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Abstract 
An increasing number of countries worldwide is becoming water-stressed, sub-Saharan Africa 

being one of the most recurrent regions within this discourse. Tanzania, one of the countries in 

the region, is no exception: large population growth has increased pressure on its precious water 

resources. The largest city, Dar es Salaam, has a poorly maintained and dimensioned water 

supply and wastewater system. However, as this system expands and more people are given 

access to the water network, the water consumption of the city is expected to increase. This is 

problematic for the whole city; however, peri-urban areas suffer the most from its 

consequences, e.g. periodical water shortages. This report seeks to investigate the potential for 

saving water in one of these peri-urban areas, Kibondemaji, by looking at fields of application 

and techniques for reuse of wastewater from showers. This is done via a literature review and 

interviews in the field in order to analyse and compare the different systems – reuse for tap 

water, irrigation and toilet flushing. The interviews showed that there is wide acceptance within 

the community for water reuse for toilet flushing but not for tap water or irrigation. Reuse for 

toilet flushing also requires less treatment than other fields of application, thus being the most 

promising technique for implementation in Kibondemaji. 
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Sammanfattning 

Vattenbrist är ett problem som drabbar allt fler länder och särskilt i subsahariska Afrika finns 

stora utmaningar inom vattenförsörjningen. Tanzania är ett av länderna i regionen som upplever 

detta, vilket delvis beror på att en stor befolkningstillväxt har givit upphov till ett ökat tryck på 

de värdefulla vattentillgångarna. Tanzanias största stad, Dar es Salaam, är inget undantag. 

Staden har ett illa underhållet och underdimensionerat vatten- och avloppssystem, något som 

inte blir bättre av att staden växer och vattenförbrukningen ökar. Detta är en utmaning för hela 

staden, men mest drabbade är de oplanerade områdena i stadens utkanter. Kibondemaji är ett 

sådant område, som bland annat lider av periodiska vattenunderskott. Denna studie har utrett 

möjligheterna för vattenbesparingar i Kibondemaji genom att undersöka användningsområden 

och tekniker för återanvändning av spillvatten från duschar. Detta har gjorts genom en 

litteraturstudie och intervjuer i Kibondemaji, för att analysera och jämföra de potentiella 

återanvändningsområdena: kranvatten, bevattning och toalettspolning. Intervjuerna visade att 

invånarna i Kibondemaji ställde sig positivt till vattenåteranvändning till toalettspolning, men 

inte för kranvatten eller bevattning. Återanvändning för toalettspolning är också det 

återanvändningsområde som kräver den enklaste reningsproceduren. Därmed utmynnar 

studiens resultat i att vattenåteranvändning för toalettspolning är den mest lovande tekniken för 

implementering i Kibondemaji.  
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Preface 
This project was carried out as part of the Global Development Hub (GDH), a programme in 

which the Royal Institute of Technology (KTH) in Sweden cooperates with different partner 

universities in Africa, south of the Sahara, in order to tackle different challenges related to 

global development. This particular project was done in collaboration with the College of 

Information and Communication Technologies (CoICT) at the University of Dar es Salaam 

(UDSM) in Tanzania, where the focus is on water-related issues, namely supply, transmission, 

coverage and quality. The local challenges were defined and addressed by the students, of both 

KTH and UDSM, together with the Dar es Salaam Water and Sewerage Authority (DAWASA). 

Several main challenges were identified, two of which will be addressed in this project: access 

to good quality water in unplanned areas and low sanitation coverage. 
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1. Introduction 
One of the United Nations’ Sustainable Development Goals is to “ensure availability and 

sustainable management of water and sanitation for all“ (UN Water, 2018). This is highly 

relevant since today almost 1.2 billion people, or roughly a fifth of the world population, live 

in areas prone to water scarcity (FAO, 2016). Nearly half of the Earth’s population, 

approximately 3.8 billion, live in potentially water scarce areas at least one month per year, 

which is thought to increase to 4.8-5.7 billion people by the year 2050 (Burek et al., 2016). 

Water is essential in reducing the prevalence of diseases, thereby improving health, welfare and 

productivity in societies. Additionally, water is the core resource in adapting to climate change, 

in which it works as a central link between the climate system, society and the environment 

(UN Water, 2018). One of the most apparent uses of water is for drinking and sewerage, 

nevertheless this is far from ubiquitous. 

 

Sub-Saharan Africa is one of the most recurring regions within the discourse on water access 

and water quality, which is unsurprising, given that it has the most countries experiencing 

economic water scarcity (International Water Management Institute, 2007). As a consequence 

of ongoing urbanisation, people are living in increasingly dense areas where the availability of 

safe drinking water and sanitation poses an important challenge. Dar es Salaam, The Peaceful 

Haven, on the coast of Tanzania, is one of the fastest growing cities in sub-Saharan Africa, with 

a population of approximately 6 million people (Tanzania National Bureau of Statistics, n.d.) 

and a population density of 3,100 people per square kilometre (World Population Review, 

2018). An estimated 72 percent of its residents are connected to the drinking water system, with 

the figure expected to increase to 95 percent by the year 2020 (Kazoka, 2017), whereas only 10 

percent are connected to the sewerage system (Rodgers and Robert, 2017), both of which are 

the responsibility of the Dar es Salaam Water and Sewerage Authority (DAWASA). The 

authority has consequently presented access to water of good quality and low sanitation 

coverage as two of their main challenges.  

 

This is especially a problem in unplanned, peri-urban areas. Peri-urban areas are developed 

between urban and rural areas, dealing with similar problems as an urban area without enjoying 

the benefits provided by centralised systems. Since these areas are often unplanned and situated 

far from centralised facilities, they do not have the same provision of infrastructure as the urban 

areas. At the same time, they are usually affected by problems connected to urban areas, such 
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as environmental degradation resulting from the large accumulation of waste and pollution 

(Schramm, 2011).  

 

The marginalisation of peri-urban areas also leads to social and health-related challenges. With 

regard to water access and sanitation, the World Health Organization (WHO) and United 

Nations Children’s Fund (UNICEF) (2017) state that “women and girls are responsible for 

water collection in 8 out of 10 households with water off premises”. This unequal gender 

distribution limits women from participating in other activities as well as reinforcing the 

patriarchal structure, in which men are to be excused from such chores. Women and girls are 

also disproportionately affected by the lack of sanitation facilities, in which the sharing of such 

facilities is a danger to their personal safety and dignity (UN Water, 2018). 

 

Lack of access to improved sanitation facilities, which are defined as sanitation systems which 

“safely separate excreta and wastewater from human contact” (UN Water, 2018) as well as 

clean water, pose a risk as a source of contagion. As a consequence, nearly 1,000 children die 

every day due to preventable water and sanitation-related diseases (UN Water, 2018). Dar es 

Salaam is not an exception to this, as it has suffered from several cholera outbreaks, the last one 

being in 2015. One of the areas most affected by this was Kibondemaji (Sippy, 2017), an 

unplanned, peri-urban area in the south-western part of Dar es Salaam, which has struggled 

greatly with sanitation coverage as well as access to clean and affordable potable water. There 

is therefore a need to improve the water situation in Kibondemaji.  

 

Moving forward, several experts have claimed that wastewater reuse is one of the most 

promising techniques for water supply for the future (Nagara et al., 2015). It is especially 

suitable for increasingly populous areas, such as Dar es Salaam, since it is the only water source 

which increases as the population grows. 

 

1.1. Research aim 
The main aim of this project is to study how systems for water supply could be (re)designed 

and implemented in the Kibondemaji peri-urban area. In order to cope with rapid population 

growth, it is necessary to use existing water resources efficiently, while at the same time 

ensuring good water quality. One possible way of achieving this sustainable water management 

is via urban water reuse. Therefore, one objective of this study is to provide an overview of 
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possible techniques that have been implemented in order to reuse water in other areas. It is, 

however, not conceivable to implement a solution which is not in compliance with the 

preferences of the inhabitants of Kibondemaji. Therefore, another objective of this study is to 

contextualise the proposed system by investigating public opinion on the current pattern of the 

water consumption and supply system. The last objective is to compile the findings by SWOT 

(strengths, weaknesses, opportunities and threats) analyses in order to compare the different 

techniques to find the best solution for water reuse in the area.  
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2. Methodology 

This study is carried out in three broad phases: a literature review of techniques that have been 

implemented to accomplish water reuse in other areas, a case study involving interviews in 

Kibondemaji, SWOT analyses and a discussion about the best solution for Kibondemaji.  

