
Chapter 10

Implementation of source
separation and decentralization
in cities

Tove A. Larsen and Willi Gujer

10.1 INTRODUCTION
In the next decades, global population growth will be dominated by an increasing
urban population. As seen from Figure 10.1, this growth will primarily take place
in “less developed” regions. Maintaining urban hygiene and healthy water
resources in these regions will be a formidable, expensive and time consuming
task. In Switzerland, water pollution control had a very high public priority in the
period from 1960 to 1990 and the construction of sewers and centralized
wastewater treatment plants was highly subsidized by federal and state agencies
in order to speed up the construction process. Nevertheless it took about 27 years
to increase the connection of the population and industry to first-generation
wastewater treatment plants (BOD removal only) from 10% to 90%.
Second-generation treatment, which includes nutrient removal, is still in progress.
Thus, experience tells us that under ideal conditions, in a rich country, with a
well established engineering community and well organized state agencies, the
establishment of efficient and stable wastewater treatment infrastructure is subject
to a time constant of at least 50 years.

Under economically and institutionally less fortunate conditions, the process of
developing such infrastructures will certainly take longer. Only the most efficient
solutions can help speed up this process and achieve implementation before the
local water resources become severely impaired. We are convinced that source
separation and decentralized treatment of domestic sanitary waste will contribute
significantly to a more rapid solution of these problems.
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Figure 10.1 Global development of urban and rural populations in millions (adapted 
from World urbanization prospects, the 2005 Revision). 

Source separation is not new; it has long been propagated as an inexpensive and 
environmentally friendly technology for the poor, especially in rural areas. 
However, as indicated above, population growth takes place in cities, so the 
severe consequences of poor sanitation on public health and the environment 
must also be dealt with in urban contexts. It is no coincidence that source 
separation and decentralization have historically only been considered in rural 
areas. A number of technical and organizational problems arise when these 
technologies are introduced into wban areas, and although it is often claimed that 
lack of sanitation is not a question of technology, but rather of organization, we 
believe that this is not true. Setting up resource-efficient urban water and waste 
management on a global scale will require the co-evolution of new technology 
and new organizational structures. 

Although the problems of urban water management in industrialized countries 
are dwarfed by those experienced in developing and rapidly industrializing ones, 
we also expect the industrialized world to profit from source separation and 
decentralization. Some of the severe problems normally associated with the 
global South are also encountered in industrialized countries, especially water 
scarcity and the difficulties of nutrient management (Cordell 2013; Erisman and 
Larsen 2013). 

When developing decentralized sanitation principles for wban areas, we have to 
be aware that this is not primarily a problem of making available a new type of toilet 
or small wastewater treatment plant, but rather of developing an entire cluster of 
technologies. Factors such as awareness by administrators, legal requirements, 
rules of trade, technology, organizations for construction and operation, 
acceptance by engineers, architects and the public, economic competiveness with 
alternative technologies, must all interact in order to make new sanitation 
principles possible (see also Truffer et al. 2013). The development of such 



principles is a question of decades. It cannot be generated in a single technology
cycle but will require improvements and adaptations over several cycles.
Those who work in this area should always remember that the development of
today’s centralized sanitation systems took over 100 years and they are still
not perfect.

Nevertheless, we are convinced that the process of developing decentralized
sanitation systems will be much faster than the previous process of developing
centralized ones. In fact, we are currently observing a very rapid transition
in the community of environmental engineers. We presented our first paper
on source separation in 1996 (Larsen and Gujer 1996) at an international
conference. At that time, our colleagues did not take us seriously, and only
very few friends felt the obligation to follow the presentation. Today, this paper
has been cited more than 100 times, which indicates a growing community of
scientists interested in different aspects of source separation and decentralized
sanitation.

Do not expect to find ideal solutions for decentralized urban sanitation in this
chapter, but rather accept that it will take decades to develop such perfection.
However, we are convinced that the time is right to start to implement such
technologies on a large scale. Our main aim is to point out what is needed for
such a development to occur and suggest ways of transitioning from the existing
system to a new paradigm of urban water management.

To summarize: environmental engineers, city planners, architects, administrators
and others must accept that the sanitary solutions applied in the industrialized
northern countries, which is based on centralized sewer and wastewater treatment
technology, cannot be the global solution to the sanitation crisis. Decentralized
solutions are not downscaled wastewater treatment systems but are rather a new
field of technology which requires ingenuity and in many cases the industrial
logic of highly engineered mass-produced apparatus. First ideas exist, and this
book tries to identify some of them, but many more will have to be developed.
In view of the rapid population growth in areas with water scarcity and in
many cases still poor sanitation, this sector may well develop into new economic
dimensions.

