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urban growth: Modernised mixtures in an
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Urbanisation of poverty and informality in East Africa poses a
threat to public health and environmental protection, perpetuating social exclusion and inequalities, while it creates service gaps.
Neither conventional on-site sanitation nor modern centralised
off-site sanitation provisions are tenable citywide, giving rise to the
emergence of sanitation mixtures to meet sanitation demands. However, existing mixtures are not successful in meeting basic sanitary
goals and show severe gaps in basic service provision and/or protection
of human and environmental health. The evolved sanitation mixtures
are theorised as a form of reflexive sanitary modernisation in tandem
with local context variables. To achieve long-term sustainability in
these mixtures, each sanitation option should undergo a modernisation process before it complies with specified sustainability criteria
linked to 1) public and environmental health, 2) public accessibility,
and 3) technological flexibility to adopt future amendments. The proposed modernised mixtures approach is helpful as an analytical tool
for describing, mapping and assessing sanitation systems and their
reconfigurations in societies where sanitation mixtures are a norm
rather than an exception. It is also very helpful as a conceptual model
for organizing a research agenda along the four categorised modernised
mixtures dimensions, i.e. 1) its technical and spatial scale, 2) its
scope of management (centralised – decentralised), 3) the nature of
the flows (excreta – sewage), and 4) end-user participation. Translation of the proposed conceptual modernised mixtures model into a

mathematical model is a challenge yet to be explored. Considering its
intrinsic dynamic character of dependence on varying spaces, flows
and scales of city development, a mathematical modernised mixtures
model would provide a regulatory design tool for city planners for
adopting amendments to existing sanitation solutions.
Keywords: Modernised mixtures, on-site/off-site sanitation,
sewerage, sustainability, East Africa

Introduction
The rapid rate of urbanisation in developing countries has created
an overwhelming demand for housing, infrastructure and services
(Taylor and Parkinson, 2005), while sanitary provision is lagging
behind urbanisation rates. Many interventions have been sought in
the past to address water and sanitation challenges, but globally, 2.6
billion people still lack access to improved sanitation (UNDP, 2006).
In March 1977, the United Nation’s member countries declared the
period 1981-1990 the International Drinking Water Supply and
Sanitation Decade. Despite the concerted efforts made during that
period, the number of people not served by an adequate and safe water
supply fell by approximately 450 million while those without appropriate means of excreta disposal remained almost the same (Loetscher,
1999; WHO, 192). Member countries of the United Nations once
again met at the turn of the millennium and agreed on the Millennium
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Development Goals (MDGs), where they set the targets of halving
the proportion of people without access to basic sanitation by 2015
and significantly improving the lives of slum dwellers by 2020.
Additionally, WHO and UNICEF have set a target of ‘Sanitation for
All’ by 2025. To achieve this WHO/UNICEF target, 480,000 people
would have to be provided with improved sanitation daily (Mara et
al., 2007). To give more impetus to the magnitude of the sanitation
challenge, 2008 was declared the ‘International Year for Sanitation’
by the United Nation’s General Assembly in December 2006.
Dismal progress has been made towards achieving the targets, with
most of sub-Saharan Africa – East Africa included – unlikely to meet the
MDG target (WHO/UNICEF, 2010; UN-Habitat, 2008; UN 2006).
DespiteyearsofinterventionmeasuresbetweentheWaterandSanitation
Decade and the International Year of Sanitation, the proportion
of the population using improved sanitation in sub-Saharan
Africa increased only marginally from 28 per cent in 1990 to 31 per
cent in 2008 (WHO/UNICEF, 2010).
To achieve adequate and sustainable sanitation in the rapidly urbanising
areas, a proper institutional framework, adoption of appropriate technology and the embedding of sanitation solutions in the local socioeconomic, cultural and spatial structures is imperative (Seghezzo,
2004; Ellege et al., 2002; WECD, 1987). Technologies are considered
appropriate when they fit within the boundary conditions
determined by local conditions. Such boundary conditions consist
firstly of standards and principles of engineering, which determine the
way in which sanitary systems develop. Interestingly, most boundary
conditions for sanitary services follow a conventional master plan of
city development geared towards centralised systems and making
available to all city residents planned and serviced land for new settlements. Secondly, most regulations, institutions and organisational
frameworks for sanitary provisions are public oriented, and in line
with the engineering master plan. Yet there are multiple providers of
sanitary services in the rapidly developing cities. Thirdly, different
spatial structures have different affinities for particular sanitary
systems. So far, centralised sanitary systems, comprehensive urban
planning and public provision in developing countries, especially
East Africa, have had little impact, as between 50 per cent and 70
per cent of the urban population live in informal settlements that are
neither planned nor serviced (UN-Habitat, 2008, 2003). Fourthly,
socio-economic and cultural conditions – affordability, acceptability and accessibility – determine the feasibility of the sanitation
options available for adoption. The picture of development efforts
towards improved sanitary provision in East African cities is plagued
by contradictory development strategies pursued by many agencies
with relative degrees of autonomy. Consequently, there is a lack of a
cohesive and wholly accepted strategy for sanitary provision in the
cities of East Africa because of the co-existence of various sanitary
solutions, spatial structures and multiple providers resulting in sanitary mixtures. To reach the goals as formulated in the MDGs, these
sanitary mixtures are in need of a modernisation strategy. With the
term ‘modernised’ we would like to differentiate between conventional systems that are often referred to as ‘modern’ on the one hand,
and on-site systems that are often termed ‘traditional’ on the other.