 

2.1. Exploratory literature review  
A literature review can be of an evaluative, exploratory, or instrumental character (Adams et 

al., 2007). The literature review in this report is of an exploratory kind: it seeks to get a broad 

overview of the topic, that is, to explore the existing academic literature on empirical studies 

related to water supply and efficient water use. The examined literature includes different ways 

to streamline and improve the water supply systems in peri-urban areas by water reuse. The 

different findings were integrated within the objective for this report, namely different ways of 

accomplishing reduced water consumption as well as the applicability and limitations of these. 

Moreover, in this part, the data for the SWOT analyses was gathered. 

 

2.1.1. Sources 
The sources used for this review are all primary sources since they consist of academic articles. 

In these, the findings have been concluded through experiments conducted via a scientific 

methodological framework and afterwards having undergone scrutiny by scholars within the 

area, thus having a high reliability. The sources are found through the Primo database, using a 

combination of the following search terms: water supply, decentralised, centralised, 

semicentral, greywater, water reuse, peri-urban, Dar es Salaam, Tanzania, toilet flushing, 

drinking water, filtration, centrality, recycle, potable, risks and diseases. 

 

2.2. Interviews 
In order to gain better awareness of the current water situation in Kibondemaji, as well as the 

possibility of implementing the proposed solutions, a series of interviews with the residents of 

Kibondemaji was conducted on the 29th of March 2019. The interviews lasted for 

approximately 10-15 minutes each, with questions covering three main topics: water source, 

toilet solutions and the possibility of implementing the proposed solutions. The questions 

regarding the proposed solutions were based on the literature review in order to gather the 

relevant information needed to assess the possibility of implementation in Kibondemaji. The 
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list of questions can be found in Appendix A. The questions were, however, not phrased in 

exactly the same way in every interview, and usually a number of follow-up questions were 

also asked. 

 

Ten different people from ten different households in Kibondemaji were interviewed. The 

interviews took place in collaboration with a local guide with connections to the community, 

who initiated the contact with the households as well as explained the reason behind the 

interviews. All the households were located in the same area of Kibondemaji ward, the 

Kibondemaji A mtaa. 

 

The interviews were conducted in Swahili, which is the language most commonly spoken in 

Tanzania. Many Tanzanians have another mother tongue, which is connected to the many tribes 

in Tanzania, but Swahili is used as a lingua franca, or bridge language, when communicating 

between different ethnic groups (Gangji et al., 2015). Since the people in Dar es Salaam come 

from many different ethnic groups, with different mother tongues, Swahili is the most used 

language in the city, and it should therefore be a language in which the interviewees feel 

comfortable to express themselves.  

 

Previous studies have established that women in Dar es Salaam are the ones mainly in charge 

of household chores, such as water collection, washing, cleaning and other activities requiring 

large amounts of water (Rugemalila and Gibbs, 2015, Kjellén, 2006). This household division 

was expected to be visible in Kibondemaji as well, and therefore a majority of the interviewed 

inhabitants were women.  

 

2.2.1. Estimation of water consumption 
To analyse the effect and feasibility of the proposed solutions for water reuse, the current water 

consumption was estimated. The estimation was done based on data gathered during the 

interviews in Kibondemaji. The interviewees were asked to estimate both their total water 

consumption in a day, and the water consumption for some specific activities, mainly showering 

and toilet flushing. The gathered data was then compared with Tanzania’s Ministry of Water 

and Irrigation’s general estimations, which can be found in Design Manual for Water Supply 

and Waste Water Disposal (2009). 
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It would be unreasonable to ask the interviewees about every water-related activity, and 

therefore showering and toilet usage were chosen. They were considered to be of primary 

interest since they require large amounts of water as well as representing distinct uses of water. 

In several countries, with different preconditions, showering is the household activity which 

requires the biggest amount of water (Almqvist et al., 2007, Jamrah et al., 2008). Toilet flushing 

is also a water-intense activity, which does not necessarily require the same water quality as 

showers.  

 

The water consumption is expected to vary during the year due to an increased need for showers 

and irrigation during the hot and dry season, as shown by, for example, Akuoko-Asibey et al. 

(1993). This seasonal variation will also be estimated based on data gathered during the 

interviews. The best data for this would be recurring interviews at different times of the year. 

Unfortunately, this is outside the possible scope of this report; instead, some of the interview 

questions will be on this topic. 

 

2.3. Evaluating and comparing the solutions 
To evaluate the proposed solutions for water reuse, SWOT (strengths, weaknesses, 

opportunities and threats) analysis was used. This is a method originally intended for business 

evaluation, but other studies have shown that it can also be a useful tool for the evaluation of 

water solutions (Nagara et al., 2015). SWOT analysis is used in a systematic way, in order to 

present the benefits and disadvantages of the different techniques.  

 

SWOT analyses present both the current conditions for the different techniques, in the form of 

strengths and weaknesses, as well as the possible future conditions, in the form of opportunities 

and threats. One SWOT analysis was made for every water reuse solution identified in the 

literature review. The SWOT analyses were made based on the situation in Kibondemaji, with 

data collected during the literature review and the interviews. It is therefore possible to use the 

SWOT analyses as a basis for the most appropriate solution for implementation in Kibondemaji. 

Important factors in the decision are technical, economic and social considerations. 
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3. Water supply systems 

This section contains information about different ways to study water systems, mainly by 

introducing the concept of centrality and different types of water. This is followed by different 

solutions for water reuse. Not all possible solutions can fit into this section, therefore the focus 

is on systems which reuse wastewater, since a number of experts have claimed that wastewater 

reuse is one of the most promising techniques for water supply for the future (Nagara et al., 

2015). 

 

3.1. Levels of centrality 
Systems for water supply and treatment can be organised in a number of different ways. One 

way to differentiate between different systems is by their organisation, that is, how centralised 

or decentralised they are. Every organisational structure comes with its own advantages and 

disadvantages, which means that they are equipped to handle different problems an area can 

face. 

 

3.1.1. Centralised systems 
A water system is centralised when all, or most of, the effluents and/or influents converge into, 

or diverge out from, one central point. Since the 1800s, centralised facilities have played a 

primary role within urban systems for water supply and wastewater treatment. This is the 

primary solution in many European cities where all the water is provided by one big network 

which covers an entire city. It is however not necessarily the best solution moving forward.  

 

For rapidly growing population, a centralised supply and treatment system could be 

economically challenging due to its poor flexibility and redimensioning capabilities. This 

requires the treatment capacity of the technical units to be much higher than the individual 

demand. Centralised systems also have a long-term capital commitment, since they require a 

huge grid network. (Bieker et al., 2010) 

 

3.1.2. Decentralised systems 
An emerging topic of interest is decentralised wastewater treatment systems, which offer a cost-

effective alternative in areas where centralised systems are unsuitable, that is, in unsewered and 

small communities, for instance in rural or peri-urban settings (Chung et al., 2008). These 
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decentralised systems are typically composed of on-site treatment facilities for every household, 

which are not connected to each other or the city in whole. This means that many units have to 

be produced and installed, thus leading to a higher construction and installation cost. However, 

from an operational point of view, they can be more sufficient. In a study conducted by Woods 

et al. (2013), the environmental and economic advantages of centralised and decentralised 

systems were examined. They concluded that decentralised settings could be more cost-

effective than a centralised system due to reduction in treatment capacity costs and potable 

water transmission costs. They also concluded that the decentralised system is less vulnerable 

since it is rather self-sustained and thus the risks are spread among different units. 

