, but also
in conjunction with centralized systems to reduce the stress on existing ageing centralized urban
sanitation systems (Bieker et al., 2010). The emphasis is on localized systems that lend themselves to
recycling because it is expected that sustainability can only be achieved through closing the nutrient
cycles (Libralato et al., 2012). Decentralization processes seem to satisfy all the traditional centralized
treatment requirements, with some added values relating mainly to the ability to minimize residual
effluent contamination as well as ecosystem disruption by removing emerging micropollutants such as
metals, pharmaceuticals and personal care products (Borsuk et al., 2008).

Small treatment plants, however, are not entirely reflective of the decentralized theory. The fact that small
sanitation treatment technologies act locally in a decentralized manner does not imply that they follow the
principles of decentralization (as these plants may not even be small) such as:

(I) On-site scale that covers treatment technologies and/or management systems that provide
sanitation services at the scale of individual properties,

(II) Cluster or development scale that operates under some form of common ownership model and
services two or more dwellings or a whole development, with wastewater treated in proximity
to dwellings and in most cases includes resource recovery and stormwater harvesting
(Geisinger & Chartier, 2005),

(III) Distributed or community-type systems providing services to large developments (i.e. n. 100
properties) with the service owned and operated by utilities.

Figure 2.4 Decentralized system of home reuse system with urine separation and urine storage
(Source: Tchobanoglous & Leverenz, 2013).
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Decentralized sanitation systems have been projected to continue to grow based on the expansion of
development in urban fringes, natural areas and urban areas (Sharma et al., 2013; Tchobanoglous &
Leverenz, 2008, 2013). The decentralization theory contributes to ReGenSan to further improve the
concept of place- and scale-based sanitation strategies and source separation for recovery of valuable
resources from human excreta.

The purpose of ReGenSanT (Box 2.4) is to promote the total rejuvenation and revitalization of all aspects
of sanitation systems based on quality and functionality of infrastructures and not merely counting numbers
(Kvarnström et al., 2011). It aims to guide the new generational thought on sanitation management and this
theory is still open to strengthening as further explorations and investigations are considered.

2.4 PRINCIPLES OF REGENERATIVE SANITATION
Critical to the pursuit of ReGenSan is identifying the core principles that will drive its operations and
implementation to ensure its sustainability, resilience, adaptability and effectiveness. Based on the
ReGenSanT posited above and perusals of other stated theories, the following 10 principles, though not
exhaustive, are conceived to guide planning, research and development in regenerative sanitation. These
synergistic and interconnected principles also serve as directives for the corresponding framework (to be
presented in Chapter 3). Table 2.2 shows the summary of the 10 key principles of ReGenSan, while
detailed explanations are presented below, in alphabetical order and not necessarily in their order of
importance.

These principles, described below, are designed to work together as an integrated whole and not as
individual parts – and it is only when they are inputted together that they give the desired results.

2.4.1 Appropriate technology (ApT)
ApT suggests that technology is neither neutral nor does it evolve along a single path, and recognizes that
different cultural and geographical groups should have specific sanitation technologies responsive to their
varying conditions (Illich, 1973; Schumacher, 1973; Willoughby, 1990). ApT provides context-specific
series of infrastructure, methods, approaches, strategies and services designed for the management of
resources derived from human by-products of digestion (excreta and urine) (Tilley et al., 2014a, b). ApT
is a marked departure from the original concept of ‘appropriate technologies’ – of low-cost alternatives
to conventional sewerage systems designed to keep the cost of infrastructure low (Mohammed
Shahalam, 1985; Kalbermatten et al., 1980; Shuval et al., 1981). ApT encompasses every level of
technology, from the very simple to the highly complex, provided that it is tailored specifically to
people’s needs based on the requirements of the ‘place’ and/or ‘scale’ (Lyle, 1994). The key element of
appropriateness is encouraging the right choice and technology that fit the ‘place’, and goes beyond
toilets to the final end use of excreta-derived end-products resources and disposal of residue as well as

BOX 2.4 REGENERATIVE SANITATION THEORY (ReGenSanT)

Based on the preceding section, the theory of regenerative sanitation theory (ReGenSanT) proposes
that sanitation technology and management approaches must consider the system functions and
parts in a holistic, systemic and integrated manner, from the starting point of place and scale and
work with nature to produce more locally fit-for-purpose, acceptable and practical solutions, which
will in turn lead to expanded access and improved service delivery.
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engaging in extensive interaction with the would-be users (Hollick, 1982; Kalbermatten et al., 1982; Tilley
et al., 2014b). ApT seeks to provide sanitation systems that are of high standards, technically (especially for
children and people with disabilities) and hygienically safe to use (Giné-Garriga et al., 2017).

ApT should strive to be ecologically adaptable and resilient, use local resources, ensure energy
conservation and feasibility of resource recovery and build institutional and governance capacities to
create the enabling environment (Katukiza et al., 2010, 2012; Mara et al., 2007; Murphy et al., 2009;
Nansubuga et al., 2016; Saubolle, 1980). It incorporates both ‘hard’ and ‘soft’ aspects of technology and
addresses issues of knowledge-transfer mechanisms, capacity-building and communication methods as
well as social, cultural, religious and gender implications of technology implementation (Murphy et al.,
2009). The key considerations for ApT development and implementation are presented in Box 2.5.

Table 2.2 Summary of ReGenSan Principles and Interpretation.

S/////No Regenerative Sanitation
Principles

Summary Interpretation

1 Appropriate technology
(ApT)

Technology that is appropriate for particular ‘place’ and ‘scale’.

2 Biomimicry and Biophilia
(BaB)

Sanitation solutions/strategies that mimic and support natural
systems.

3 Fit-for-purpose governance
(FPG)

Governance mechanisms that fit ‘place’, ‘scale’ and purpose for
functional, efficient and effective sanitation requirement.

4 Hybridized solutions (HS) Sanitation solutions that could synergize centralized and
decentralized options to deliver effective and efficient services to
particular ‘place’ and ‘scale’.

5 Notransfer of-burden
(NToB)

Sanitation solutions that do not transfer health, environment,
social, economic and ecological burdens to society.

6 Systemic holistic
integration (SHI)

Sanitation solutions that interconnect and synergize subsystems,
dimensions and components to achieve functional, efficient, and
effective whole systems.

7 Place and scale (PaS) Sanitation solutions that indigenously align to location (place) and
sites (scale) for optimization.

8 Participation and
partnership (PaP)

Sanitation solutions that involve stakeholders at all spheres and
levels of localized contexts.

9 Recycling and safe reuse
(RaSR)

Sanitation solutions that recover and safely reuse valuable
resources from by-products of human digestion.