With ‘modernised’ we mean locally embedded solutions that merge
the best options of both modern and traditional systems in fitting
local conditions and complying with defined sustainability criteria
(Segghezo, 2004). We, therefore, postulate that modernisation, in the
situation of multi-modal sanitary systems and multiple providers as is
the case in East African cities today, for example, can best be achieved
through application of a “modernised mixtures approach”. Such an
approach calls for a mix of scales, strategies, technologies, payment
systems and decision-making structures that better fit the physical
and human systems for which they are designed (Letema, 2012;
Oosterveer and Spaargaren, 2010; van Vliet, 2006).
This paper presents first the status of sanitation provision in urban
East Africa (section 2). Then, in section 3, it explores the dominant
socio-technical paradigms in sanitation provision, i.e. centralised,
large-scale provision versus small-scale provision, and the common
sanitation options and sanitation scales to which such paradigms
lead. The section ends by presenting the mixed sanitary solutions
that can be found in urban Africa nowadays. Section 4 presents the
application of the modernised mixtures approach to assess and evaluate
the range of existing sanitary configurations along spatial, technical
and management dimensions. The paper concludes, in section 5, by
assessing the value of the modernised mixtures approach in opening
up the paradigmatic debate between centralised and on-site sanitation
provision and by assessing and evaluating existing sanitation
mixtures.

Urbanisation and sanitary provision status in
East Africa
Although East Africa is the least urbanised African region, it is experiencing, and is forecast to experience, a rapid urbanisation of over
3.9 per cent annual growth between 2000 and 2015 largely because
of natural growth (UN-Habitat, 2008). The urbanisation, however,
is not driven by industrialisation, economic growth, spatial planning
or investment in environmental infrastructures and, therefore, leads
to the urbanisation of poverty and the growth of extensive informal
settlements. The urbanisation of poverty poses a threat to environmental health, perpetuates social exclusion and inequalities, and
creates service gaps (UN-Habitat, 2008).
Different sanitary approaches attributed to parallel sanitary solutions,
pursued under different programmes, culminate in various stages of
sanitary solutions, which all sit next to each other. The mixture comprises different sanitary systems having different coverage, quality
and scale (Table 1), different institutional arrangements and servicing
different urban spaces and clientele. The number of urban centres
connected to modern sewerage accounts for about 14 per cent in
Kenya, 12 per cent in Uganda (excluding Town Boards), 16 per cent in
Tanzania and none in Rwanda and Burundi. Those that have modern
sewerage, however, have low coverage, ranging from 5-36 per cent
in Kenya, 0.9-20 per cent in Tanzania and 2-26 per cent in Uganda
(Letema, 2012). The coverage and connection ratio are also not in
tandem with water coverage. The status of sewage treatment works is
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Table 1. Per cent of population coverage for different sanitation solutions in East African capital cities
City	Sewerage	Septic
		
tank

VIP
latrine

Pit	No
latrine
facility

Reference

Nairobi

36

<……………. 64…………….. >

n.a.