10.2 THE MAIN ADVANTAGES OF SOURCE
SEPARATION AND DECENTRALIZATION IN CITIES
The title of this book contains the twin concepts of decentralization and source
separation. We believe that their coupling is necessary in order to capture the
advantages of both in a new paradigm of urban water management (see also
Larsen et al. 2009).

On a global scale, water scarcity is the main driver for change (see Falkenmark
and Xia 2013). Water saving and reuse will obviously be necessary in water-scarce
cities, but the consequences for the systems involved are huge. In centralized
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settings, problems of acceptance complicate the mixing of purified wastewater
with drinking water (as is attempted in Singapore with the concept of “New
Water”), and setting up a second piping system for recycled wastewater is
expensive. Local recycling of greywater and/or water saving measures often
seem more appropriate. The sewer system, however, depends on large amounts of
water for transport of feces. With increased water saving and/or local recycling
measures, larger amounts of sediments are observed in the sewers, leading to a
number of problems such as odour, corrosion and increased “first flush”
pollution loads during overflows of combined sewers. Feces make up the single
most microbiologically active component in combined sewers and contribute
substantial amounts of sediments. Only with their decentralized treatment can
transport be made independent of the amount of wastewater.

As shown byMaurer (2013), planning insecurities and the construction of sewers
ahead of residential properties may lead to more expensive solutions due to unused
capacities. Where cities are expanding too rapidly, planning may even become
impossible. Sewers are typically overloaded in rapidly growing cities, resulting in
permanently active CSOs. Decentralized solutions follow the construction of new
buildings and thus make better use of invested capital. Due to the shorter life
cycle of decentralized solutions, new technology and environmental requirements
can be implemented more rapidly.

So why will decentralized solutions not be enough? Without source separation,
decentralized technology will necessarily represent no more than downscaled
advanced treatment plants, and as discussed in Section 10.3.2, these are far too
complex for decentralized implementation. Decentralization thus demands source
separation in order to reduce the complexity of the treatment process.

However, source separation is also valid on its own terms, especially for
resource recovery. Water recovery from greywater occurs spontaneously due to
water scarcity, but nutrient recovery from human excreta is also increasingly
recognized as an important feature for a sustainable future (Cordell
2013; Erisman and Larsen 2013). As discussed by Jönsson and Vinnerås (2013),
nutrients from cities can help boost agriculture wherever nutrient import is too
expensive. Only with source separation and adequate on-site treatment
will pollutants turn into resources. However, the transport of source-separated
fractions in sewers is only partially possible (see Section 10.3.1), and
source separation in itself consequently also creates a demand for decentralized
solutions.

10.3 CHALLENGES OF SOURCE SEPARATION AND
DECENTRALIZATION IN CITIES
Part II of this book is dedicated to the challenges of source separation and
decentralization. These challenges are obviously greatest in cities, where the
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paradigm of sewer-based centralized wastewater management counts as the only
efficient way of dealing with sanitation. Most authors of this book are city
dwellers and it is difficult to believe that we can live without the usual
comfortable water-based “use-and-forget” system for personal and urban hygiene.
As discussed by Lienert (2013), however, even city dwellers are ready to accept
change in their bathrooms, as long as their personal comfort is not compromised
and the costs are acceptable. This means that the user interface must be adapted
to local conditions in order to match the expectations of the users.

Furthermore, the technologies must be energy-efficient (Rittman 2013), demand
little maintenance (Maurer 2013), fulfill the hygienic requirements (Stenström
2013), and if nutrient recycling is practiced, the logistics of nutrient transport
from producers to users is a major topic (Jönsson and Vinnerås 2013). The sheer
mass of people in urban areas also demands more effective water pollution
control than in rural areas.

Finally, it is obvious that solving global water-related problems constitutes
an enormous task for the international community. As pointed out by Wilderer
(2005), it is close to impossible to build sewers and treatment plants at the
required pace. Neither will decentralized and source-separating technology just
pop up from nowhere. The socio-economic pathways which may make such
developments possible are discussed by Truffer et al. (2013).