10 Rehabilitation of
dysfunctional facilities
(RoDF)

Sanitation solutions that rehabilitate and retrofit dysfunctional,
unimproved and ageing infrastructure

BOX 2.5 KEY CONSIDERATIONS FOR ApT DEVELOPMENT AND IMPLEMENTATION

Key considerations for ApT development and implementation include but are not limited to:

(I) Meeting basic needs of users,
(II) Sound and quality technology,
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A condominial sanitation model in Brazil could effectively illustrate the ApT principle. This model
differs from conventional sewer models that service individual housing units in that it delivers services
to each housing block or any group of dwellings that could be termed a neighbourhood unit or
‘condominial’. Thus, public networks no longer need to run through every plot of land present on every
street, as a single connection point is provided for each city block. In addition, much closer relationships
between service providers and users encourages the two parties to come to an agreement that facilitates
service expansion and adaptation to local needs and constraints (Melo, 2005). This community-based
approach to urban sanitation illustrates a shift from conventional sewage technology to a technically
equivalent and lower-cost alternative system. The lower costs arose from the use of sound technical
standards based on current scientific and technical research as well as current experience and innovation
to fit the ‘place’ and ‘scale’ rather than the use of low-quality and substandard materials. This approach
has been used to provide sanitation services to 2 million residents of Brasilia State for more than 10
years. Within this period, 121,000 homes were linked to the condominial system, using 1300 kilometres
of condominial branches and more than 600 kilometres of public networks at average costs per person of
USD 27 and per metre of sewer network of USD 16 (UN Millennium Project, 2005). Standard and
quality is not compromised, but users’ pay is minimized through the shared costs that spread the cost
over every household covered.

2.4.2 Biomimic and biophilic (BaB)
The BaB principle focuses on human relationships that seek to utilize knowledge, solutions, mechanisms,
strategies and principles found in nature to advance and foster better sanitation technological solutions and
management (Badarnah & Kadri, 2015). Biomimicry designs innovation through the emulation of
biological forms, processes, patterns and systems aimed at providing sanitation-technology solutions and
management (Kennedy & Marting, 2016) and uses analogies to biological systems to develop solutions
to tackle sanitation challenges (Gamage & Hyde, 2012; Helms et al., 2009). In addition, it emulates
natural processes to create efficient and innovative sanitation solutions using nature as a model, mentor
and measure (Benyus, 2002). BaB advocates for a paradigm shift from sanitation systems that focus on
end-off-pipe to that which replicates and intensifies the processes of nature in organic recycling (Lyle,
1994). Biophilia is an innate human inclination to affiliate with the natural world and is instrumental in
promoting people’s health, fitness and well-being. It recognizes that nature contributes to humanity’s
well-being and helps productivity and creativity, as well as seeking to incorporate an understanding of
the processes of human psychological connections into sanitation-technology solutions and management.
It is not just about mimicking nature, but is also about copying or learning from principles of nature such
as self-organization, self-regulation and self-evolution. It also aims to adopt the characteristics of
adaptability while supporting nature to do its work through sanitation-technology and management

(III) Flexible and restorative technology,
(IV) Meeting local capabilities by utilizing local materials and resources,
(V) Affordability and sustainability,
(VI) Encouraging local participation and partnership,
(VII) Psycho-social, cultural, religious and ecological appropriateness,
(VIII) Encouraging resource recovery and reuse,
(IX) Design consistent with ecological principles, and
(X) Gender and vulnerabilities considerations (Murphy et al., 2009).
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solutions, recognizing that sanitation can impact positively on communities when it is designed to work in
partnership with nature (Dias, 2015; Kellert, 2012, 2016; Kellert & Wilson, 1993; Wilson, 1984). Several
strategies have been developed for design concepts inspired by nature, but the two most common
approaches are:

(I) Problem-based approaches, which is a top-down strategy that seeks solutions from nature for a
particular engineering problem (Badarnah & Kadri, 2015; Baumeister, 2012; Gebeshuber &
Drack, 2008; Speck et al., 2006; Vattam et al., 2007), and

(II) Solution-based approaches; that is, bottom-up strategies inspired by observations of nature, which
lead to a technological design (Badarnah & Kadri, 2015; Baumeister, 2012; Gebeshuber & Drack,
2008; Speck et al., 2006; Vattam et al., 2007).

The BaB principle incorporates understanding of the natural systems into the design and development of
sanitation technologies and management solutions (Kellert, 2016) and reflects respect and affinity for the
ingenuity and intelligence of solutions hammered into a species’ genes through countless and cyclical
adaptations.

This calls for a basic reform in the prevailing paradigm that governs linear sanitation systems, to a more
cyclical form of sanitation. The principle of BaB is designed to ensure that sanitation technologies are
consistent with ecological engineering principles (Bergen et al., 2001) and enhances the capability of
natural treatment systems such as the adoption of wetland treatment systems for sanitation solutions
(Mitsch, 1993; Mitsch & Jørgensen, 1989, 2003; Todd & Josephson, 1996; Todd & Todd, 1980, 1984,
1994). It embraces the need for advanced science and technology that can point the way towards
achieving mutually beneficial sanitation infrastructure and management solutions (Kellert, 2016). BaB
application is aimed at providing innovative sanitation solutions by adopting the natural principles of the
ecosystems by following some primary steps, presented in Box 2.6.

A close illustration of the BaB principle is the ‘flower and the butterfly’ constructed wastewater wetland
treatment system used in the rehabilitation of the badly damaged wastewater treatment system in the Phi Phi
Island tourist centre of Krabi Province of southern Thailand) after the tsunami disaster of December 2004.
Wastewater is fed to the flower vertical-flow (VF) and horizontal subsurface flow (SF) wetland units before
feeding to the butterfly Free Water Surface (FWS) wetland units (Figure 2.5, Koottatep et al., 2007;
Polprasert & Koottatep, 2017).

BOX 2.6 BaB PRIMARYAPPLICATION SOLUTIONS STEPS

BaB primary application solutions steps comprise:

(I) Identifying the troubled and needful areas,
(II) Exploring natural systems solutions,
(III) Extracting and investigating the most relatable options – often referred to as pinnacles,
(IV) Elaborating and analyzing the pinnacles for strategies and designs,
(V) Determining the practicalities and efficiencies of these strategies and designs,
(VI) Combining related strategies and designs to form synergistic linkages for fit-for-purpose

solutions,
(VII) Evaluating and validating the solutions, and
(VIII) Starting over and exploring more pinnacles of further improvement is needed (Badarnah &

Kadri, 2015).
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2.4.3 Fit-for-purpose governance (FPG)
The FPG principle ensures the adequacy and functionality of management and governance structures
and processes to deliver effective and efficient sanitation services and solutions (Rijke et al., 2012).
‘Management’ refers to activities of analyzing, monitoring, developing and implementing measures
aimed at enhancing the functionality of sanitation systems, while ‘governance’ takes into account the
different actors and networks that help formulate and implement sanitation policies and/or institutional
instruments as well as embracing the full complexity of regulatory processes and their interactions
(Pahl-Wostl, 2009). ‘Institutions’ refers to the body of rules, regulations and processes that guides
sanitation management actions and procedures as well as enforcement (Folke et al., 2007; North, 1990;
Ostrom, 1990; Pahl-Wostl, 2009; Scott, 2001). A management regime is the whole complex of
technologies, institutions (formal and informal rules), environmental factors and paradigms that work
together to form a base for the functioning of the management system targeted to fulfil societal functions
such as sanitation services (Pahl-Wostl et al., 2008). The failure of several sanitation solutions is a misfit
between the institutional arrangement, management regime and technological approaches as well as with
the psycho-social, cultural and ecological systems (Cookey et al., 2017; Galaz et al., 2008; Lebel et al.,
2013; Ostrom, 1990, 2010; Young, 2002a, b; Young et al., 1999).