(AWSB, 2005)

Kampala

6

18

6*

(NWSC, 2004)

<………… 70……….. >

Dar es Salaam

13

13

n.a.

70

4

(DAWASA, 2008)

Kigali

0

16

3

80

1

(Sano, 2007)

Bujumbura

0

n.a.

n.a.

100

1

(WSSINFO, 2008)

Abbreviation: n.a. not available; * 3 per cent practise open defecation; 3 per cent use shared sanitation

disappointing. For instance, in Kenya, out of 38 treatment works, 40
per cent are overloaded, 15.5 per cent are operating at design capacity,
2.5 per cent are not operating at all and 42 per cent are operating below
capacity (MWI, 2008).
The treatment systems for conventionally collected sewage in gravity
sewers are mostly waste stabilisation ponds (WSP), with few being
mechanised processes, such as conventional trickling filters, oxidation
ditches and aerated lagoons. In Kenya, WSP are used in 25 of 38 urban
sewage treatment works (STW). In Uganda, 12 are WSP while two
are conventional trickling filters. Stringent environmental standards,
set by the National Environment Management Authority (NEMA),
require nutrient removal in addition to carbon and pathogens,
which make most conventional treatment process options noncompliant with effluent discharge standards. The very stringent
legislation on the one hand and the socio-economic inabilities to
meet the set requirement using up-to-date technologies on the other,
paralyses any investment at the wastewater treatment level. Here a
paradigm shift is urgently needed.

Paradigms of centralisation and decentralisation, on-site and off-site systems
Socio-technical paradigms in sanitation
Technology development framing in the context of the service

Ecologically
unsound

Large-scale,
centralised
Conventional

Simplicity,
craft-based
craft-based
Local
participatory
control
control

Expert
technocratic
control
control
Complex, high
division of labour

Alternative

Ecologically
sound

Small-scale,
decentralized
zed
Figure 1. Classification of sanitary systems as ‘conventional’ and
‘alternative’ along multidimensional axes (adapted from Smith,
2005)

provision of water, waste(water), energy, housing and food over the last
five decades has been characterised by a clash between two paradigms
– a centralised (conventional) approach and a decentralised (alternative) approach. Centralised systems are viewed by the proponents
of alternative approaches as large-scale, centralised, expert driven,
complex, and ecologically unsound, whereas the alternatives as smallscale, decentralised, participatory, simple and ecologically sound
(Fig. 1) (Smith, 2005).
The proponents of centralised systems argue that they have provided
hygienic conditions, easy transport with little visibility, adequate
handling of organic matter and nutrients, and little energy consumption
(Harremoës, 1997). Moreover, low-technology craft systems are not
necessarily sustainable at any cost and design, whereas appropriateness depends on local conditions (Grau, 1996).
Conventional systems have inertia and lock-in effects, which
curtail the emergence of alternative decentralised options at the houseon-site and/or community level to develop and complement them
(Hegger, 2007; Nilsson, 2006; van Vliet, 2006, 2002). Strikingly,
so far, the centralised versus decentralised debates are often reduced
to a competition between the proponents in an attempt to remain
relevant and retain, access, or wrestle power. But each group possesses
various, but always incomplete, levels of capital, scientific expertise
and technology (Bijker, 1995 in Smith, 2005).
Urban systems for waste(water) often develop in a paradigmatic
manner, where certain engineering practices, standards and technical
knowledge come to prevail, which may deter technological changes
(Ertsen, 2005 in Nilsson and Nyanchaga, 2008; Chartzis, 1999).
Conventional sewerage is based on conservative design values that
have undergone little change over a century. For smooth operation,
the resulting gravity-based systems require high water flows,
minimum pipe diameters, large numbers of household connections,
sewerage passing both sides of the street, minimum velocity,
minimum depth and slope of sewers, pumping stations at various stages
of the sewer network and design periods of over 30 years (Mara and
Alabaster, 2008; Paterson et al., 2007; IETC, 2002; Sundaravadivel
et al., 1999; Mara, 1996). The applied conservative design values
result in deep sewerage, high capital costs, high operation and main-
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tenance efforts, and inappropriateness in most types of urban settlements in East Africa (IETC , 2002; Sundaravadivel et al., 1999;
Otis et al., 1996). Conventionally designed urban sanitary systems
comprise medium- to large-scale sewer collection and treatment
systems characterised by large piping networks that convey wastewater
from the place of generation to the treatment site, making use of
pumping stations and/or complex siphons. Moreover, such systems
are dependent on advanced water supply and electricity infrastructures being in place, and towns engineered into pipe-like networks (Newman, 2001; Graham and Marvin, 2001; van Lier and
Lettinga, 1999). Large-scale systems, van Dijk (2008) notes, are
too expensive to introduce on a large-scale in developing countries.
Consequently, currently existing large-scale systems serve only a small
population, are capital intensive in development and maintenance,
and subsidise the more affluent groups (Oosterveer and Spaargaren,
2010; Toubkiss, 2010; Nilsson, 2006).
Besides the conventionally designed centralised systems, autonomously functioning satellite sewers or intermediate sanitary services
are being installed, serving a designated city section, often covering
part of a catchment in which only gravity sewers can be used. Such
intermediate sanitary service levels are the semi-collective sewerage and treatment systems which serve clusters, communities and/
or neighbourhoods (Toubkiss, 2010; Mara, 2008; Gómez-Ibáñez,
2008; Hunt et al., 2005). Various authors claim that intermediate infrastructures have a number of advantages (Toubkiss, 2010; Gómez-