 

3.1.3. Semicentralised systems 
Within areas characterised by low population densities, decentralised systems could be a viable 

option, but in densely populated urban areas, these household level systems pose an operational 

risk as well as a problem due to the limited availability of space. In these areas, a hybrid of the 

twain is needed, that is, a semicentralised approach, which can act as an agglomeration of 

central hubs supplying water and water treatment for a smaller number of households. It is 

important to note that it is not the size of the systems that makes it semicentralised, but rather a 

more compact intra-urban structure for water supply. Thus, the semicentralised systems focus 

on district units instead of the conventional centralised city-wide networks. Furthermore, 

semicentralised systems are less vulnerable to external influences, even during natural disasters 

like floods or earthquakes which could cause a complete system failure in the centralised 

system. (Bieker et al., 2010) 

 

3.2. Different types of water 
The water purity can vary immensely due to different contaminants. In order to have a 

framework for water quality analysis, water could be categorised in terms of its origin as well 

as its level of purity, that is, what substances it contains. All sewage water can be classified as 

wastewater. Wastewater can originate from both industrial and domestic usage. Domestic 

sewage can then be divided further: domestic sewage originating from shower, bath, kitchen, 

sinks and laundry activities will henceforth be called greywater. Conversely, water that has 

been in contact with faecal matter, that is, water originating from sanitation facilities, such as 

toilets and urinals, will be called blackwater. Blackwater contains most of the organic matter 

and pathogens, thus posing a larger contamination risk (Morel and Diener, 2006). In order to 
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complete this division, a final category, tap water, is introduced, addressing water which has 

undergone a more thorough purification process in order to be used for cleaning purposes, 

showering, kitchen activities and potentially for drinking. 

 

As mentioned before, blackwater contains faecal matter which has a high concentration of 

heavy metals: 60 to 70% of cadmium, zinc, copper and nickel in domestic wastewater comes 

from blackwater (Godfree and Godfrey, 2008). Greywater, on the other hand, contains other, 

generally lighter, chemical and microbiological contaminants which are fairly biodegradable, 

however, varying between different sources (Widiastuti et al., 2008). Greywater originating 

from laundry generally contains less phosphorus (P) and nitrogen (N) (Li et al., 2009) and has 

a higher pH level, in the range of 8-10, due to chemical products, compared to, for instance, 

greywater originating from the kitchen (Eriksson et al., 2002). In a study in Dhaka City, 

Bangladesh, it was found that mixed greywater could have a pH level varying from 6.43 to 7.35 

(Tamanna et al., 2011). 

 

Biochemical Oxygen Demand (BOD) is a measure of the amount of organic carbons oxidisable 

by bacteria, thus serving as an indicator of organic pollution (Sawyer et al., 2003). Different 

scholars have reported different levels in greywater, but an average of these can be deduced for 

water originating from different sources. BOD in laundry greywater is 50-500 mg/L (Eriksson 

et al., 2002). Pidou et al. (2008) found that the BOD concentration in greywater originating 

from showers ranges between 130-200 mg/L whereas in mixed greywater, the concentration is 

between 22-55 mg/L. 

 

Another important factor concerning water quality is turbidity. Silt, sand, mud, bacteria and 

chemical precipitates can give rise to higher turbidity. Turbidity is a measurement of the 

concentration of suspended particulates in water, which is measured in Nephelometric Turbidity 

Units (NTU) (Wijnen et al., 2014). It is important to analyse turbidity, particularly in domestic 

water supplies, since it can interfere with filtration and treatment systems. If water is 

chlorinated, even a low level of turbidity could prevent the disinfection process. (WHO, n.d.) 

Preferably, turbidity should be below 1 NTU in order for the disinfection process to function 

properly (Hrudey, 2004). The level of turbidity in greywater typically varies between 22 and 

200 NTU (Jeppersen and Solley, 1994). 
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3.2.1. Risks 
When dealing with water systems that could contain harmful substances such as toxic chemicals 

or microbiological contaminants, there is a risk of cross-contamination if these are handled 

haphazardly, both batchwise in containers and continuously such as through pipes, from point 

of source to point of use. This risk is present due to the existence of human error and could be 

mitigated by precaution measures, e.g. monitoring of handling procedures. The lack of 

monitoring could be a potential hazard not only due to the risk of cross-contamination but also 

a general fault in the potential treatment process, for instance, if the equipment is inadequate. 

 

The WHO (2008) writes about microbial pathogens related to water supply systems, the most 

common and widespread being viruses, pathogenic bacteria and parasites (e.g. helminths and 

protozoa). The population exposed, severity of the disease(s) associated with the pathogens and 

their infectivity are what determines the public health burden. Large-scale contamination may 

occur if there is a breakdown in water supply safety, something which can potentially lead to 

detectable disease outbreaks. Other low-level breakdowns may lead to significant sporadic 

diseases. 

  

There is a diverse range of pathogens that may be transmitted via water systems. This spectrum 

is dependent on the scale of human and animal populations as well as the escalating use of 

wastewater, medical interventions and population movement, all of which risk fostering new 

pathogens and mutants of existing ones. It is important to note that drinking water safety is not 

solely related to faecal contamination. There is also the risk of organism growth in piped water 

distribution systems, for instance Legionella, whereas others may occur in source water, such 

as the guinea worm Dracunculus medinensis. These may cause outbreaks and individual 

sporadic cases of illness. Some typical waterborne pathogens, including microorganisms such 

as Escherichia coli (E. coli) and Campylobacter are able to accumulate in the sediments and 

mobilise when water flow increases. Most pathogens, after leaving the body of their host, will 

gradually lose viability and ability to infect. Their persistence is affected by many factors such 

as the genetic composition of the pathogen, temperature and UV exposure. 
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3.3. Reuse of greywater 

One way to accomplish reduced water consumption, and thus become more self-sustaining, is 

by creating closed loops in a system. An example of a topic that during recent years has been 

investigated further is the potential reuse of greywater. 

  

In average, greywater generation varies between about 90-120 litres per capita per day (Lpcd). 

It varies from country to country due to a vast number of factors such as gender, age, living 

standard, habits and the level of water abundance. Moreover, it varies between different 

climates, where a positive correlation is thought to be found between the amount of greywater 

and the temperature. Thus, in hot countries more greywater is usually generated compared to 

countries with a colder climate. An example of this is Oman, which has an estimated greywater 

generation rate of approximately 151 Lpcd corresponding to about 82% of the country’s total 

freshwater consumption; 56% of the greywater originates from showers, 28-33% from kitchen 

activities, 6-9% from laundry and 5-7% from sinks. (Jamrah et al., 2008) Sweden, as a 

representative of a country with a cold climate, has an estimated greywater generation rate of 

120 Lpcd, according to the Swedish Environmental Protection Agency (Naturvårdsverket, 

2006). On average, this corresponds to 86% of an individual’s total freshwater consumption of 

140 Lpcd (Sydvatten, n.d.). According to Almqvist et al. (2007), 44% of greywater originates 

from showers, 12% from kitchen activities, 19% from laundry and 25% from sinks. 

 

In terms of greywater treatment, many new technologies have been developed (Gross et al., 

2007, Ogoshi et al., 2001). However, the varying composition of greywater presents major 

difficulties for treatment. Treated greywater should fulfil the following four criteria: hygienic 

safety, environmental tolerance, aesthetics, and economic and technical feasibility (Department 

of Health Western Australia [DHWA], 2002). However, the prerequisites depend on the scopes 

of use of the treated greywater. It could have several different fields of application: tap water, 

irrigation or toilet flushing (Lombardo, 1982). 

 

3.3.1. Tap water 
In several places around the world, wastewater, which includes greywater, is reused indirectly 

as tap water. This means that the wastewater streams end in the same recipient that is used as a 

freshwater source. If the practice is unplanned and uncontrolled, which is the case in many 

developing countries, lack of efficient wastewater treatment can pose a serious health risk for 
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the users. However, with proper treatment, wastewater reuse can be a safe strategy to replenish 

precious freshwater sources in water scarce areas. (Jiménez and Asano, 2008) 

 

Direct wastewater reuse, in which treated wastewater is fed directly to the water supply system, 

is not at all as common as indirect reuse. Only one city, Windhoek in Namibia, has been using 

that strategy for a longer period of time. Windhoek is inhabited by roughly 250,000 people who 

receive part of their tap water from the Goreangab water reclamation treatment plant. 