Young (2002a, b) identified functional misfit as a substantial contributory factor to the deterioration of
quality of the ecosystem due to poor management. The major drawbacks of existing sanitation institutions
are the challenges of fragmentation that manifest in duplication of responsibilities, cross-implementing
agencies, overlaps or gaps in authority, as well as poorly designed or total absence of adequate and
proper sanitation legislations and policies. Other drawbacks are the inability of laws to support more
adaptive and flexible frameworks for improved sanitation service delivery (Clarvis et al., 2014;

Figure 2.5 Application of the principle of biomimicry and biophilia in flower and butterfly constructed
wastewater treatment wetland system design (Source: Koottatep et al., 2007; Polprasert & Koottatep, 2017).
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Cookey et al., 2015, 2016a, b, c). The key factors for the achievement of FPG for the ‘place’ and ‘scale’ are
presented in Box 2.7.

FPG should be able to capture the synergistic linkages between all management and governance
components as well as determine the local contexts, especially the prevailing regulatory environment,
including national and local policies and legal and institutional frameworks (Cookey et al., 2016b,
c, d; Ross et al., 2014). The main idea behind FPG is that sanitation technology and management
solutions should properly address the local circumstances in question in order to enhance efficiency
and effectiveness of sanitation solutions and service delivery (Cookey, 2016a, b; Ostrom, 2005, 2010).
Sanitation implementation will require effective and efficient governance, management and
institutional arrangements that are tailored to fit the psycho-social, cultural, economic, geographical
and ecological systems of the ‘place’ and ‘scale’ (Moss, 2007, 2012). In this regard, adaptive and
flexible policy and regulatory instruments should be provided for sani-sheds to support the dynamics
of solution management.

2.4.4 Hybridized solutions (HS)
The HS principle seeks to systematically integrate and combine decentralized sanitation facilities (DSF),
satellite sanitation facilities (SSF) and centralized sanitation facilities (CSF) into one operating system in
sani-sheds and/or sewer sheds (Daigger & Crawford, 2007). The inter-synergistic combination of
centralized systems designed for the treatment of by-products of human digestion (excreta and urine),
through large-scale sewer networks with low end-user involvement and the decentralized ‘standalone’
systems (on-site sanitation systems) that do not need connection to larger infrastructure with high

BOX 2.7 KEY FACTORS FOR FPG

The key factors for FPG comprise:

(I) Understanding the peculiarities and unique features of the ‘place’
(II) Socio-economic and cultural considerations of the ‘place’
(III) Delineation of sani-sheds
(IV) Specific and clear standards and regulatory framework for ‘place’ and ‘scale’ and sani-shed

levels
(V) Compliance and enforcement framework
(VI) Specific and unambiguous policy instruments
(VII) Coordinating and harmonizing agency
(VIII) Stakeholder engagement, business and industry partnership
(IX) Leadership and management
(X) Research in partnership with policy and practice
(XI) Capacity development and expansion
(XII) Funding and financing mechanism
(XIII) Monitoring and evaluation
(XIV) Information and knowledge sharing
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end-user involvement, will result in optimized technical, social and economic benefits, increased system
security and sustainability (van Vliet et al., 2011). Decentralization utilizes the management of small
flow through processes that operate closer to natural and ecological systems, while centralized processes
utilize high-rate flows that accomplish bulk treatment on a short timescale and small footprints. The
combination of these two strategies creates opportunities in the sani-sheds that provide needed cost
savings through the reduction of sewer-network expansions (Gikas & Tchobanoglous, 2009;
Tchobanoglous & Leverenz, 2013).

HS supports rehabilitation of dysfunctional sanitation systems whether centralized, decentralized,
clusters and/or individual treatment technologies to fulfil the minimum requirements of ReGenSan. It is
characterized by the comprehensive rejuvenation and revitalization of the entire spectrum of sanitation
infrastructural and management solutions at place/scale through inter-synergistic linkages of all
sanitation ancillary facilities to optimize system performance and enhance benefit-sharing. It also seeks
to provide an adequate environment for a combination of solutions, technologies, strategies and
decision-making structures to create a better fit with the pyscho-socio-cultural, economic, geographical
and ecological systems. This principle lowers entry cost for sanitation solutions, increases flexibility and
adaptability to demographic changes and opens up possibilities in resource management, nutrient and
energy recovery and greenhouse-gas emission reduction. It also defers augmentation of existing
infrastructure as well as staggering infrastructure investments (Burkhard et al., 2000; Carragher et al.,
2012; Christian-Smith & Gleick, 2012; Daigger, 2009; Daigger & Crawford, 2007; Kluge &
Moser-Nørgaard, 2008; Wolf & Störmer, 2010). HS decreases resource consumption through reduction
of conveyance requirement and offers the same high standards and flexible solutions wherever certain
thresholds of population density are exceeded (Bieker et al., 2010; Sapkota et al., 2015; Weber et al.,
2007). The future application of HS is anticipated to occur at a more rapid pace compared to the recent
past for a variety of reasons, presented in Box 2.8.

Recent sanitation management research has explored the potential of the HS principle in the developed
(European) and developing (east Africa) countries through applying the ‘modernized mixture’ approach.
The modernized mixture approach (MMA) is a sociotechnical configuration of sanitation infrastructures
of various scale and types of technologies (centralized and decentralized), level of consumer involvement
and multilevel governance and management, as well as separation or combination of wastewater flows.
These main clusters of variables could categorize sanitation systems (Figure 2.6, Hegger, 2007; van Vliet
et al., 2010, 2011). MMA aims to bridge the gap between proponents of the views ‘large is robust and
efficient’ and ‘small is beautiful’ that have dominated the debates on infrastructural renewal for a long
time. The approach postulates that there is no single sustainable solution, but various solutions, whose
applicability depends on the ‘place’ and ‘scale’ (Hegger, 2007).