Ibáñez, 2008; Hunt et al., 2005; Kariuki and Schartz, 2005) since
they increase access to sanitary services without being dependent on
large-scale infrastructural works and institutional support. In various
cases the private sector is involved in both sewage collection and
treatment.
Alternative sanitary systems, applied in a decentralised mode are
twofold – simplified sewerage, e.g. condominial, settled sewer
systems (Fig. 2) to be combined with community on-site treatment,
and (house) on-site systems coupled with off-site treatment of
manually collected wastes or in situ waste valorisation linked with reuse
practices.
On-site sanitary systems, e.g. pit latrines and septic tanks, are the
cheapest and most appropriate for rural, low-density urban and
low-income areas and can provide the same health benefits and user
convenience as conventional sewerage systems provided the ground
water is deep and the areas are not prone to flooding (Paterson et al.,
2007; Kalbermatten et al., 1982). Construction and management of
traditional on-site systems, such as latrines, are well described in text
books (e.g. Franceys et al., 1992). Although developed for rural, lowdensity applications, on-site sanitary systems serve the majority of
the urban population in developing countries, offering solutions to
individual or a group of households, and accounting for between 80 per
cent and 100 per cent of the population in cities (Kone, 2010). On-site
sanitary systems are stand alone, site specific, individual plot-

Figure 2. Construction plan of a simplified sewer system or condominial sewer, making use of already existing infrastructure, such as
septic tanks, when available (from the urban sewerage plan, north east Brazil)
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based, and very basic options that are often temporary facilities
(Abbott, 2010). However, on-site systems are perceived as simple and
second best options, useful in situations where the finances, technological capabilities and organisational capacities are severely limited
for centralised systems, and compromising the needs and the abilities.
Besides, they are supposed to be transient, i.e. replaced with more
advanced systems as soon as the social, economic and technological
conditions allow (Spaargaren et al., 2005). However, although often
implemented, they are not feasible in (peri-)urban areas because of
the high population densities, lack of space, poor drainage and risk of
contamination of the water sources (Paterson et al., 2007). In addition,
faecal sludge management is often absent leading to accumulating
health problems. In most East African cities the dominant on-site
sanitation systems are traditional pit (TP) latrines followed by shared
latrines – public or community and either traditional or poor flushed
– and then septic tanks and ventilated improved pit (VIP) latrines.
Fig. 3 depicts the situations in Kampala, Uganda and Kisumu, Kenya.
Other options available, but in limited use, are ecological sanitation
(eco-san), biogas latrines (bio-latrines) and bucket latrines. Although,
not yet implemented in large numbers, the feasibility of improved onsite systems, such as bio-latrines, is the subject of many current studies.
Novel sanitation options include additional drivers to sanitary
provision, such as recovery of energy and/or useful resources from
sanitary streams. The success of these systems is dependent on the
effectiveness of the demand chain for the recovered resources and
their adequacy to provide basic sanitary conditions. Indeed, current
full-scale applications in the slums of Kibera, Nairobi, Kenya,
serving from 300 to 600 persons/day (Fig. 4), show the potential for
local energy provision, while providing proper sanitation services
at fixed tariffs. Theoretically, the energy content of human excreta
equals between 500 and 700 kJ/person/day (equivalent to up to 200
watt-hour/person/day), and the excreted nutrients (ammonium and
phosphates) are of interest for agricultural purposes. The human
waste collection at a single location in a densely populated area
facilitates both bio-energy recovery in the form of biogas and the
establishment of a demand chain for nutrients and stabilised organic
matter for soil conditioning. New business models guaranteeing the
demand chain, and thereby the hygienic and environmental sustainability of these innovations, need to be implemented and surveyed
in other settings to adequately judge the viability of the resourceoriented sanitary facilities.