This book was clearly produced with the idea of presenting the main advantages
as well as the main challenges of a new paradigm based on source separation
and decentralization, especially for cities. Although it contains few recipes,
these topics are dealt with by competent colleagues, and we will not summarize
the various discussions in this chapter. Instead, we will discuss three main
engineering aspects of a paradigm change for urban water management (“the
three Ts”):

• Transport of water, pollutants and residues
• Treatment process development, operation and monitoring
• Transition from previous system design to new designs

10.3.1 The challenge of transport
Centralized treatment of wastewater requires the transport of large amounts of
wastewater over longer distances. Traditional urban water management is one
of the largest transport enterprises of Western societies: each year over 100 tons
of wastewater per person are typically transported over many kilometers.

Wastewater transport relies on large sewer systems which have been developed
over decades and must operate under both dry and wet weather conditions. Design
rules require sanitary sewers to be designed for twice the peak daily dry weather
flow. In order to keep sediments under control, the peak daily shear stress should
reach 2 N·m 2 and in order to facilitate operation the minimum diameter is
normally prescribed as 0.2 m. With water consumption of 0.2 m3·cap 1·d 1, such
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a sewer may serve about 1000 inhabitants, and transport via sewers is a well
established and efficient technology for the job it does. During periods of severe
water scarcity, where only 0.03 m3·cap 1·d 1 of wastewater are generated (as
suggested by Truffer et al. 2013), the same sewer would have to transport the
wastewater of nearly 10,000 inhabitants. In smaller catchments, only increased
maintenance, frequent sewer flushing, or alternatively pressure or vacuum
systems could alleviate the sedimentation problems.

Thus, gravity sewer systems suffering from water scarcity will run the risk of
sediment accumulation, hydrogen sulfide production and associated corrosion
problems. Decentralized water reuse as now often seen in water-scarce areas
leads to very low net water consumption, leading to a number of problems (see
Tchobanoglous and Leverenz 2013).

Decentralized treatment produces waste streams and residues in different
amounts and of different compositions. Some streams may well cause new
problems (e.g., urine causes scaling, which must be inhibited with extra effort;
see e.g., Udert et al. 2003) or must be transported rather inefficiently as
concentrated liquids. Reducing volume and weight is thus of prime importance
for the development of efficient transport systems for decentralized sanitation
(Maurer et al. 2006). Local use of all residues and treated waste is not possible in
modern cities even with large-scale urban agriculture and vertical gardening.

Figure 10.2 compares the mass of waste streams and residues from different
waste-handling technologies. Clearly, if decentralized sanitation systems were to
produce dry residues, collection together with (but separated from) solid waste
would be possible. The transport of fresh urine and diluted feces from flush
toilets is feasible only over short distances (as is the transport of thickened
sludge from small wastewater treatment plants to larger sludge-handling plants).
Suitable collection systems will therefore have to be developed, on the same
lines as for green waste, where standard solutions already exist in many
European countries, including Switzerland. Small residue volumes are obviously
preferable, but even more importantly these must be hygienic and more or less
odourless. For instance, transport of fresh feces separated in a dry toilet is not
difficult as regards their mass, but rather from the point of view of hygiene
and odour.

For implementation in cities, decentralized or even on-site volume reduction
and stabilization of the waste fractions thus becomes a primary research
goal. Since centralized treatment of combined wastewater has been the main
focus of wastewater treatment for many decades, thinking in terms of
decentralized treatment of separate waste(water) fractions is rather new within the
professional community. From our own experience in the area of urine
treatment, we have seen how tedious it was to build up the necessary knowledge
and how few ideas we had in the beginning. With time and as some routines
were built up in the lab, this sector became just as interesting and productive as
any other.
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10.3.2 The challenge of developing treatment processes
Although we do not normally realize it, centralized wastewater handling
infrastructures are based on complex systems. Furthermore, this type of
technology depends on the design of prototypes, requires on-site construction,
and unfortunately cannot make use of mass production and highly intensive
engineering. Modern wastewater treatment relies on sophisticated technologies
whose design and day-to-day operation must be left to experts. Sludge handling
becomes an ever more complicated task, and research tends towards the
integrated modeling and operation of such systems. New challenges such as
water scarcity and climate change lead to increasingly complex and
resource-intensive management tasks. One example is the dosing of nitrate in
sewers threatened by corrosion due to water saving and increased temperatures,
calling for complex real-time models in order to avoid overdosing
(Mohanakrishnan et al. 2009).