Goreangab was built in the late 1960s, and has since then contributed to 12-18% of Windhoek’s 

yearly tap water supply. (van der Merwe et al., 2008) 

 

To guarantee that the water is of good quality, the wastewater goes through an extensive 

treatment process, which consists of the following steps: 

1. Pre-ozonation: primary adding of ozone to water, which kills microorganisms and 

removes some organic and inorganic pollutants; 

2. Flocculation: removal of particles by clumping them together and then letting them 

settle; 

3. Dissolved air flotation (DAF): dissolving air in water under pressure, which leads to the 

removal of suspended matter; 

4. Rapid sand filtration: filtration of water through sand, which removes turbidity; 

5. Ozonation: adding of ozone to water, which kills microorganisms and removes some 

organic and inorganic pollutants; 

6. Two granular activated carbon-filters (GAC): filtration of water through a bed of 

activated carbon, which removes chemicals and turbidity; 

7. Ultrafiltration: filtration of water through semipermeable membranes, which removes 

any remaining larger substances. 

 

The many treatment steps are necessary to achieve the quality standards and obtain security 

barriers. This means that some of the treatment processes tackle the same pollutants, so that if 

one would fail or malfunction, another treatment process would take its role. Other safety 

measures that are used are continuous monitoring and a wastewater quota, which states that not 

more than 35% of the water supply in the service system can originate from wastewater. (van 

der Merwe et al., 2008)  
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Due to the many treatment steps, direct wastewater reuse as tap water is an expensive technique. 

In 2007, the cost of Goreangab water reclamation plant was estimated to be 1.05 USD/m3, 

which is considerably higher than the estimated price of groundwater, 0.25 USD/m3, and 

surface water, 0.82 USD/m3, in the area (van der Merwe et al., 2008). These prices will vary 

between different places depending on the quality and accessibility of the different water 

sources, but the trend will still be visible. 

 

Another problem with wastewater reuse is public perception. Many people are opposed to the 

idea of drinking reclaimed wastewater, no matter how much cleaning it has undergone. In 

several places, mainly in Australia and the western United States, public opposition has stopped 

water reuse plans from being implemented (Mainali et al., 2011). The opposition is generally 

lower when wastewater is reused indirectly, as is the case in many areas. 

 

3.3.2. Irrigation 
Another potential field of application for greywater reuse is for the irrigation of crops and fields. 

As an example, in Los Angeles City, an annual saving of 12-65% of freshwater was 

accomplished by reusing greywater for irrigation (Sheikh, 1993). Using treated wastewater for 

irrigation is already a major part of the overall water management plan in many countries: in 

Israel, agricultural irrigation stands for 70% of the reuse of treated wastewater (Mekorot, 2007).  

 

Greywater, on the other hand, is mistakenly perceived as being relatively “cleaner” than, for 

instance, blackwater, which has led people to use it for irrigation of their own gardens without 

being treated sufficiently (Gross et al., 2007). It has been documented that long-term greywater 

irrigation can have negative effects on cultivation, such as soil hydrophobicity (Chen et al., 

2003, Tarchitzky et al., 2007, Wallach et al., 2005). According to a study conducted by Travis 

et al. (2008), the presence of oil and grease in greywater affects the ability of hydro-absorption, 

making the soil water-repellent in the long-run.  

 

Greywater also contains concentrations of other substances with potential detrimental effects 

to health and the environment. For instance, it contains salts (Friedler, 2004) and surfactants 

(Wiel-Shafran et al., 2006) which can accumulate in the soil, enhancing the properties of the 

soil and causing toxicity to plants (Gross et al., 2005). It also contains synthetic chemicals which 

can be absorbed by the plants and/or percolate down to the groundwater (Eriksson et al., 2002). 
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Madyiwa et al. (2004) conducted a study on the long-term impact that treated greywater has of 

being irrigated on pasture for over 30 years. It was concluded that lead and cadmium were 

absorbed by plants, thereby making the plants a potential source of toxins for animals and 

humans. Another major threat to human health are the microbial contaminants, which can be 

suspended in greywater and cause diseases (Gross et al., 2007). 

 

However, Rodda et al. (2010) found in their study that greywater could be used for irrigation 

and even act as a low-grade fertiliser if used untreated. The authors found that this could 

enhance the growth positively as well as improve the nutrient content compared to crops 

irrigated with tap water. These results were only valid for below-ground irrigation with 

greywater, since application methods in which plant leaves come in contact with the greywater 

may have adverse effects. Moreover, precautions have to be taken in regard to the increasing 

salinity and accumulation of metals resulting from this type of irrigation. In a survey of 

greywater quality in unsewered settlements, made by Carden et al. (2007) in South Africa, 

greywater was found to have a higher concentration of pollutants than what is usually reported 

in developed countries. 

 

Guidelines in order to assist users in irrigating safely are required. However, the existing 

guidelines in many countries do not distinguish between greywater and wastewater. This makes 

the legal status of greywater use as well as the directions for allowable reuse ambiguous (Rodda 

et al., 2010). However, Rodda et al. (2011) have concluded that in some municipalities in South 

Africa, notably eThekwini Municipality in Durban, trials have been conducted into the use of 

greywater for the irrigation of food crops in both peri-urban and rural settlements, with 

promising results. There is, however, hesitation to introduce large-scale implementations due 

to a lack of supporting scientific knowledge on the human health and environmental 

implications, in the local context in particular. 

 

The quality standards for water used for irrigation is a rather broad topic; there is an extensive 

amount of different regulations. They could differ depending on the type of crop, type of 

irrigation system as well as the water quality parameters (Norton-Brandão et al., 2013). The 

WHO (1989) published international guidelines for reuse of water for irrigation of food crops. 

However, these guidelines have not been as influential as the WHO guidelines regarding 

drinking water and instead the guidelines set by California in the United States of America, the 

so-called California Title 22, were more likely to be used in many countries (Godfree and 
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Godfrey, 2008). In 2006, the WHO guidelines were reviewed in order to harmonise and 

combine the two different approaches in order to acquire a uniform framework (WHO, 2006). 

This framework mainly describes the standards in terms of E. coli and helminth eggs, which 

pose a menace to human health if not removed.  

 

3.3.3. Toilet flushing 
As aforementioned, one potential field of application for greywater reuse, being the most 

common in urban areas, is for toilet flushing (Dixon et al., 1999, Karpiscak et al., 1990). For 

example, Ghisi and Ferreira (2007) concluded that this could save between 29 and 35% of the 

consumed water. Nevertheless, the water-saving potential depends on a number of different 

factors. For example, Campisano and Modica (2010) found a negative correlation between toilet 

cistern volume and water-saving potential. 

 

Greywater could thus be used for toilet flushing after it has been treated, as stated by, for 

example, the International Plumbing Code (IPC 2000 Appendix C), which emphasises that it 

first needs to be disinfected (GWPP, 2005). However, the standards vary among different 

agencies. An example of water standards used for toilet flushing is the United States 

Environmental Protection Agency (USEPA), which highlights that the water has to undergo 

both filtration and disinfection in order to be used. Moreover, the effluent has to have the 

following characteristics: BOD concentration below 10 mg/l, no detectable faecal coliforms in 

100 ml, residual chlorine not exceeding 1 mg/l, pH within the range of 6-9, and turbidity no 

more than 2 NTU (Al-Jayyousi, 2003, Li et al., 2009). If this level of turbidity is exceeded, 

sediments are likely to form on the bottom of the toilet cistern. This might not be a problem in 

itself, but it could be a hotbed for harmful microbial growth, which can pose a severe risk if 

spread (Nealson, 1997). 