Figure 3. Sanitation coverage in Kampala and Kisumu (NWSC,
2008; KIWASCO, 2008)

Management of side flows, such as non-treated grey waters and
digester effluents, are not yet sufficiently covered in existing pilot
projects. Possible upgrades may for example include the establishment of a small bore sewer connecting the digester outlet to the city
sewerage when local treatment is not tenable (Fig. 2). From projections,
based on investments plans (NWSC, 2008, 2004), it is expected that
over the next two decades, septic tank coverage will increase steadily
and receive significant wastewater flows in Kampala as compared to
sewers and latrines while implementation of shared and unshared
latrines will be slowing down and stabilised by the 2030s.
The feasibility of septic tanks in densely populated areas depends on
the emptying regime and ultimate treatment and disposal of septage.
Septic tank systems serve (a) individual household housing units, (b)
apartments on single standard plots, (c) apartment clusters and (d) a
group of households as shared sanitation. Septic tanks for individual
households generally consist of two chambers, with the second chamber
being the soakage pit. Septic tanks are generally used in residential
settlements in the medium density areas of, for example, Kampala

Figure 4. Biogas latrine facility in Kibera, Nairobi, Kenya, exploited by, for example, Umande Trust (www.umande.org). Left:
multifunctional building with ground floor: latrines and showers;
first floor: meeting rooms, offices, kitchen; top floor: open side
for community gatherings, for example. Right: subterranean biogas digester underneath the multifunctional building.
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and Kisumu township neighbourhoods that were established at the
turn of the 20th century. In these areas, septic tanks have soakage
pits, serve plots with an average size of between 500 m2 and 1000
m2, are located on high ground, and are well drained sites. An
attempt to compulsorily connect these areas, such as the 2004–2006
campaign in Kampala, was deemed not necessary by the households,
indicating that they still offer good services even at the turn of the 21st
century, and thus have been operated as a non-transient permanent
solution. Re-zoning of these areas into commercial and apartment
buildings, however, leads to densification and a concomitant
increase in wastewater flow, attaining sewerage thresholds. Following
the one-dimensional approach to sewerage provision that applies
conventional sewers only, could shift the septic tank application
from being a permanent to a transient solution. However, the already
installed septic tanks could be re-utilised, and become part of an
alternative small bore settled sewerage system (Fig. 2), conveying the
liquid to off-site treatment. In various African cities this approach has
already been implemented, for example, in Dakar, Senegal.
Different population densities have a different affinity for some
specific sanitary solutions (Mara, 2008). Density thresholds over
which on-site sanitary application is prohibited and sewerage applied
are set at 250 population equivalent/ha in Indonesia (Fang, 1999)
whereas in Natal, Brazil, simplified sewerage was noted to be
more cost-effective at a density of 160 population equivalent/ha
(Sinnatamby, 1983). In alternative sewerage, design codes are more
relaxed, resulting in the use of small-sewer pipe, significant reductions
in water requirements, lower gradients and depths, and manholes
replaced by inspection chambers or cleanouts, while maintaining
sound design principles (Mara and Alabaster, 2008; Paterson et al.,
2007; IETC, 2002; Sundaravadivel et al., 1999; Reed, 1995). Alternative
sewerage is low-cost, flexible in location and layout, amenable to
community participation, appropriate for planned and unplanned
settlements, can be planned as decentralised networks and can adopt