BOX 2.8 REASONS FOR FUTURE GROWTH OF HS

Reasons for future growth of HS include but are not limited to:

(I) Population growth and distribution patterns,
(II) Climate change,
(III) Long-term water shortages, and
(IV) Need to recover energy and resources (Tchobanoglous & Leverenz, 2013)
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2.4.5 No-Transfer-of-burden (NToB)
The principle of no-transfer-of-burden aims at promoting sanitation systems that do not impact negatively
on the ecosystem, sociocultural factors, economy and public health of the place, while reducing wastewater,
faecal sludge and energy burdens for human waste treatment and transportation. This principle requires that
sanitation management should be confined to the sani-sheds by ensuring that issues such as wastewater,
faecal sludge, resource recovery etc. are contained and managed within the sani-shed, thus reducing
materials transfer for treatment at another location. It also advocates separating human waste from other
wastes and aligns sanitation facilities with ecological processes to ensure ‘zero’ or ‘near minimal’
discharge so as to ensure that sanitation systems provide net benefits to the people and environment.
NToB seeks to prevent and stop further damage and harm of ecological systems and human society from
sanitation technologies and management solutions. It works to balance societal, economic, health and
environmental interests while at the same time meeting core sanitation values of providing ambient
infrastructural solutions and management to fulfil human physiological needs (defecation and urination).

The disease burden from poor sanitation and hygiene as well as unsafe water has been estimated to be
one-tenth of the global burden of diseases (Fewtrell et al., 2005, 2007; WHO, 2007). This impacts
negatively on the society and the economy by causing around 1.6–2.5 million deaths annually (Kosek
et al., 2003; LIXIL et al., 2016; Mara et al., 2010; Mathers et al., 2006; WEDC & DFID, 1998). The
burden of sanitation due to lack of access to improved sanitation cost the world about USD 222.9 billion
in 2015, up from USD 182.5 billion in 2010, a rise of over USD 40 billion in just five years. This figure
constitutes an average 0.9% of gross domestic product (GDP) of the Latin America, Caribbean, Africa
and Asia Pacific countries impacted by poor sanitation, which is a modest decline from 1% GDP five
years ago (LIXIL et al., 2016).

Figure 2.6 Modernized mixtures sanitation approaches (adapted from van Vliet et al., 2011). Note: (A)
conventional systems are found in the clustering of values at the top of the diagram: central organization,
large-scaled systems and low user involvement; (B) alternative systems are to be found at the opposite
end of the diagram: small-scale systems, responsible users, decentralized organization; and (C) various
combinations of social and technical variables make up ‘modernized mixtures’.
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Studies have shown that several sewerage systems globally discharge sewage without treatment and
as a result more than 50% of the world’s rivers, oceans and lakes are polluted with untreated wastewater;
and on-site sanitation systems characterized by high rates of failure and absence of technological
improvement rates, especially in the developing countries, add to this burden (Baum et al., 2013; Brown &
Root, 2001; Cookey et al., 2016d; Jones et al., 2004; Siegrist et al., 2000; Starkl et al., 2013, 2015). To
eliminate the above challenges, sanitation technology and management solutions should be approached
with the NToB principle and from localized pyscho-socio-cultural-economic, ecological, geographical,
resource recovery and technology perspectives; and within the technology (Box 2.9)

These approaches shall ensure that sanitation facilities isolate and/or destroy the pathogens to break
the transmission pathway and ensure that valued resources are recovered and reused. Also, NToB shall
seek to ensure that sanitation infrastructure is designed, developed, constructed, operated and
maintained based on well-established guidelines and standards. The key success factors for NToB are
presented in Box 2.10.

BOX 2.10 KEY SUCCESS FACTORS FOR NToB

The key success factors for NToB comprise:

(I) Zero failing and dysfunctional systems
(II) Drastically reduce transportation of faecal sludge from one location to another
(III) Encourage sanitation management within sani-sheds
(IV) Ensure that only unusable parts of recycled materials are released into the ecosystem
(V) Encourage reuse within sani-sheds to reduce transportation of faecal sludge from one

sani-shed to another
(VI) Ensure periodic operations and maintenance of sanitation infrastructure, especially

decentralized facilities, to avoid failure and dysfunction
(VII) Provide specific risk-based guidelines, standards, regulations and certification schemes for

design, construction, installation, operations and maintenance of on-site systems to ensure
facility integrity and proper asset management

BOX 2.9 REQUIREMENTS FOR IMPLEMENTATION OF NToB

Requirements for implementation of NToB shall comprise:

(I) Continuous maintenance and improvement of the currently adjudged existing-improved
systems,

(II) Retrofitting and rehabilitation of unimproved and dysfunctional infrastructure, and
(III) Emerging novel solutions that reduce burden transfer and ensure net-benefit-sharing.
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2.4.6 Systemic holistic integration (SHI)
The SHI principle aims at integrating technology, social, economic, ecological, geographical and
environmental perspectives into comprehensive sanitation design solutions. This approach encourages
the participation of and development of partnerships between actors from a variety of backgrounds,
disciplines and sectors to develop innovative sanitation solutions (Charnley & Lemon, 2011; Coley &
Lemon, 2008; Stasinopoulos et al., 2009). Dynamic-complex sanitation problems that span
technological, environmental, geographical, social and economic phenomena will necessarily require the
views of experts from multiple disciplines and the use of transdisciplinary skills (Charnley & Lemon,
2011). The complexity of facilitating sanitation innovations cannot be brought about through
technological, health and hygiene innovations alone, but requires mutually reinforcing institutional and
socio-cultural-technical transformations (Geels, 2005; Lopes et al., 2012). Technological systems, of
course, also need to be understood, addressed and measured; they are still important but just not
sufficient enough to deliver the needed access expansion and service improvement for the sector.
Sanitation technologies, then, should be systemic, holistic and integrative, with the capacity to align with
nature’s principles, and should be psycho-socio-culturally acceptable, economically affordable and
environmentally friendly (Illich, 1973; Mara, 2003; Pattnaik & Dhal, 2015; Schumacher, 1973;
Semiyaga et al., 2015; Simiyu, 2017; Willoughby, 1990).

SHI discourages the current dichotomy of centralized and decentralized technologies among sanitation
practitioners; rather, it encourages harmonious integration by tapping into the adoption of hybridized
solutions. When sanitation practitioners understand that the acts of defecation and urination are more
about the physiological need to remove by-products of digestion (excreta and urine) than anything else
and that these by-product are a resource, then the scope of sanitation work will expand to include
broader systemic, holistic and integrative approaches (Reed, 2007). This will transform the ways
sanitation is considered, practised, designed and developed (Dubrovsky, 2004; Reed, 2007; Seiffert &
Loch, 2005). In conventional sanitation management approaches, excreta and urine technologies for
generation, storage, conveyance, treatment, recovery, reuse and final disposal are planned as independent
operations. However, all seven are very closely interlinked and each component can influence the others.
The planning for these operations requires a balance between the subsystems of population growth, land
use patterns, urban growth and development, agricultural production, water resources and environmental
and public health considerations (Clark, 1978). This shows the complex interactions between the
physical components of the system, and conceptual components of the social and environmental spheres
(Seadon, 2010). When sanitation is viewed from systemic-holistic-integrative angles, the relationship
between system parts is revealed and the potential for greater sustainability is enhanced (McDougall
et al., 2001). It incorporates perspectives that promote enabling environments that support frameworks
for the uptake of sanitation technology and management solutions, including political, legal, institutions,
financial, educational, technical and social conditions (Tilley et al., 2014a).