 

In order to treat the greywater and enhance it to the aforementioned quality, several methods 

are available, which can be used both independently and in combination. For filtration of the 

greywater, Widiastuti et al. (2008) suggest that natural zeolites could be used, which have 

proven to be both environmentally friendly and economically viable. Natural zeolites are 

hydrated aluminosilicate materials, which have exceptional sorption and ion-exchange 

properties. They have been shown to remove metal ions from wastewaters as well as organic 

substances such as microbes, virus, bacteria and fungi. Furthermore, zeolites are compact in 
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size and allow cheap and simple maintenance in treatment plants. The efficiency of the natural 

zeolites for water treatment is nonetheless dependent on factors such as ionic strength, pH value, 

pressure, temperature, contact time and the presence of anions and other organic compounds. 

The use of natural zeolites for treating wastewater is an old process that has proven to be quite 

effective in comparison with other methods, since they offer excellent resistance to biological, 

chemical, thermal and mechanical changes. (Caputo and Pepe, 2007) 

 

For removal of organic compounds, artificial wetlands are the most common method (Ghisi and 

Ferreira, 2007, Li et al., 2009). However, this solution is impractical in densely populated peri-

urban areas such as Kibondemaji, where space is a scarce commodity. An alternative could 

instead be mulch towers, which have been studied by Zuma et al. (2009), or a combination of a 

bioreactor, settling tank and disinfection stage as proposed by Goddard (2006) and Eriksson et 

al. (2002). A settling tank, or sedimentation tank, is used to separate suspended particles from 

the water. The separated particles sediment as sludge at the bottom of the vessel and can be 

removed at a later stage (Gregory and Edzwald, 2010). Disinfection is usually done through 

chlorination of the water in order to kill bacteria and microbes. Gual et al. (2008) concluded in 

their study that filtration combined with chlorination is necessary in order to use the greywater 

for toilet flushing. 

 

In a study conducted in Spain by March et al. (2004) the potential for reusing greywater from 

bathtubs and hand-washing basins was investigated. They found that the treatment plant can 

consist of a filtration unit, sedimentation unit and disinfection unit using hypochlorite. The 

study showed that the necessary storing time should not be below 48 hours in order to ensure 

complete disinfection throughout the system. 
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4. Kibondemaji 

Kibondemaji is a new administrative ward in south-western Dar es Salaam located in the 

Temeke district, which is south of Kisutu, Dar es Salaam’s business district. The ward borders 

Mbagala Kuu in the north and Toangoma in the west (Figure 1) and is made up of four 

neighbourhoods, or mitaa; Kibondemaji A, Majimatitu, Kimbangulile and Mchikichini. None 

of these unplanned areas has any exact geographical demarcation, which means that the same 

is true for the Kibondemaji ward. (Kazingoma, 2019) 

 

 
Figure 1. A satellite map of Kibondemaji ward and its known borders (Modified: Google Maps, 2019).  
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As visible on the satellite map (Figure 1), Kibondemaji is made up of a somewhat unstructured 

collection of small houses. Most of the houses are single storey-homes, which generally house 

one household. During the interviews in the area, one interviewee mentioned that there was 

another family which rented part of their house, but all other interviewed homes housed only 

one household. The household size varied between 3 and 30, with an average household size of 

approximately 10 people (Table 1). 

 

Between the houses run small, winding, dirt roads, generally not wide enough for a car to pass. 

Still, most homes are built in connection to each other or with high fences, thus creating small 

courtyards shielded from the roads. The courtyards are used as an extension of the house, as a 

place to cook, clean and socialise.  
 

The name Kibondemaji is made up of two Swahili words, kibonde meaning dell or valley and 

maji meaning water, hence meaning “valley of water” (TUKI, 2000). This is a somewhat ironic 

name, since the ward previously struggled with problems of water accessibility. Not long ago, 

most people in the ward obtained their water either from shallow wells or expensive street 

sellers. Shallow wells risk contamination from nearby pit latrines, which explains why 

Kibondemaji was one of the areas most affected by the cholera outbreak that affected Dar es 

Salaam in 2015 (Sippy, 2017).  

 

After the outbreak, two non-governmental organisations (NGOs), WaterAid and People 

Development Forum (PDF), started cooperating in order to improve the water situation in 

Kibondemaji. Together with DAWASA, they have managed to find a way to provide most 

people in the area with water and the next step is to improve the sanitation system as well 

(Kazingoma, 2019, Sippy, 2017).  

 

4.1. Current system for water supply and sanitation 
According to Elias Kazingoma (2019) – project coordinator at PDF in Temeke – and the 

interviews conducted, most of the people in Kibondemaji obtain their water from water taps in 

their yard or in close proximity to their houses. The water comes either from DAWASA or from 

private wells, which are usually connected to an electric pump. During the interviews, the 

people connected to DAWASA all reported problems with continuity of water supply. Several 

people had not received water for over a month, due to a broken pump in DAWASA’s 

distribution network. Others said that they usually have more problems with water supply 



19 
 

during the dry season and one interviewee stated that they only had water from DAWASA one 

day every week. In order to cope with this, everyone had some sort of alternative water source. 

Most people had access to water from a neighbour, who obtained their water from a private 

well and one person said that the household sometimes bought water from private water 

vendors. 

 

The households which obtained their water from wells did not report the same problems 

regarding water supply. Some people said that they did not receive any water during power 

outages because the pumps need electricity to work. Two of the households with private wells 

solved this by having water tanks which were filled when possible and worked as a backup 

during power outages. The people who received well water from a neighbour did not use this 

strategy and therefore reported it as a problem. However, none of them claimed to have any 

particular problems during the dry period, although one household reported that there was more 

water during the rainy season. 

 

A clear majority of the interviewees said that they used the same water source for all their water 

consumption, and only one said that they bought their drinking water separately. About half of 

the people, however, stated that they boil their water before 

drinking since it would not be healthy to drink the water 

directly. This habit was as common for households 

connected to DAWASA as for those with water from wells. 

However, one interviewee, with water from a well, said 

that they boiled their drinking water even though water 

from wells is clean enough to drink without being boiled. 

 

According to Kazingoma (2019) only 10% of the 

inhabitants in the Temeke district are connected to the 

sewage system, but this does not include anyone in the 

Kibondemaji ward. Instead, the most common solution is 

pit latrines, which can either be used directly or in 

connection to a flush toilet closer to the house. During the 

interviews, most people said that they had a flush toilet 

(Figure 2) connected to a nearby pit. Only one person said 

that their household used the pit latrine directly.   Figure 2. A typical flush toilet in 

Kibondemaji (Own photo, 2019). 
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The latrines are then emptied by trucks with vacuum tanks, which transport the sludge to a 

nearby treatment plant. This is however not always possible due to the fact that many unplanned 

areas lack the necessary infrastructure for the trucks to gain access to the pits. Therefore, many 

people use a so-called frogman instead, which is someone who gets paid to empty the pits 

manually. This is usually done during the rainy season, when the rain helps cleanse the pit, 

leading to a risk of contamination of nearby water sources. (Kazingoma, 2019) 

 

The remaining wastewater, the greywater, is usually disposed on the ground outside the house. 

This was true for all but one household in the interviews, but two of them said that they also 

sometimes reuse the greywater for cleaning and/or irrigation of flowers. The interviewee who 

did not empty the wastewater on the ground used the toilet for that purpose instead. 

 

Tanzania’s Ministry of Water and Irrigation has published the Design Manual for Water Supply 

and Waste Water Disposal (2009) that is to be used when planning for water supply. This 

contains, among many things, a classification of different urban housing. Using this 

classification tool, Kibondemaji would be low income group housing (LIG-F) formal, which is 

described as follows: 

“This group is found mainly on urban outskirts or in peri-urban areas but the building 

is of permanent materials. Generally of high density development [sic]. Dwellings, if 

connected to the water supply, are normally furnished with yard taps and very simple 

piping. Inside installations are rare and there is only an outside water point for dish and 

clothes washing. Pit latrines are provided for sanitation.”  