low-cost treatment systems (Mara and Alabaster, 2008; Paterson
et al., 2007; Sundaravadivel et al., 1999; Pombo, 1996).
Sanitation system scales
Sanitary system scales, i.e. sewerage catchment coupled to a treatment
facility, are generally based on expected sanitary flows and an
urban spatial planning hierarchy (van Buuren, 2010; Hegger, 2007;
de Graaf, 2006; Hasselaar et al., 2006; Mgana, 2003; Rijnsburger,
1996) (Table 2). However, there is no absolute delimitation of the
maximum or the minimum number of users within a scale. Crites
and Tchobanoglous (1998) classified treatment systems as small-scale
and decentralised when they have a treatment capacity of < 3785
m 3/d (1 million gallon/day), which is equivalent to about 30,000
population equivalent. Following van Buuren’s (2010) classification,
the maximum capacity of a decentralised municipal system has
been arbitrarily set at 50,000 population equivalent or an area of 250
ha, whereas a community sanitation system is 4000 m3/day, which
is about 20,000 population equivalent and a maximum area of 100
ha. More important than the actual population equivalent number,
flows and/or serviced area is the extent of the coverage in relation to
the entire urban area and its infrastructural complexity in relation to
the socio-economic conditions. Table 2 lists sanitation system scales
based on population equivalent and households.
In addition to spatial scales, sanitary mass flows determine the actual
types of technologies that are perceived as feasible at a certain location.
Sanitary mass flows consist of human excreta and urine, possibly
supplemented with flushing water for transport of these wastes. The
availability of water is questionable in large parts of the urban areas;
also the need for water borne sanitation in areas where wastewaters
cannot be conveyed or treated is presently widely questioned. Local
sanitary options are, therefore, dependent on both population density
and actual wastewater flows as depicted in Fig. 5.

Table 2. Sanitation system scales based on population equivalent and households
Reference:

Reference:			Reference:

Mgana (2003)

Hegger (2007); de Graaf (2006);

van Buuren (2010)

Rijnsburger (1996)

Hasselaar et al., (2006)

(p.e.)

Housing unit, 10-40 p.e.

Dwelling 1 Hh

Individual on-site/cluster, 5-50

Housing block 40-200 p.e.

Houses/apartment cluster

Community

or 4-10 Hh and mostly

of 2-25 Hh			

50-2,500

Pit latrines/septic tanks

septic tank			
Neighbourhood unit, 100-	Neighbourhood 25-250 Hh		Small-scale,
2000 p.e. and mostly

> 2,500-50,000

wastewater collection and		
treatment
City quarter 250-10,000 Hh		

Medium-scale, > 50,000-500,000

City or large >10,000 Hh		Large-scale, > 500,000
Abbreviation: p.e. population equivalent; Hh household
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Figure 5. Population density as a determinant of the sanitary systems to apply (Modified from NWSC, 2004)

Figure 6. Illustration of mixed sanitation provision in cities with
spatial variability
Mixed sanitary solutions
Sanitary provision development in Africa is determined by the
prevailing socio-economic conditions, severely limiting both capital
and operational exploitation costs. The above analysis reveals
that if sanitary provision is to succeed it should be based on mixed
solutions and at multiple scales. A mixed sanitary structure can be conceptualised spatially as illustrated in Fig. 6 – a parallel development
of different systems at different scales serving different parts of the
population.
Each sanitary system’s service level can have its treatment scale and
technology option. Adoption of mixed sanitary solutions may introduce complexity, which may lead to increased operation and
maintenance costs, personnel and problems because of a lack of

standardisation, lack of up-to-date infrastructure records, and weak
enforcement. Alternatively, recognition of these mixed solutions gives
ample possibilities for full coverage of sanitary services, provided
the solutions offered meet agreed sustainability criteria. Therefore,
in order to include all available sanitary structures in a strategic
urban master plan, each applied system and technology requires
modernisation, which is defined above and further elaborated in the next
section. Solutions that cannot meet these criteria, thus cannot
be modernised according to agreed definitions, should then be
discarded as a potential option for that specific location. At the city
level, the proposed modernised mixtures approach offers a new view
to sanitation which does not preclude or exclude any of the developed
sanitary systems, but sets sustainability demands on its functionality.