1 10 100 1000 10000

Conventional wastewater production

Conservative wastewater production

Combined sludge, fresh, 4% TSS

Combined sludge thickened, 6% TSS

Urine

Recycled solid waste in Switzerland

Digested sludge

Nitrogen on zeolite

Solid waste collected in Switzerland

Sludge MBR single household

Organic waste collected in Switzerland

Feces fresh, wet

Ammonia in sulfuric acid

Ammoniumnitrate

Feces dry matter

Sludge MBR dry matter

Feces ash

Struvite from urine, P removal only
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Figure 10.2 Rough comparison of residues from different waste treatment and
collection activities (light grey: relating more to conventional wastewater treatment;
dark grey: relating to source separation).
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Decentralized source-separating systems may appear to be even more complex,
but this is not necessarily the case. They will rely on many individual elements, but
the goal must be for each element to be easy to operate and adapt to local
requirements. Well-engineered small source-separating systems based on mass
production require new ideas and new approaches to the problem. A number of
these technical ideas are discussed in Part III of this book.

As presented by Larsen and Gujer (2001), one possibility is to combine waste
management directly with the apparatus that creates or handles the waste. At that
time we used a washing machine as an example, but today a NoMix toilet with
phosphorus recovery (e.g., as struvite) and nitrogen elimination (e.g., in an
electrochemical cell) seems quite as realistic.

Historically, civil engineers were responsible for the development and design of
wastewater treatment processes, whereas today this job tends to be the domain of
environmental engineers. These engineers are trained to design large prototype
plants, specifically adapted to highly local requirements. In addition, owners of
centralized infrastructure investments tend to be conservative and rather risk
averse. Under these circumstances, possible investments in the development of
technologies are limited, so that progress in this area is quite slow everywhere.
Most treatment technologies center around biological processes, sometimes
enhanced with chemical precipitation or oxidative disinfection. The recent
introduction of membrane technology is no exception; the workhorse of biological
treatment still remains in place.

Small-scale decentralized treatment plants are quite different from centralized
ones. Rather than single large prototype plants, thousands of small identical
units will have to be built. Their construction must be based on industrial
logic, optimum engineering combined with efficient industrial production. If
environmental engineers want to remain key players in this area, they will have to
learn from industrial design and mechanical engineering. A smart phone is not a
downsized telephone, TV, photo camera, computer, CD player, and so on but a
new device which fulfills its tasks on the basis of entirely new technology and
with considerably less material and at less cost than all these gadgets together.
Such engineering investment becomes attractive because the result will be
produced by the millions. In addition, it was possible to think in generations:
networks and technology called 1G, 2G, 3G and soon 4G (“G” for generation)
made rapid progress possible and were based on great leaps forward.

If we really want decentralized sanitation to become a success, we must step
back and analyze the problem to be solved as a whole. Our task is not to treat a
small amount of wastewater on the basis of our experience, it is to provide
convenient, efficient, and reliable sanitation with due consideration of local
boundary conditions such as water scarcity, environmental requirements and
local cultural realities. Once our task has been defined, we can try to devise
solutions, which must consider acceptance, function, production, operation and
economy.
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This way of thinking can best be illustrated in an area in which most
“conventional” process engineers (as we consider ourselves) have little
experience, that is, in informal settlements. An Eawag team developed a technical
and socio-economic concept along these lines (www.diversionsanitation.com) for
the “Reinvent The Toilet Challenge” (RTTC) competition of the Bill and Melinda
Gates Foundation (BMGF). The concept is based on a urine-diverting dry toilet,
but is extended with the possibility of flushing the toilet after diverting dry feces
and undiluted urine. Water can also be used for anal cleansing and of course for
hand washing. The used water will be treated and recycled on-site. The toilet will
be shared between two families and linked to a Resource Recovery Plant (RRP)
through a logistics concept for feces and urine. A number of technologies along
the lines discussed in Part III of this volume can be implemented at the RRP,
depending on the local conditions (see Larsen et al. 2010 for a systematic
approach to linking technology choice to socio-economic conditions). The
business model is adapted to typical conditions in high-density slums, and
obviously looks totally different from a possible business model in a western
industrialized country. However, the technology choices could be very similar.