SHI strives for integration of the many interrelated processes and entities that make up sanitation
technology and management solutions (Marshall & Farahbakhsh, 2013; McDougall et al., 2001;
Morrissey & Browne, 2004; Petts, 2000; Thomas & McDougall, 2005; van de Klundert & Anschutz,
2001), which ensures that sanitation solutions are tailored to specific ‘place’ and ‘scale’ goals by
incorporating peculiar and contextual perspectives and needs (Kollikkathara et al., 2009; McDougall
et al., 2001; van de Klundert & Anschutz, 2001). Sanitation systems that ignore psycho-socio-cultural
components, users’ acceptance, public participation and partnership, technical and economic aspects of
sanitation are bound to fail (Carabias et al., 1999; Dijkema et al., 2000; Henry et al., 2006; Marshall &
Farahbakhsh, 2013; Morrissey & Browne, 2004; Petts, 2000) (Box 2.11).
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This principle was used in the ‘Funny Dunny’ project involving collaboration with a broad range of
interdependent stakeholders involved to operationalize the urine-diversion (UD) sanitation system in
Sweden. The project modelled complex institutional arrangements at the meso-level (population size that
falls between the micro- and macro-levels, such as a community or an organization) of the sanitation system.
The project was able to identify the enabling conditions for new infrastructural planning processes,
sympathetic regulatory and legal frameworks; altered user practices; and recast cultural meaning in the
sanitation, water, agricultural and horticultural sectors and beyond (Lopes et al., 2012; Sankaran et al., 2010).
SHI shows that integration of stakeholders across disciplines as well as at governmental level is central to
well-functioning sanitation technological design and management solutions (Charnley & Lemon, 2011).

2.4.7 Place and scale (PaS)
The idea of ‘place’ is the envisioning of the alignment of humans to psycho-socio-cultural, economic,
ecological, social and natural systems (Mang et al., 2016; Zari & Jenkin, 2010). In each ‘place’ and
‘scale’ on earth, natural and cultural systems express themselves uniquely and differently, which implies
that sanitation systems should be tailored to the unique characteristics of the ‘place’ by exploring the
opportunities and solutions that are indigenous to that specific ‘place’ (location) and ‘scale’ (site), which
ReGenSan refers to as ‘sani-sheds’. ‘Place’ is a multilayer network of living systems within a
geographical region that results from the complex interactions, through time, of the natural ecology
(climate, mineral and other deposits, soil, vegetation, water and wildlife, etc.) and culture (distinctive
customs, expressions of values, economic activities, forms of association, ideas for education, traditions,
religion etc.) (Cole, 2010; Dias, 2015). The issues of scale concern space, time, system levels and the
importance of designing solutions and management for sanitation services (Hoxie et al., 2012). PaS is
the starting point for articulating and designing sanitation solutions because it is linked to households,
apartment buildings, neighbourhoods, political wards, schools, functional buildings (e.g. power plants)
and local and urban communities (Tainter, 2012), and is more encompassing, identifying ‘regions’,
urban centres, cities and very large-scale places like sani-sheds (Du Plessis, 2012; Svec et al., 2012).

Instructively, sanitation problems can rarely be solved at the household level alone, from where
materials such as wastewater, faecal sludge, etc. are exported to the neighbourhood, town or downstream
population. In such cases, it is crucial that sanitation boundaries be extended to include larger spatial
sections that take into account technology, management and governance components for storage,
collection, transportation, treatment, reuse and minimal discharge (Zurbrügg & Tilley, 2009). Sani-sheds
should be planned along hydrogeological/geographical boundaries or socio-cultural-political boundaries.
This is logical because it constitutes homogeneity of cultures and customs, demographical information,
livelihood activities, identification of felt needs and the removal of rural and urban dichotomies.

BOX 2.11 APPLYING WHOLE-SYSTEM DESIGN IN SHI

The SHI principle can be illustrated by the application of the ‘whole-system design’ approach, which
seeks to integrate social, economic and environmental phenomena into comprehensive sanitation
technological and management design solutions. The approach encourages the development of
partnerships between experts and professionals from a variety of different backgrounds, disciplines
and sectors to develop and implement innovative ReGenSan solutions (Charnley & Lemon, 2011;
Coley & Lemon, 2008; Stasinopoulos et al., 2009).

Regenerative sanitation foundations 57

Downloaded from http://iwa.silverchair.com/ebooks/book/chapter-pdf/869426/9781780409689_0035.pdf
by guest
on 22 May 2023



The main benefit of sani-sheds is the economics of scale for resource mobilization, as well as
net-benefit-sharing: participation and partnership for efficient and effective management of sanitation
systems. It has the added advantage of maximization of resources, enhanced resource recycling and safe
reuse, respect for diversity, energy recovery, conservation and infrastructural rehabilitation and
maintenance (McDonough & Braungart, 2002; Thayer, 1994).

Sanitation, from a sustainability approach, should involve environmental, cultural, social and local
perspectives. Studies have shown that technological sanitation solutions that improve environmental and
human health are not sufficient and adequate for concrete application. This is because solutions that
emerge from local contexts, using appropriate technology that mimics the ecological systems of the
‘place’, will guarantee the widest local ownership, especially when they are supported by local
authorities (Andersson & Minoia, 2017). The ‘place and scale’ principle ensures that sanitation systems
function in close concert with natural and societal processes and within a range of local environmental
and governance conditions to provide solutions at scale in sani-sheds and takes into account the
psycho-social, cultural, economic, geographical and ecological systems to support resource recovery at
source and safe reuse (Spaargaren et al., 2007). A soil-based absorption sanitation system that works
well on one soil type or geological structure may not work at all in another. Thus within a regional
system there might be several different technologies in operation, with each responding to local
conditions, but playing its part in the larger whole (Lyle, 1994). On the other hand, contexts relate to
place in that common peculiarities of different specific locations are considered. Tilley et al. (2014a, b)
noted that acceptance of any technology or practice is inherently contextual and not necessarily
guaranteed. They noted that waterless technologies based on separation and dehydration have ecological
benefits, but may not meet cultural expectations in communities that use water for anal cleansing.

For illustrative purposes only, the siting of the natural sewage treatment at the Lyle Center for
Regenerative Studies of the California State Polytechnic University, Pomona, USA could be considered
as related to PaS. This siting was due to unusual topographic conditions whereby the valley slopes and
so water naturally settles there. In essence, wastewater can easily be channelled down the valley (rather
than up) for treatment and the treated resource can be used for aquaculture, irrigation for rice paddies
and other crops within the valley (Figure 2.7, Lyle, 1994).