4. Assessment based on the modernised
mixtures approach
The process of modernisation of the current sanitary mixtures to
the ‘modernised mixtures’ level provides an approach for analysing,
structuring, and improving sanitary infrastructures and institutional
arrangements in such a way that it results in a mix of scales, strategies,
technologies, payment systems and decision-making structures
(Spaargaren et al., 2005) that comply with specified sustainability
criteria linked to:
1) Public and environmental health
2) Public accessibility (physical, institutional, social)
3) Technological flexibility to adopt future amendments (technical,
institutional, social).
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If implemented, such mixtures would lead to socio-technical arrangements of technical systems, institutional arrangements and payment
systems that take the best features from both (modern) centralised
and (alternative) decentralised systems. This is achieved by combining
the features of large-scale, high-technology and technocratic
approaches, with small-scale, low-technology and participative
approaches into new forms in order to better fit the local conditions characterised by different spatial structures (Oosterveer and
Spaargaren, 2010; Hegger, 2007; van Vliet, 2006).
In characterising the existing sanitary provisions in the East African
cities of Kampala, Uganda and Kisumu, Kenya, each sanitary system
is evaluated along four dimension and six scale categories. Each scale
along the dimension is mapped by shading and the resultant configurations are presented in Fig. 7. The dimensions of sanitary provision
espoused by the modernised mixtures concept (Fig. 7) are:
1) Technical and spatial scale dimension, between a large-scale and a
small-scale systems
2) Management dimension between centralised monopolistic
organisation and decentralised organisation by multiple providers
3) Nature of flows dimension, between combination and separation
of water and waste flows
4) End-user participation dimension, between technocratic control
and a participatory approach.
The categories of the sanitation scale dimension can be defined in
relation to the technical scale of implementation, i.e. coverage
expressed in population equivalents (Table 3).
The management dimension can be defined in relation to the
organisational service level, which is assed as follows:
• Household
• Community e.g. non-governmental organisations, communitybased organisations, faith-based organisations, neighbourhood
associations and cooperatives

• Private
• Quasi-public institutions e.g. universities, institutes, schools,
hospitals

• Semi-public authorities, public limited companies, local authorities
and corporations
• Public authorities e.g. ministries, departments, directorates.
In the nature of flows dimension, the assessment scales are:
• Urine separation, with or without flush water i.e. yellow or brown
water
• Excreta collection
• Grey water collection
• Black water collection, i.e. urine, faecal matter including flush
water
• Domestic wastewater collection
• Combined sewage collection, i.e. industrial and domestic or
domestic and storm water or all three.
The assessment scales for end-user participation between participatory and technocratic dimension are:
• End-user construction and use without approval, design consideration and help of local artisans
• Artisan construction together with end-users without authority
approval
• Expert planning and design and artisan construction, with the
help of community service organisations
• Expert planning, design and construction, with sanitation
authority supervision
• Planning, design, construction, operation and maintenance by a
firm of experts, and monitoring and evaluation by end-users and
the authority
• Planning, design, construction and operation and maintenance
by a sanitation authority.

Table 3. Assessment scales for the technical scales of sanitary provision
Rank 	Settlement size	Sanitation type
1

Population (p.e.)

Household		Pit latrines		5-50
Dwelling unit		Septic tanks
Housing cluster	Eco-san