There are several reasons why we are convinced that our approach will be
successful. First of all, we are cooperating with an industrial designer (www.eoos.
com) for the design of the toilet. Designing a toilet is a highly complex task, and
just as we would never expect non-professionals to develop modern process
engineering, process engineers simply cannot devise an attractive toilet design.
Since the toilet will be produced in millions (if successful), the design costs are not
significant in the overall process. Secondly, its embedding in the respective
socio-economic reality is handled by experts from the Eawag department for Water
and Sanitation in Developing Countries (Sandec) (http://www.eawag.ch/
forschung/sandec/index EN). Only with the participation of relevant stakeholders
can the business model and technology be adapted to realities, which are so far
from our own experience. Finally, we can base our technology choices on more
than a decade of experience, both for the water recovery unit and the Resource
Recovery Plant (RRP), and the business model is also in the hands of an expert.

Of course, we still do not have any proof that our concept will work, and perhaps
it will not. On the basis of Eawag’s extensive experience in the area of centralized
urban water management, however, we see this project as a good example of the
potential of source separation. It is possible to come up with just as professional
solutions in the area of decentralized source-separating technologies as we are
used to from centralized treatment. The approach must be more holistic and
involve new and different experts and stakeholders, but the perspectives are
extremely attractive.

A rather less successful approach would be to accept today’s standard sanitary
equipment and water use in households and then to develop a downscaled
wastewater treatment plant based on today’s technology in centralized systems.
Unfortunately this is the principal approach currently visible in industrialized

Implementation of source separation and decentralization in cities 143



countries, but some actors are gradually realizing that it may not be competitive in
international settings (see Truffer et al. 2013). In the next section we will discuss
opportunities for the development of source separation and decentralization in
other parts of the world.

Table 10.1 identifies some characteristic differences between decentralized and
centralized treatment processes. It becomes obvious that the differences are large
and require alternative approaches to decentralized systems. Today, it is
worthwhile to start with a specification of what services the product or process
should provide.

Load variation in small waste treatment systems may be extreme. Even single
events may affect the performance of very small systems. A longer absence of
load (vacation periods), short extreme peaks (at house parties) or dumped
medication (antibiotics) may affect the treatment processes. Thus the design of
such systems must be robust and their operation must be self-adaptive.

Biological treatment is particularly sensitive to variable loads and may require
the extra complexity of load equilibration by storage. It is well possible that the
discussion of “biological” versus “physico-chemical” will become topical again.
In the 1950s, the answer was “biological,” and as a consequence the research and
education of the following generations of wastewater professionals emphasized
biological process engineering.

Early experience with nitrification demonstrated its tendency to become
saturated (to reach a maximum capacity, the maximum growth rate of relevant
organisms; see also Gujer 2010). This led to today’s design principles for
biological treatment, which are typically based on the concept that the maximum
required treatment capacity is related to mean loading (which defines the
available mass of microorganisms) multiplied by a peak factor for extreme
loading. When applied to small units, this will result in rather large and therefore
costly reactors. Start-up procedures for such systems are lengthy (they may
extend over several solid retention times) and might require costly surveillance
even after single extreme events. The fact that microbial processes are
autocatalytic (biomass is reproduced in the process itself) is an advantage in
centralized plants where the biomass is produced from resources in the
wastewater and load equilibration is based on a large number of loading events.
In small systems, however, autocatalysis may become counterproductive since
load variation is extreme and the time constants for adaptation become too long.

Many physico-chemical treatment processes have a tendency to linear behavior
(first order type reaction) or may even be enhanced by increased use of energy,
chemicals, flow rates, pressure or membrane surfaces. So this group of processes
should be investigated carefully. A disadvantage of physico-chemical processes is
the lack of biological stability of the effluent because they typically involve no
selective removal of biodegradable organics. Re-growth of microbes may
consequently be a severe problem in such systems. However, for nutrient removal
there are valid and robust alternatives to microbial processes.
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The future technology for decentralized sanitation may have to combine
physical, chemical and biological processes:

• Physical adsorption for load attenuation
• Membrane filtration as a barrier
• Microbial processes for regeneration of adsorption capacity and in order to

achieve biological stability and oxidation
• Chemical precipitation, oxidation as well as photo- and electro-chemical

transformation of critical compounds could result in interesting and robust
options which can deal with substantial load variation

The operation of decentralized technology requires centralized intelligence. Modern
cars are complex machines which are used daily by millions of people and provide
extremely reliable and convenient service. Their efficient use depends on
infrastructure and centralized intelligence (roads, car dealers, service stations,
insurance companies etc.). The possibilities currently offered by sensors, data
transmission, remote monitoring, and so on permit the development of highly
integrated systems which will support the introduction of decentralized sanitation
technology (see also Olsson 2013). Some of the problems involved in the start-up
of such systems are discussed by Truffer et al. (2013).