Figure 2.7 Siting of the natural sewage treatment at the Lyle Center for Regenerative Studies, California State
Polytechnic University, Pomona, USA (Source: Lyle, 1994).
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2.4.8 Participation and partnership (PaP)
The PaP principle is essentially a recipe for successful implementation of sanitation programmes because
it advocates for needed solutions through the instruments of involvement, collaboration and engagement
of all stakeholders from all spheres of the society (Aggestam, 2007). In relation to sanitation services,
households and communities are increasingly considered as active participants in the development
process and should be engaged in making decisions concerning type of infrastructural programmes,
operations and maintenance, as well as ownership arrangement and cost recovery, they would support
(Christmas & de Rooy, 1991; Kvarnström et al., 2004; Najlis & Edwards, 1991; Rosenqvist et al., 2016;
White, 1981). Public participation of different stakeholders in the decision-making process introduces a
range of ideas, experiences and expertise that motivates the development of alternative sanitation
solutions and partnerships that provide a collaborative environment for actors from all spheres of the
society such as the state, markets, businesses, civil societies, community-based organizations, etc.
(Cookey et al., 2016c; ILECF, 2005; van Huijstee et al., 2007).

Participatory processes are fundamental, starting from respect for local cultures, traditions and norms and
the recognition of users as agents of change rather than simply customers of solutions identified elsewhere
(Andersson & Minoia, 2017). PaP is supported by Principle 10 in the Rio Declaration on Environment and
Development (UNCED, 1992), which states that environmental issues are best handled with the
participation of all concerned citizens, at the relevant level. This is further enhanced by the UN
Convention on Access to Information, Public Participation in Decision Making and Access to Justice in
Environmental Matters (UN Convention, 1998). Partnerships were also declared an important tool for
implementing sustainable development at the 2002 World Summit on Sustainable Development (WSSD)
in Johannesburg (Eweje, 2007; Hens & Nath, 2003; Norris, 2005); and the SDG no. 6 targets support
strengthening stakeholders’ participation and partnership as well as expanding international cooperation
and capacity for improving technological and management solutions, especially in developing countries
(United Nations, 2015).

The PaP principle aims to facilitate better implementation of sanitation solutions and ensures
institutional effectiveness through support and cooperation of involved parties and the resulting input
of knowledge (Cookey et al., 2016c; Luyet et al., 2012; Rowe & Frewer, 2000). It is proactive in
creating an enhanced broad understanding of objectives, problems and solutions among various actors
and stakeholders. PaP intends to create more informed operative decisions, provide a more solid
base into policy outputs, enable interested parties to share knowledge and encourage government
agencies to develop mechanisms that will blend the psycho-social, cultural, ecological, geographical,
scientific and technological elements towards the aspirations of ReGenSan (Appelstrand, 2002;
Nelson, 1995). PaP policies, practices and techniques should ensure that citizens and communities,
individuals, groups and organizations have the opportunity to engage meaningfully in the process
of decision-making as well as the design and management of their sanitation infrastructure and
services.

The PaP principles could be illustrated in some cases in Sweden, where farmers were involved as
stakeholders and partners in a sanitation recycling system that used excreta nutrients as fertilizer. The
farmers participated in the initial planning and then transitioned to being business partners with the
technology-provider and government agency to distribute and spread the recycled product on farmland.
This was key to the success of seven Swedish urine-recycling sanitation systems. Two of these systems
recycled blackwater (i.e. toilet wastewater), one system recycled a mixture of source-separated urine and
blackwater and one system recycled sewage sludge (Box 2.12, Tidåker, 2007).
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The farmers were required annually to submit documentation on which urine installation they had
emptied (Jönsson et al., 2010; Tidåker, 2007; van Vliet et al., 2011). This illustration clearly shows how
the PaP principle can synergize ReGenSan with regenerative agriculture and aquaculture. In addition, the
farmers acquire a new line of business, which opens up job opportunities and other lines of ancillary
businesses – even as they also get to access organic fertilizer for their farmland.

2.4.9 Recycling and safe reuse (RaSR)
The RaSR principle advocates for recovery and reuse of valuable resources from materials or constituents of
human disposal such as urine, faeces, brownwater, beigewater (anal cleansing water) and greywater. The
sanitation systems are expected to contribute to the provision of resources for livelihood support in
communities, minimize natural resource depletion and environmental degradation and mainstream
benefit-sharing into sanitation technological solutions and management. The principle is designed to
achieve a vision for resource efficiency and cradle-to-cradle management as in the circular economy, and
change how human waste is managed across the spectrum of the sanitation cycle, thus moving away
from the ‘cradle-to-grave’ syndrome (Brands, 2014; Esrey, 2001, 2002; Lens et al., 2001; McDonough &
Braungart, 2002; SuSanA, 2008; Larsen & Gujer, 2013). The regenerative science cycle of
‘cradle-to-cradle’ is driven by the underlying desire to grow and develop, to generate and regenerate
highly efficient systems of metabolism and flows of nutrients for which the concept of waste does not
exist (de Macedo Guimarães, 2012; McDonough & Braungart, 2002). RaSR ensures that valuable
products present in excreta and wastewater such as nutrients – N (nitrogen), P (phosphorus), K
(potassium), S (sulphur) – water and soil amendment materials contribute to resource efficiency and food
security as well as energy recovering and capturing from organic matter (Anderson et al., 2016a, b;
Polprasert & Koottatep, 2017; Rittmann, 2013; Tilley, 2013). It supports a transition from waste that
needs disposal toward creating a valuable resource that can benefit farmers, create jobs and generate
energy and funds to improve the sanitation service chain (Murray & Buckley, 2009; Rao et al., 2016,
2017). To further advance and support resource recovery in sanitation spheres, the World Health

BOX 2.12 SWEDISH FARMERS’ PARTICIPATION IN URINE-RECYCLING
SANITATION SYSTEM

In 1999, 22 households using urine-separating toilets in the Haga-Ecovillage, Uppsala, initiated early
contact with cereal production farmers within the neighborhood. The farmers accepted the urine only
when paid the cost for the spreading (Jönsson et al., 2010). In 2006, about 130 households had
urine separation systems in Norrkoping, and in the same manner early contact was made with
farmers, who stored the urine and reused it in the spring, but without any payment either way
(Jönsson et al., 2010; van Vliet et al., 2011). Also, in 1998 Tanum municipality, Sweden, started to
require urine separation for all new houses with on-site sanitation systems, and in 2006 there were
more than 400 permits issued for urine separation systems. The municipality established contact
with farmers at an early stage too, and seven farmers were engaged as entrepreneurs for collection,
storage and spreading. The farmers charged the households for emptying the urine, and if
households contacted the municipality a higher rate was charged, steering the households back to
the farmers. The farmers were free to set their fee and thus the fees varied. Some of the farmers
also collected and used blackwater from different households as fertilizer (Tidåker, 2007).
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Organization (WHO) developed guidelines and standards for the use of sanitation resources (excreta,
wastewater and greywater) in agriculture and aquaculture (USEPA, 2012; WHO, 2006a, b, c, d). In
addition, this principle is in consonance with the SDG no. 6 target 3, which advocates for pollution
reduction, eliminating dumping and halving the proportion of untreated wastewater as well as
substantially increasing recycling and safe reuse technologies globally (United Nations, 2015).