2

Community		Septic tanks		50-1500

			Bio-latrines
5	Neighbourhood

Decentralised sewerage

1500-5000

			Centralised sewerage
4	Small urban		

Decentralised sewerage

5000-50,000

			Centralised sewerage
5

Medium urban		Catchment		50,000-250,000

			Centralised sewerage
6	Large urban		

Centralised		

> 250,000
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Figure 7. Assessment of sanitary configurations in Kampala and Kisumu along modernised mixtures dimensions against centralised
(A) and decentralised (B) represented by six axes. Numbers refer to assessment scale categories as explained in the text
The different sanitary configurations (Fig. 7) are attributed to the
existence of the differentiated spatial structures, providers and service
levels inherent in Kampala and Kisumu cities (Letema, 2012).
Sanitary mixtures constitute a multiplicity of sanitary solutions exhibiting different configurations. Different sanitary configurations
require different spaces and institutional arrangements in order to fit
the local conditions. Therefore, different sanitary systems have their
own merits, but they have to meet general assessment criteria that
apply across systems.
A next step is the analysis of the degree of compliance with the
sustainability criteria of public and environmental health, accessibility
and flexibility, and elucidating the most critical performance indicator
t a specific location. Also in this analysis the proposed modernised
mixtures approach could be a useful analytical and assessment tool.
As a result of such an assessment, the limiting factor of a specific
sanitary provision that is responsible for inadequate system
performance will become transparent. Restructuring and improving
the sanitary provision can then be economically quantified against
opting for a complete novel service provision, such as a centralised
sewer system.
In our current research, the modernised mixtures approach has
been used to analyse sanitary system configurations in Kampala and
Kisumu (Letema, 2012). Suffice to say that this is the development of
assessment indicators and ranking scales for sanitary systems along

the four modernised mixtures dimensions of scale, management,
flows and participation (Fig. 7).
From the present analysis, six systems are discernible:
• Centralised urban sewerage
• Satellite sewerage
• Septic tanks
• Pit latrines
• Eco-san
• Bio-latrines.
Bio-latrines and eco-san, which are relatively recent technological
options in the East African landscape, are shared sanitation schemes.
We assume that the analysed and assessed systems apply across East
African cities. As an assessment tool, the modernised mixtures
approach has demonstrated that sanitary configurations can be
conventional (centralised), traditional (decentralised) or mixed
(hybrid). Besides, the assessments are not restricted to local conditions
or site specific factors, thus are generic and can apply to sanitary
systems in any East African city. Our present work (Letema, 2012)
also shows that the modernised mixtures approach is a prescriptive
tool with the assessment highlighting which social, technical or
spatial dimensions are modernised and which ones are not. However,
this is only the first part of making the modernised mixtures approach
operational – it is necessary to describe the modernised contexts,
assess the sanitary systems, map the sanitary configurations and
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define their boundary conditions. The second step should entail
development of a mathematical model for the modernised mixtures
approach based on the boundary conditions and configurations
espoused in this paper. The third step should be to validate the
conceptual and mathematical model through statistical survey data
to generalise it for developing and transition economies.

Concluding remarks
Sanitary provision in East African cities is a mixture and a flux of
technical and spatial scales and institutional arrangements. The
proposed modernised mixtures approach is based on the premise that
in an East African context, and implicitly in other developing countries with similar socio-economic and spatial structures, sanitary
provision will be rather a mixture, comprised of different technical
and spatial scales, multiple service providers and diverse institutional
arrangements. Such mixtures, however, ought to be brought up to
date using the modernised mixtures criteria of public and environmental health, accessibility and flexibility to attain sustainable urban
development and meet the MDG of halving the number of people
without improved sanitation by 2015 or the WHO/UNICEF Sanitation for All by 2025.
Sanitary mixtures are theorised as the co-existence of different phases
of modernity; in tandem with local context variables. Therefore, there
is no one-size-fits-all paradigmatic way to sanitary provision if the
local contexts, like spatial structure, socio-economic conditions and
level of environmental infrastructure development, are apparently
different even within the same city. However, a shift of the central-

ised-decentralised dichotomy to the modernised mixtures paradigm
offers a better impetus for enhancing the environmental health, accessibility and flexibility of sanitary mixtures as it optimises the advantages of both centralised and decentralised provisions.
The modernised mixtures approach is helpful in analysing, characterising, assessing, and prescribing sanitary systems in cities where sanitation mixtures are the norm rather than the exception. It is also very
helpful as a conceptual model for organising a research agenda which
can be developed along the four modernised mixtures dimensions, of
scale, management, flows and participation, as well as in searching for
appropriate modernisation pathways along one or more of the modernised mixtures provision dimensions. It is helpful to understand
not only the scope and nature of the modernisation debates, but also
to contextualise the modernisms of sanitary provision. As an assessment and decision-making tool, it is helpful to find out which aspects
highlighted in the assessment need to be restructured and which need
improvement in order to be modernised. However, more research is
needed on the process of score assignments along the modernised
mixtures dimensions and applied scales, followed by validation of the
conceptual model in actual urban planning.
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