(Ministry of Water and Irrigation, 2009) 

 

4.1.1. DAWASA and the centralised system 
Several interviewees received their water from the centralised system, provided by DAWASA, 

which is the authority responsible for water and sewerage in Dar es Salaam. DAWASA in turn 

takes most of their water from surface water sources, mainly from the Upper and Lower Ruvu 

plants on Ruvu River (Rugemalila and Gibbs, 2015). Some water is also taken from the Mtoni 

plant on Kizinga River. The three surface water sources are supplemented with groundwater 

from deep boreholes, which according to Mato (2002) are connected to the water supply system 

without treatment. 
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As for the wastewater treatment, Kibondemaji is not included in the central sewage network 

which DAWASA provides for some parts of Dar es Salaam (Kazingoma, 2019). However, in 

this system, the sewage does not undergo any treatment except for through natural 

decomposition in waste stabilisation ponds. These ponds are in substandard conditions due to 

the fact that they have been inadequately designed: local circumstances, such as the climate, 

have not been taken into consideration. This, together with a lack of maintenance and overload, 

has resulted in the effluents containing higher concentrations of contaminants than what is 

allowed (Yhdego, 1989). 

 

4.2. Water consumption 
The interviewees’ estimation of their total water consumption varied greatly between the 

different households, ranging from approximately 17 to 70 Lpcd. Many people said that it was 

hard to estimate the total consumption, which was also clear when comparing the numbers from 

the different activities. For a majority of households, the water consumption for showers and 

toilets amounted to more than the estimated total consumption and therefore the estimations of 

total water consumption should not be used at all. 

 

In terms of water consumption for specific activities, most of the people were sure of their 

usage. For showering, the average person used 1 bucket, or 15 litres, per shower 2-3 times every 

day, which means an average of 34.3 Lpcd (Table 1). For toilet flushing, the most common was 

1 bucket per flush, which means an average of 19.6 Lpcd for the households with flush toilets. 

However, one household did not have a flush toilet, and therefore the overall average of water 

usage for toilets was 17.7 Lpcd. This data fits well with the Design Manual, which for LIG-F 

estimates the total water consumption to 50-70 Lpcd (Ministry of Water and Irrigation, 2009).  

 

When asked, most people said that their water consumption was roughly the same the entire 

year. This was at least true if the water accessibility remained the same, which was true for 

some of the households. A few people also said that they take more showers when it is warm, 

which would mean higher water consumption during the hot and dry season.  
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Table 1. Water consumption in the different interviewed households as well as the average daily 

consumption in litres per capita per day (Lpcd). 

Household № Household size Water for showers (Lpcd) Water for toilets (Lpcd) 

1 5 30 20 

2 3 20 50 

3 5 45 30 

4 10 38 9 

5 13 30 7,5 

6 30 30 15 

7 15 37 15 

8 4 30 - 

9 6 38 15 

10 10 45 15 

Average 10.1 34.3 17.7 

 

4.3. Attitude towards proposed solutions 
All the interviewees in Kibondemaji said that they would be willing to reuse their greywater 

originating from showers. One person said that it was only acceptable if the greywater was 

treated first and another said that the water for toilet flushing needed to be somewhat clean. 

Two households were already reusing their greywater to a certain extent for toilet flushing, 

without any sort of treatment. One person said that it would not be possible to reuse the 

greywater as drinking water; however, the interviewee expressed a positive attitude towards 

reusing it for toilet flushing. Another interviewee pointed out that they only had one water tank 

at home and therefore could not reuse the greywater as it would have to be mixed with the tap 

water. The interviewee was however not opposed to the idea if the household had two tanks. 

When asked about their attitudes towards reuse of greywater for irrigation, the inhabitants 

showed a lack of understanding of the concept. According to Kazingoma (2019), the PDF 

previously had a plan for wastewater reuse for irrigation in the area, but they discarded the idea 

because of a lack of approval within the community.   
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5. Discussion: Finding the most appropriate solution 
This section contains a discussion about which solution would be the most appropriate for 

Kibondemaji. The discussion is based on the literature review as well as the findings from the 

interviews and will be presented in three different tables, one for each field of application for 

greywater reuse – tap water (Figure 3), irrigation (Figure 4) and toilet flushing (Figure 5) – to 

later be compared. 

5.1. Greywater reuse in Kibondemaji 

The interviews show that Kibondemaji suffers from a lack of continuous water supply. It is 

likely that water shortages in the supply system are a contributing factor in this regard, given 

that water access is lower during the dry period. At the same time, greywater is a source of 

water, although currently not considered a resource in Dar es Salaam. The greywater could 

potentially be reused for a number of different purposes. This would contribute to more efficient 

resource use, instead of just throwing the greywater on the ground, which is the most common 

end use in Kibondemaji today. 

 

Different uses of water require different water qualities, so the greywater requires different 

collection and treatment methods depending on the purposes of reuse. All reuse applications 

therefore come with their own strengths and weaknesses, as well as opportunities and threats, 

something which will be examined further in the following section. 

 

5.1.1. Tap water 
The biggest strength with greywater reuse as tap water is its versatile water-saving potential. 

Since tap water can be used for everything, there is theoretically no limit to how much greywater 

can be reused. The only obstacles to reusing all greywater as tap water are security quotas, the 

cost and public perception. 

 

If greywater is to be reused directly as tap water, high water quality is needed, which requires 

expensive and technically demanding treatment. These are two major obstacles for 

implementation in Kibondemaji. Since extensive treatment is needed, greywater reuse as tap 

water is not feasible on a decentralised scale. It could be implemented as a semicentral system, 

if the system still covers a fairly big area. The treatment plant in Windhoek covers 
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approximately 250,000 people, which means that the same system might not be suitable for 

Kibondemaji on its own, but the same size could be achieved if the adjacent wards also are 

covered. 

 

Today there are problems with maintaining the centralised system for water supply. As evidence 

of this, several households in Kibondemaji have been left without water for over a month, due 

to a broken pump in DAWASA’s system. It might therefore be unwise to build a new, expensive 

treatment plant for greywater reuse, as it might face the same maintenance problems. 

 

 
Figure 3. SWOT analysis for greywater reuse as tap water.  

 

If the greywater is reused indirectly, the water quality does not need to be as good, since the 

treated water would be diluted in the recipients and then undergo additional treatment before it 

is reused as tap water. In Kibondemaji, and Dar es Salaam in general, this would be the case if 

the greywater was released upstream from the treatment plants in Ruvu or Kizinga River. 

However, the Upper and Lower Ruvu treatment plants are located far from Dar es Salaam. 

Therefore, it might not be a feasible strategy to transport the semi-treated greywater there only 
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to treat it properly and transport it back again, as that could only be done at a high cost due to 

energy requirements and leakage. The treatment plant on Kizinga River is significantly closer 

to Kibondemaji, as it is located on the northern border of Mbagala. From a logistical 

perspective, it would therefore be a better recipient. The Kizinga River does not, however, have 

the same water volumes as the Ruvu River, which means that the wastewater would not be as 

diluted. This is a problem since it implies that the water would have to be cleaner before it 

reaches the recipient, thus requiring more extensive treatment. 

 

In order to achieve a higher level of dilution, an alternative could be artificial recharge, where 

the treated wastewater would mix with the groundwater. A problem then arises with the second 

advantage of indirect reusage, since the groundwater is used without treatment both in 

DAWASA’s system and private wells in Kibondemaji. This means that if artificial recharge 

would be used, the water should be treated to the same quality as if it were to be reused directly. 

The benefit with artificial recharge over direct reuse is that the infiltration required to achieve 

artificial infiltration works as an additional barrier. This could function as an additional 

treatment as well as serves as an opportunity to discover potential risks. 

 

5.1.2. Irrigation 
One of the principal advantages of reusing greywater for irrigation of food crops, except for the 

water-saving potential, is the increase in agricultural production capacity at all levels of 

centrality. Untreated greywater for irrigation has proven to increase the nutrient content in the 

plants as well as accelerating their growth, thus having the potential field of application as low-

grade fertiliser, reducing the amount of artificial fertilisers being used within agriculture. It 

could be implemented both in a decentralised setting, such as small-scale cultivation, as well as 

semicentralised and centralised settings, such as large-scale cultivation. 