RaSR ensures that resource flows provide multiple human and ecological benefits by maintaining and
enhancing the quality of the input products (constituents of human waste) and output products (nutrients,
energy, water resource and soil organics) to make sure that they do not degrade natural systems during
generation, while they replenish and assimilate to build natural capital (Cole, 2012). RaSR is also a basic
concept of ecological sanitation (EcoSan), resource-oriented sanitation (ROS), source separation and
decentralization (SSD) and decentralization sanitation and reuse (DESAR), all of which contribute
effectively and efficiently to pollution control by recycling pollutants into valuable products instead of
discharging them into the environment (Brands, 2014; Esrey, 2002; Larsen et al., 2009; Larsen & Gujer,
2013; Larsen & Maurer, 2011; Lens et al., 2001; Tobias et al., 2017). Thus, the next generation of
sanitation infrastructure that provides improved sanitation facilities and expands access should strive
toward greater efforts and sociotechnical innovations for resource recovery and safe reuse opportunities
to users (Simha et al., 2017).

The RaSR principles could be illustrated by the estimated economic benefits from resource recovery,
generated in an exercise in Vientiane, Lao PDR (one of the CityBlues++ project, Figure 2.8). The city
population was estimated to be 760,000 and the water-saving potential with low-flush/waterless urinals
was about 13,700 m3/day; the agricultural potential using biogas digestate and urine as fertilizers was
40,000 ha. of rice cultivation, reduced CO2 emissions due to substitution of mineral fertilizer and diesel
was 44,000 tons CO2/year and energy potential for transport sector for organic waste was 10,000 km of
bus travel per day (adjusted for energy consumption due to increased transport in waste collection)
(Andersson et al., 2016b).

Figure 2.8 Potential added value of resource recovery in the city of Vientiane (Source: Andersson et al.,
2016b).
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2.4.10 Rehabilitation of dysfunctional facilities (RoDF)
RoDF refers to the application of repair, renewal, retrofitting and replacement technologies in an
effort to return functionality to sanitation infrastructures (USEPA, 2007, 2009). This principle aims at
addressing upgrading and retrofitting of dysfunctional, disused and unimproved sanitation facilities
and basic sanitation systems to safely manage sanitation. It addresses the challenges of faecal sludge
management from on-site sanitation systems and retrofit resource recovery and energy-saving into
conventional sanitation systems. It also includes the mitigation and remediation of sites that were
polluted, degraded and damaged by existing sanitation practices (Mang & Reed, 2012a, b; Jenkin &
Pedersen, 2009). RoDF became necessary in view of the large population (2.4 billion) without
adequate and functional sanitation infrastructures, especially in developing countries of Latin America,
Caribbean, Africa and Asia Pacific impacted by poor sanitation (JMP, 2015; WHO & UNICEF,
2017). Structural inadequacies, material degradation, poor construction and workmanship and
ageing centralized sewage treatment facilities in developed countries, as well as lack of operations
and maintenance cultures, are of great concern (Brikke, 2000; Brepolsa et al., 2008; Cookey et al.,
2016d).

Clearly, rehabilitation of dysfunctional and unimproved sanitation infrastructure is crucial to meeting
SDG no.6 and its targets, especially in addressing the backlog of people with inadequate sanitation
systems in developing countries. The principle is capable of moving these huge numbers of people with
inadequate sanitation facilities up the rung of the sanitation ladder to functional, safely managed systems
(Kvarnström et al., 2012; Exley et al., 2014). A malfunctioning system is a risk to ecological systems,
public health and environment and reoccurring problems create further complications if they are not
quickly attended to. Effective and efficient rehabilitation systems require the recognition of symptoms of
malfunctioning at an early stage, identification of the cause of the problems and repairs with appropriate
measures (Ulrich et al., 2009). The pressing goal is to understand better why these system failures occur
and how they could be avoided in the future (Starkl et al., 2013). Rehabilitation of sanitation
infrastructures has been well defined and standardized with centralized systems, but poorly applied in
sewer systems in developing countries. It is even less so for decentralized systems, which are poorly
defined, non-standardized and in most cases totally absent, resulting in a large quantity of sanitation
infrastructure that does not function adequately (Baum et al., 2013; Starkl et al., 2013; Cookey et al.,
2016d). The aim of this principle is to use the instrument of RoDF to expand access and improve
sanitation service delivery and reduce environmental and public health hazards, as well as improve
energy and water conservation (Dixon et al., 2014; Eames, 2011).

Several studies highlight the necessity of the RoDF principles as they note high levels of sanitation
infrastructures dysfunctionality in developing countries, with sub-Saharan Africa recording as high as
68% (Boulenouar & Gibson, 2015). Also, the results of an independent evaluation of case studies of
sanitation infrastructure projects in India, Mexico and South Africa (most of them implemented since
2000) demonstrated an ongoing problem of failing infrastructure even in economically advanced
developing countries (Starkl et al., 2013). Perhaps this principle might prove more cogent for
developed countries with a large quantity of ageing, inadequate and breaking sanitation infrastructure.
These evident failures prompted the South African government to refocus not just on building
infrastructure, but also on maintenance and rehabilitation of dysfunctional facilities. The result was the
introduction of asset management policies and guidelines as a recognized approach to maintaining
infrastructures and using sanitation facilities wisely in South Africa. These guidelines have been
implemented by local governments with varying levels of precision and enforcement (Boulenouar &
Gibson, 2015).

Regenerative Sanitation: A New Paradigm for Sanitation 4.062

Downloaded from http://iwa.silverchair.com/ebooks/book/chapter-pdf/869426/9781780409689_0035.pdf
by guest
on 22 May 2023



2.4.11 Systemic functioning of all parts
In concluding this section, it is necessary to restate that ReGenSan is more about a systemic and integrated
whole with less emphasis on unit technology and system. Even in the process of innovating unit systems, it
should still address the issue of how they fit into the bigger sani-shed system, while innovation or
rehabilitation of sanitation systems must also fit into the systemic whole. In short, the principles of
ReGenSan must operate in synergy with one another within the system of the ‘place’ and ‘scale’ in the
sani-sheds. Taking the principles in isolation is not ReGenSan because the process requires a
representation of each principle in symbiotic relationship with the others to fit the requirements of a
‘place’ and ‘scale’.

In the sani-sheds, for instance, there can be several appropriate technologies, but they must all work
systematically, integratively and synergistically to deliver smart services. Sani-sheds emphasize the
whole system and not any individual technology or system. In fact, the illustrations and examples
provided in the principles section do not exactly depict ReGenSan, but show the practicalities,
possibilities, opportunities and usability of these principles for sanitation technologies and management
solutions improvement. Consequently and reiteratively, these 10 principles are not designed to be used in
isolation, but symbiotically and integratively, for sanitation systems and solutions to be termed
ReGenSan. In this regard, they provide fodder for research into scenario development on the possibilities
and opportunities of ReGenSan and, in addition, they can be used as indicators for measuring ReGenSan
systems. However, the major challenge for ReGenSan will be the fact that sanitation practitioners and
professionals are more comfortable with reductionist-mechanistic thinking than systemic, holistic and
integrative thinking.