10.4 TRANSITION
When we started considering source separation in the mid-nineties, our first
concern was a possible rapid implementation in urban environments. Our main
proposal was to store urine in-house and to discharge it during the night over a
short period of time in order to extract a concentrated urine solution at a
centralized facility (Larsen and Gujer 1996). The argument was that in some
settings, this approach could be more interesting than the expansion of a
treatment plant for nutrient removal. We discussed a stepwise introduction of
this approach with increasing advantages as more and more users participated in
the system.

Our ideas have since been expanded with the concept of peak shaving (Rauch
et al. 2003) to equilibrate the ammonium load throughout the day and thereby to
make better use of the nitrification capacity in existing treatment plants. Initial
engineering calculations in the context of an overloaded treatment plant
demonstrated that this approach would be cost efficient if it were introduced in a
large new development (Borsuk et al. 2003). Further developments of urine
source separation are discussed for Hong Kong, where urine would be nitrified
in decentralized facilities and then denitrified in the sewers (Jiang et al.
2011). The intention is to avoid expanding existing wastewater treatment plants
for nitrification and denitrification. Since corrosion is an issue in Hong Kong,
where seawater is used for toilet flushing, nitrate will also help to conserve
the sewers.
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Although many ideas for the installation of NoMix toilets have been presented, it
is still difficult to buy these toilets. For the sanitary industry, pilot projects are no
argument for investing in such a risky business. Initiatives which are not
published in academic journals, but developed in practical settings may be more
convincing. One of these developments is currently taking place in Durban
(South Africa), where urine source separation and urine treatment are investigated
on a large, almost city-wide, scale with substantial support from the city and the
Bill and Melinda Gates Foundation (BMGF; www.eawag.ch/vuna). See also the
example of another BMGF-supported project in Section 10.3.2.

In Switzerland, an on-going initiative to develop and demonstrate sustainable
building technology (Next Evolution Sustainable Technology, NEST) has been
started, making it possible to experiment with new sanitation systems in a guest
house on an academic campus (www.empa.ch/nest). This must be seen in the
context of innovative toilets professionally designed by global players.

Centralized sanitation technology has been developed in industrialized societies
over more than 100 years and many generations of improvements were necessary to
reach today’s standard. We accept that it will not be possible to reach equal
“perfection” in a single shot, but that decentralized systems will also require
evolutionary development. However, given the experience already acquired, this
evolution can be much faster.

Today, we see three quite different scenarios for the transition from pre-existing
sanitation systems to a potential future system which may be dominated by
decentralized sanitation (Table 10.2). In industrialized settings, the growth of
cities is slow and renovation of pre-existing sanitation systems and adaptations to
new environmental requirements become major tasks. It is possible here to start
right away with the introduction of decentralized sanitation. This will decrease
the load on existing treatment plants (which can frequently be considered as an
expansion); it will reduce problems with CSOs (storm events) and can
continuously be expanded as centralized system elements decay. Since sewers
already exist, they can be used to transport the treated effluent. In urban areas,
sewers expose 2-3 m2·cap 1 of active biofilm to the flowing wastewater.
Compared to RBCs (Rotation Biological Contactors), which are designed for
4-5 m2·cap 1, this provides substantial in-sewer treatment which will even
increase as the load transported in the sewer decreases. Over the lifecycle of the
pre-existing system, such an approach will lead towards an entirely new
technology based on decentralized sanitation.

In rapidly industrializing settings, cities grow very rapidly, frequently in the form
of large new developments. Here, existing sewer systems are mostly overloaded and
it will prove beneficial to equip new developments exclusively with decentralized
technology. The expected shorter lifecycle of such technology will allow faster
adaptation to the highest possible standards and the introduction of more
comfortable solutions in the course of development: this is an important goal of
such societies.
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In informal settings, manpower is still cheap and may be used to operate
decentralized systems: this opens up new possibilities. Here, it will be necessary
to develop entire sanitation systems which provide urban hygiene and protect
local water resources and the environment (see the example in Section 10.3.2;
www.diversionsanitation.com). It will prove interesting to produce such systems
on a large industrial scale. This will allow the provision of adequate comfort
and reliable service at reasonable cost.

10.5 CONCLUSIONS
We come to the conclusion that the time is right to start introducing decentralized
sanitation. We now need vision, courage and last but not least capital.
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