 

There is a suitability of using greywater originating from showers, in particular, since it contains 

less harmful chemicals and surfactants as well as a more neutral pH level than, for instance, 

greywater originating from laundry activities. There is still a risk of microbial contaminants 

being spread via irrigation of food crops. These microbes can, if not contained, give rise to 

outbreaks of diseases, such as cholera, which was the case in Dar es Salaam and Kibondemaji 

in particular in the year 2015. The fact that a dual system for water supply is needed, one for 

tap water and one for the water that is to be used for irrigation, does also present a risk when it 
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comes to cross-contamination, that is, if not being sufficiently monitored in order to anticipate 

contamination. 

 

In addition to microbial contamination, there is a risk of a chemical imbalance and metal 

contamination if irrigation is employed intensely (or) for a long time. These metals and 

chemical substances can, when dispersed in the soils, be absorbed by the plant roots and 

accumulated in the crops. Synthetic chemicals and halogens can spread as well, causing 

increased salinity in the soil. Surfactants and lipids found in untreated greywater may also pose 

a risk, as they increase the hydrophobicity of the soil, that is, obstructing the plant roots to 

absorb water. Thus, regardless of the nutritive benefits of using untreated greywater for 

irrigation of food crops, there is a threat of having decreased food quality, as well as lower soil 

quality in the long-run. 

 

Figure 4. SWOT analysis for greywater reuse for irrigation.  

 

As for greywater reuse for irrigation in Kibondemaji, there is a problem with lack of 

understanding in the community in general. It is difficult for actors and investors to explain the 
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issue in order for the inhabitants to recognise the implications of such a field of application. 

Hence, greywater for irrigation is unlikely to be implemented in Kibondemaji as it is hard to 

gain support from the community. 

 

5.1.3. Toilet flushing 
Every flush of a toilet dissipates many litres of tap water, deteriorating into blackwater. Within 

this field, there is therefore a huge potential of saving water by reusing greywater from showers. 

The interviews in Kibondemaji show that the entire need for toilet flushing could be covered 

by the greywater originating from showers (Table 1).  

 

One of the advantages of using greywater for toilet flushing is that it does not need to undergo 

a thorough treatment process, which makes it a cheaper alternative than treating it to the quality 

of tap water. Nevertheless, some treatment is needed in order to minimise the risk of spreading 

disease as well as to satisfy aesthetic and odour-related prerequisites. This can be accomplished 

through filtration and disinfection, which will remove suspended particles and kill harmful 

microorganisms. If the standards are not upheld, there is a risk of sedimentation at the bottom 

of toilet cisterns, which is a hotbed for microbes that can infect humans who come in contact 

with them. The risk of infection is, however, lower than the one associated with that of tap 

water, since toilet water should not be in contact with any ailments. Nevertheless, this field of 

application for greywater reuse will require a dual system for water supply, which would keep 

the water for toilet flushing separated from tap water. With this type of system, there is always 

a risk of cross-contamination: toilet water could pollute tap water. There is therefore a need for 

continuous monitoring, so that any dysfunctions in the supply and treatment system can be 

addressed before the consequences become severe. 

 

Still, some inhabitants of Kibondemaji are already reusing their greywater for toilet flushing, 

without any treatment. This is done on a decentralised scale, within the household, which can 

pose a problem when it comes to the control of risks. Since toilets are considered less clean, the 

concept of using not completely clean water for flushing might not seem like a big step. This is 

advantageous for this study since it shows that there is an acceptance in the community towards 

the technique, as stated by all interviewees. At the same time, it is also evidence of a lack of 

knowledge, or care, for the potential health risks. If this attitude would prevail, it is more likely 

that the treatment and monitoring will be done with less care, thus increasing the risk of serious 
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problems to occur. This could be prevented by having a higher level of centrality of the system, 

that is, a centralised system where it is easier to monitor and adjust. However, this alternative 

may be more expensive since it requires a more sophisticated infrastructural network, 

something which might be problematic for an area like Kibondemaji. Furthermore, the system 

provided by DAWASA today is of a substandard nature and needs a lot of improvement in 

order to serve its purpose. In this regard, a more complicated system at the central level is 

unlikely to be installed. Therefore, a semicentral system for reuse of greywater for toilet 

flushing might be the most appropriate in Kibondemaji, as it incorporates both the need for 

monitoring and is isolated from, and thereby avoids, the malfunctioning DAWASA network. 

 

 
Figure 5. SWOT analysis for greywater reuse for toilet flushing.  

 

Another point to note about greywater reuse for toilet flushing is that it does not utilise the full 

potential of greywater, since some of it will not be reused. This is due to the fact that water 

consumption for showers, in Kibondemaji, is higher than that for toilet flushing, which will 

result in residual greywater from showers risking not being reused or contributing to an 
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increased water volume used for toilet flushing. This suggests that it may be wise to look at 

complementary fields of application for the residual greywater. 

 

Lastly, the current system of water-based toilets may not be the best for sewage in the future as 

it requires a lot of water, yet it is sought after by the local inhabitants of areas such as 

Kibondemaji. As a consequence, the expansion of this system is inevitable as the city population 

grows, something which will increase the consumption of water, as an increasing number of 

people will be equipped with flush toilets. The improvement and innovative potential of this 

necessary evil, such as reusing greywater for flushing, may nevertheless be a step along the way 

towards more sustainable water management. 

 

5.2. Comparing the solutions 
All greywater reuse schemes can be used to save water, via increased circularity in the water 

supply and treatment system. The amount of water that can be saved varies between the 

different techniques and the situation in which it is implemented. In Kibondemaji, the technique 

with the biggest water-saving potential is that for tap water, as it can utilise all generated 

greywater. 

 

One requirement for implementing any of the techniques for greywater reuse is a dual system 

for sewage, that is, a system which collects greywater which is separated from the sanitation 

system. In Kibondemaji, there is currently no system for dealing with greywater, so such a 

system needs to be constructed. This might be more feasible in Kibondemaji than in places 

where a central system for greywater already exists. Nevertheless, the installation of such a 

system will inevitably lead to an extra cost. 

 

This is an especially important factor to take into consideration for greywater reuse for irrigation 

and toilet flushing, as that also requires dual systems for water supply. That is the case since 

the greywater intended for irrigation and toilet flushing needs to be kept separate from the 

cleaner water which is used for other activities. With this division, there is always a risk of 

cross-contamination between the two systems and water qualities, something which might be a 

bigger threat in an unplanned area such as Kibondemaji, since the unstructured infrastructure 

makes it harder to keep track of the different water flows. 

 



30 
 

This leads to the last point which connects all the greywater reuse techniques, that is, the need 

for monitoring and control of risks. Since greywater can contain harmful bacteria and other 

substances which pose a risk in contact with humans and the environment, some sort of 

treatment will always be needed to guarantee the safety of the system. Greywater could, 

however, be reused untreated for irrigation, thus acting as low-level fertiliser, but there is still 

a risk of contamination, although the productive capacity of the food crops may increase as the 

plants receive a higher concentration of nutrients. If one opts for treatment of greywater before 

being reused, it is, however, not enough to simply install the necessary treatment steps. The 

process will also have to be continuously monitored in order to detect potential malfunctions 

before any such problems become unmanageable. The implementation of this surveillance 

system requires both time and resources. 

 

The level of risk, and also the level of treatment and monitoring needed, will however vary 

between the different techniques for greywater reuse. As tap water is the water quality involving 

the greatest contact with both humans and the environment, it is the technique which demands 

the most persistent monitoring. While greywater reuse for irrigation does not have the same 

level of direct human contact, it is still used on crops, which will later be consumed and 

therefore the risk associated with the technique will still be considerable. Greywater reuse for 

toilet flushing, on the other hand, has no link to aliments, thus posing a smaller threat. It does, 

however, not imply that no monitoring or safety precautions are necessary, only that they can 

have a smaller scope. 