2.5 REGENERATIVE SANITATION PRACTICES
In the course of case explorations, we noticed that there are really no practices that could be said to be wholly
ReGenSan, although some have some regenerative elements. As investigations continue into ReGenSan,
core and particular practices shall be identified. Research and development will be needed to determine
what will give significant effect in a ReGenSan system; for instance, retrofitting practices for on-site
treatment, rehabilitation for dysfunctional infrastructure, upgrading of existing-improved facilities among
others. Some practices with ReGenSan elements are presented in Box 2.13.

BOX 2.13 SOME PRACTICES WITH ReGenSan ELEMENTS

Some practices with ReGenSan elements:

(I) Resource recovery and source separation,
(II) Energy and water conservation,
(III) Recycling and reuse of by-products,
(IV) Hybridized sanitation solutions and management,
(V) Integrating sanitation with agriculture and aquaculture,
(VI) Systemic, holistic and integrated management,
(VII) Evaluating functionality and not just availability,
(VIII) Respect for nature and geography,
(IX) Fit-for-purpose governance mechanisms,
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This is by no means a complete list, but these items (to a great extent) cover the range of regenerative
practices based on the principles highlighted. There are many sanitation management practices being
implemented; however, merging their rationale into a whole sanitation system can make a world of
difference.

2.6 REGENERATIVE SANITATION POTENTIAL BENEFITS
ReGenSan could yield several benefits such as:

(I) Reduce water use and energy conservation,
(II) Revitalize and reintegrate ecosystems and social systems,
(III) Strengthen and accelerate the path towards 2030 SDG no. 6 targets on sanitation,
(IV) Innovate and reinvent sanitation technology, service and management solutions to be apt and fit

for purpose,
(V) Improve national and local uptakes and selection of sani-solutions,
(VI) Support food sufficiency by contributing to regenerative agriculture,
(VII) Support the development of regenerative cities and even strengthen the cycle of circular

economy through a sanitation economy,
(VIII) Ensure resource recycling and safe reuse at all levels,
(IX) Support local livelihoods and enhance the health, environment, comfort and well-being of

served communities through net-benefit-sharing,
(X) Facilitate active stakeholders’ engagement, psycho-social and cultural management, wealth

creation and positive change in the communities (Cole et al., 2012).

ReGenSan is expected to be a catalytic driving force towards progressive change that could positively
impact the SDG no. 6 sanitation targets by 2030.

2.7 RETHINKING SANITATION
Approaches to providing sanitation solutions have been characterized with a high degree of fragmentation
and institutional gaps, which neglect systemic, holistic and integrated approaches that seek to provide
much-needed alternatives from solving sanitation problems at individual and/or household levels (which
results in more problems at other scales). For example, ending ‘individual open defecation’ at household
levels by building more toilets created more acute problems of ‘public open defecation’, that is,
indiscriminate disposal of untreated faecal sludge into the environment (water and land). This makes it
pertinent to approach sani-solutions from an integrated-systemic-holistic-hybridized perspective at
sani-sheds that could yield inter-synergistic benefits beyond the current fragmented and haphazard
service delivery norms. This implies that sanitation should no longer be reduced to just toilets and toilet

(X) Design and management based on peculiarities and conceptualities of specific locations
(place) and sites (scale),

(XI) Revitalizing and renewing the ecosystem,
(XII) Public and environmental health protection (hygiene, water quality, solid waste, etc),
(XIII) On-site and at-source treatment – with minimal transportation, and
(XIV) Recognition of psycho-social, economic, cultural, religious and geographical considerations.
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systems, no longer seen as isolated structures for defecation where products and by-products are considered
as waste and a source of nuisance that contaminate, pollute and degrade the ecological systems; but rather as
a catalyst for the transformation of a ‘place’.

Addressing sanitation regeneratively is viewing sanitation as a global system of human-societal-related
components including physical, social and ecological ones as well as technological components and their
interactions. The functional systemic perspectives of ReGenSan state that every aspect and level of
sanitation service delivery has to work and households, neighbourhoods, rural communities, urban
centres, cities, states, provinces and countries shall not be judged by the amount of available
infrastructure, but by the functionality of such infrastructure (that is, a rejuvenation and revitalization of
the entire spectrum of sanitation systems). Thus, ReGenSan involves integrating comprehensively
political, scientific, social, economic, cultural and technological strategies in a holistic and systemic
manner with the aim of providing solutions that are fit for particular locations (place) and sites (scale).
The subsequent chapters present the ReGenSan framework and practical descriptions of its dimensions
and implementation.

2.8 EXERCISES
(I) Create a scenario where culture, religion, status and income can impact sanitation technology

and service delivery.
(II) What do you understand by ‘place’ and ‘scale’ in the contexts of sani-sheds in sanitation

management?.
(III) In a maximum of 1,000 words, critically show the connections between ReGenSan theory,

principles, practices and benefits and their level of practicality.
(IV) Critically assess in 500 words how the assumptions and theoretical framework guided the

proposed theory and principles of ReGenSan. State your own theory of ReGenSan.
(V) Critically assess the ReGenSan paradigm and concept definitions in the light of the theory and

principles and show how this could affect sanitation management perspectives in the future.
(VI) Critically examine five possible technology and management innovative solutions that could be

derived from the principles and practices highlighted in this chapter.
(VII) Briefly expatiate on five of the ReGenSan principles and show what practices and innovations

are core to each principle as well as the interconnections between them.
(VIII) Explain the symbiotic and integrative pattern of the 10 principles and how they can innovatively

make up ReGenSan management.

2.9 RECOMMENDATIONS FOR FUTURE RESEARCH
The ReGenSan theory and principles are new and a lot of investigation and further research is still needed for
better appreciation and understanding of the concept:

(I) Explore the role of culture and religion in sanitation technology design and service provision.
(II) Explore the combination and balance between centralized and decentralized sanitation system

for ReGenSan hybridization programme.
(III) Explore the principles of ReGenSan and the kind of innovative solutions that could come out

of it.
(IV) A critical analysis of ReGenSan paradigm, theory and concepts.
(V) Explore the ReGenSan principle of NToB, ApT, SHI and PaS and its possible impact on

sanitation technological and management solutions.
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(VI) Investigate possibilities of appropriate technology for place and scale levels in sanitation
management.

(VII) Explore the fundamental connection of functionalism and system theory with complex-dynamic
systems like sanitation management and different levels of technology, governance, pyscho-
socio-cultural, economic, ecological systems and also holistically.

(VIII) Develop scenario management tool for ReGenSan systems for different types of sani-sheds.
(IX) Explore scenario development for ReGenSan at different levels, sani-sheds and scale.
(X) Explore ways that PaP and SHI in conjunction with FPG principles could impact community

livelihood and economic status.
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