 

These lower treatment and monitoring requirements associated with greywater reuse for toilet 

flushing and irrigation mean that these methods can be implemented without the extensive 

treatment needed for tap water. This will, of course, affect the price of implementation, making 

greywater reuse for toilet flushing and irrigation more feasible for Kibondemaji. Another aspect 

that will be affected by this is the level of centrality needed for implementation. 

  

Every centrality level comes with its own advantages and disadvantages. While a centralised 

system will be better equipped to handle internal problems and risks which can be monitored, 

a decentralised system might be more secure to outer disturbances, such as natural disasters, 

including floods and earthquakes. The cost is also relevant, since a centralised system is 

dependent on high initial investment, whereas a decentralised system can be built in smaller 

steps. A synthesis of the two options is a semicentral system, which can be big enough to 
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implement continuous monitoring and advanced treatment techniques, but at the same time 

small enough to be adapted to the local area and to be better equipped to handle outer 

disturbances. Semicentral solutions also have the advantage of being more modular: they could 

be connected to each other if a centralised system is desirable in the future. Especially in 

Kibondemaji, this might be an ideal centrality level, thus implying that greywater reuse for 

toilet flushing or irrigation would be the most appropriate. 

 

In terms of acceptance in the community, these two reuse activities are the most appropriate, 

since the interviewees in Kibondemaji showed some hesitation to the idea of drinking reused 

water. This was, however, not at all the case for water reuse for toilet flushing, which has 

already been implemented by some of the people in the area. Regarding reuse for irrigation, it 

was harder to establish the community perception, as the concept was harder to grasp for the 

interviewees. Therefore, greywater reuse for toilet flushing would be the most appropriate 

solution for Kibondemaji. 
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6. Conclusion 
This study shows that there is a great need to improve or find new sources of water supply in 

Kibondemaji. During interviews in the area, a majority of the inhabitants stated that they had 

problems with the water supply from the centralised DAWASA system, such as a lack of 

continuous water supply. These problems will likely be aggravated as the population of the city 

continues to grow, since that will require even more water resources and distribution systems. 

One way to tackle this issue is through urban water reuse, which will lead to more sustainable 

water management with more efficient usage of the existing water resources.  

 

There are several techniques to achieve urban water reuse, but the focus in this study has been 

on greywater reuse, either as tap water or for irrigation or toilet flushing. These methods have 

been implemented in several other places around the world, which means that there is an 

abundance of different treatment processes that could be used in order to obtain the water 

quality needed for the different activities. The different activities will, however, not require the 

same water quality: tap water needs to be of a higher standard than water used for irrigation, 

which in turn should be cleaner than the water used for toilet flushing. This will naturally result 

in different treatment processes for the different fields of application. 

 

The water qualities needed, and the risks associated with deviation from these, will make 

different levels of centrality more or less suitable. Greywater reuse as tap water is only feasible 

in a centralised system, as the treatment and monitoring required will be too demanding and 

costly on any smaller scale. When it comes to irrigation and toilet flushing, however, there is 

no need for such an extensive form of treatment, so the cost and complexity level required will 

be lower, making it more feasible in a decentralised or semicentralised setting. 

 

Every centrality level comes with its own advantages and disadvantages, but for Kibondemaji 

the best system might be semicentral in nature. A semicentral system is big enough to 

implement advanced treatment techniques and continuous monitoring, while at the same time 

being small enough to be adapted to the local area as well as posing a more manageable initial 

investment cost. Following that logic, greywater reuse for toilet flushing or irrigation would be 

a better fit for Kibondemaji than to reuse it as tap water.  
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The interviews also show that the inhabitants of Kibondemaji were more positive towards the 

idea of greywater reuse for toilet flushing than as tap water. No one had any objections to reuse 

for toilet flushing, whereas drinking the water which has previously been used for showers were 

harder to accept. The attitudes towards greywater for irrigation were harder to distinguish, as 

the concept was more difficult for the interviewees to grasp. 

 

Water consumption patterns in Kibondemaji were also favourable for greywater reuse for toilet 

flushing, as the water used for showers could cover the entire need of water for toilet flushing. 

A consequence of this, nevertheless, is that not all greywater could be utilised, which could be 

the case if it were reused as tap water. Still, greywater reuse for toilet flushing might be the 

most appropriate solution for Kibondemaji.  

 

6.1. Research limitations 
One challenge during the study was the gathering of data about Kibondemaji and the water 

system in Dar es Salaam. Since Dar es Salaam is a city with rapid population growth, the city 

is undergoing a lot of changes. This means that even though there have previously been several 

studies on the water situation in the city, it has been hard to establish which available 

information may be trusted. The main holder of data on the subject, DAWASA, has been 

reluctant to hand over any information, which resulted in a shift of focus towards other 

information sources, such as the interviews in Kibondemaji. 

 

While interviews are a good method to gather information about opinions in the community, it 

will always be associated with a certain risk of misrepresentation. That is both due to the fact 

that the interviewees are not necessarily representative of the population or are willing/able to 

answer all questions truthfully. This risk might have been greater in this study, since the 

interviewer was of another nationality and cultural background (European), which may 

influence the impression of the interviewees, as the people in Tanzania have a collective 

memory of colonial rule. Moreover, the interviews were conducted in Swahili, which is the 

most commonly spoken language in Tanzania. It is, however, not the mother tongue of the 

interviewer, presenting a potential risk of linguistic misunderstanding and misinterpretation.  

 

Ideally, the data gathered during the interviews would be used together with more objective 

facts about the water consumption and other information about the area. This was however not 
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possible since that data was inaccessible or out of date. In particular, data about Kibondemaji 

was hard to acquire, since it is a relatively new ward without any clear geographic demarcation.  

 

6.2. Outlook 
Given the literature gap on the current situation regarding water supply and sanitation coverage 

in Dar es Salaam, there is great potential for future research within the field of water 

management. Since the city is located in a climate with a distinct wet season and dry season, it 

is expected that the consumption pattern during the hot season would be characterised by more 

frequent showering sessions and irrigation, which would not be the case during the wet season 

when water is more abundant and the temperatures are less extreme. It would thus be interesting 

to employ a more continuous monitoring of the water consumption in order to establish if there 

is any seasonal variability. As mentioned earlier, this could be done by recurring interviews at 

different times of the year. 

 

Furthermore, there is an opportunity to look further into the treatment technique corresponding 

to each field of application for greywater reuse as this was outside the scope of this study. In 

order to complement the different criteria for the techniques to be implemented, it would be 

useful to analyse the economic aspects, that is, the costs of different treatment methods as well 

as the current financial situation among the inhabitants of the study area. In this regard, it would 

be useful to establish the interviewees’ willingness to pay, in order to estimate the value of the 

water supply service as well as obtaining a more nuanced picture. Moreover, it would be 

relevant to conduct interviews in different areas, both urban and peri-urban, within the city, in 

order to conduct a comparison between them and Kibondemaji. This would contribute to a more 

general picture of the situation regarding water management for sustainable living in East 

African cities. 
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Appendix A 
The questions were on the same topics, but not phrased exactly the same in each interview: 
 
How many people are living in your household? 

Nyumbani mwako mna watu wangapi? 
 
What and where is the source of your water? 

Unapata maji wapi? Chanzo cha maji kiko wapi? 
 
Is there always water? 

Kuna maji sikuzote? 
 
Do you use the same water for everything? 

Unatumia maji sawa kwa kila kitu? 
 
Do you do anything special with, for example, the drinking water? 

Unayachemsha au unafanya kitu kingine kabla ya kuyanywa? 
 
How much water do you use in a day? 

Kila siku mnatumia lita/ndoo ngapi za maji nyumbani? 
 
What type of toilet solution do you have? 

Mna choo gani? 
 
How much water is used for that? 

Kila mara unapoflashi, unatumia lita/ndoo ngapi? 
 
How much water do you use every time you take a shower? 

Unatumia lita/ndoo ngapi unapooga? 
 
How many times do you shower a day? 

Huoga mara ngapi kila siku? 
 
What happens with the water afterwards? 

Unafanya nini kwa maji baada ya kuyatumia? 
 
Do you think you could reuse it for something else? 

Ungeweza kuyatumia tena? 
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