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Summary in Swedish 
Det här projektet undersöker hur en snabb urbanisering och Tanzanias vision att gå från låg- till 

mellaninkomstland kan komma att påverka efterfrågan på färskvattnet i Dar es Salaam fram till 2030. Från 

historisk flödesdata från stadens största vattengivare, Ruvu floden undersöks om det går att utläsa några 

ändringar i flödena sedan 1980 fram till 2010. Fortsättningsvis diskuteras även hur ett hållbart nyttjande går att 

åstadkomma. Information och historisk data samlades från litteratursök, intervjuer och med samarbete med 

studenter och vatten- och sanitetsföretaget i staden. För att undersöka framtiden för stadens vattentillgång och 

efterfråga användes simulationsprogrammet Water And Evaluation Planning (WEAP) som genom att processerna 

historisk data, kan simulera liknande variationer i framtiden. Programmet gör det också möjligt för användaren 

att undersöka parallella scenarios med ändrade flöden och efterfråga. Studien visar att efterfrågan på vatten 

kommer att öka i alla scenarios och omött efterfrågan i alla scenarios. Studien finner att för hållbart nyttjande av 

denna resurs kräves mer undersökningar eller alternativ för att säkra tillgången på färskvattnet. De historiska 

data samlade från floden visar en liten nedåtgående trend i flödesmängd och en uppåtgående trend på mängd 

vatten som kommer under årets största regnperiod. 

 

 

 

 

Abstract 
The water and sewage company in Dar es Salaam, Tanzania has expressed a lack of integrated development plan 

for their service area. The current planning does not combine the social, economic and environmental 

stakeholders. This project investigated how rapid urbanisation and Tanzania’s vision of going from a low to 

middle-income country before 2025 will affect the water demand together with an investigation of the 

sustainability of the water supply in the city, Dar es Salaam. Furthermore, the study also investigated the 

collected historical data from the city’s biggest water supplier, Ruvu river, to examine if there are any changes in 

waterflow. The study used previous research, collaboration with students and interviews with the stakeholder 

and experts to collect information and estimate historical patterns. With the software, Water And Evaluation 

Planning (WEAP), the study processed the historical data to simulate future scenarios with aim on sustainability 

and development mentioned above. The study shows an increased demand in the future as a result of both 

urbanisation and economic growth and unmet demand in all scenarios. From the historical data the study shows 

a small decrease in total quantity and an upgoing trend of the peaks that occur during the biggest annual rainy 

season. Lastly, the study finds a need of looking at the current sources of supply to achieve sustainable utilization 

of the resource.  
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Foreword 
This project was part of a collaboration between Royal Institute of Technology (KTH), Global 

Development Hub (GDH) and University of Dar es Salaam (UDSM). GDH is an institution at KTH 

with objectives to stimulate innovation, global development and collaboration. The work approach in 

this project has been through Challenge Driven Education (CDE) with Dar Es Salaams Water and 

Sewerage Authority (DAWASA) as stakeholder. The students from UDSM has together with DAWASA 

formed 4 main challenges 1) Lack of Infrastructure and Asset Management System 2) Inefficient 

costumer care, billing and revenue collection 3) Low sanitation and coverage 4) Access to good quality 

water in unplanned areas. After forming the challenges, the students continue to search for solutions 

in the smaller sub-challenge groups that later got integrated with students from KTH. This project 

focus on challenge number 4 with sub-challenge “4.3 Unplanned residence”.  
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1. Introduction 
Water is a finite and invaluable resource, fundamental for human existence and well-being and can only 

be sustainable if being well managed. Looking at earth from space, one might assume that the availability 

of water is inexhaustible due to the coverage of roughly 2/3 of the planet’s crust. However, most of the 

water is salty and the remaining freshwater is captured in glaciers or soils. Leaving only a fraction to 

easily be accessed and used for human purposes (World Bank Group, n.d.). This fraction is distributed 

unevenly around the globe and even though the planetary boundary “fresh water use” is viewed as “safe” 

globally, at a local or regional level, where the available freshwater can be both scarce and highly 

polluted, this qualification is no longer valid (Steffen et al., 2015). 

During the last 50 years, the world’s population has doubled, while the water use has increased 

fourfold (Scheele and Malz, 2007). The increased demand has led to a global water crisis, with the low- 

to middle-income countries being most affected (UN, 2003). The United Nations Sustainable 

Development Goal 6 (SDG6) tries to target this human right to “Ensure access to water and sanitation 

for all” by 2030 (Fund, 2019). In Dar es salaam, 2017, residents living in an area with access to the 

municipal fresh water supply was 85% and the proportion of residents connected to the sewage system 

was 10% (EWURA, 2018). 

The biggest reason for increased demand and allocation of  freshwater is population growth followed 

by the increased demand of food as a consequence of economic growth and an increased livelihood 

(Scheele and Malz, 2007). For the first time in history, more than half of the world’s population lives in 

metropolitan areas (Razvadauskas, 2018) and this trend is projected to continue, particularly in low- 

and middle-income areas, such as Dar es Salaam. A city that is expected to become one of the ten new 

megacities, meaning with a population over 10 million inhabitants, before the end of 2030 (UN, 2019). 

In 1999, a national vision for Tanzania was established, with aim to transfer the country to a middle-

income country before the end of 2025 (Planning Commission, 1999). This vision was recognized 

achievable by the government 2010 but with some adjustments to assess the implementation. The 

vision also acknowledges the importance of the infrastructure development (Ministry of Finance And 

Planning, 2010). Dar es Salaam is expected to have the largest percentage growth in GDP along with 

Chennai of the megacity newcomers (Wood, 2018) but even though the economy in the city is growing, 

it is not keeping up with the pace of urbanisation (Rasmussen, 2012). One of the identified challenges 

in many low- and middle income countries is the lack of efficient development policies (UN, 2014) 

along with inadequate management of water recourses (Scheele and Malz, 2007).  

Dar es Salaam Water and Sewerage Authority (DAWASA), is the asset owner responsible for the water 

supply and services in Dar es Salaam, parts of Kibaha and Bagamoyo. The company has expressed a 

lack of  both an integrated development plan for their service area as well as an actual estimated 

demand due to uneven and haphazardly development (DAWASA, 2019). To explore the full range of 

management options, the traditional supply-oriented simulation models and strategies are not always 

suitable. Strategies that integrate economic, environmental and social sectors is required to cope with 

these complex water management issues. 

1.1 Objectives 

The purpose of this report was to investigate if the water supply will cover the demand in DAWASAs 

working area; Dar es Salaam, parts of Kibaha and Bagamoyo between 2019-2030. The focus was on 

the estimated urbanisation, sustainability and the how the aim of becoming a middle-income country, 

by 2025 will increase the demand. The study also investigated if there was any changes in the historical 

waterflows in the Ruvu river, which stands for over 90% of the water supply coming from DAWASAs 

network (DAWASA, 2019). Questions that was investigated in this report were as followed:   

• Does the waterflows in Ruvu River show any trend of change from the historical flow data?  

• Is the future investments and reduced losses enough to cover the increased demand with the 

vision of getting 100% coverage and becoming a middle-income country? 
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• Can sustainable water use be accomplished? 

The future scenarios in this report was in the span 2017-2030 and with help from the software Water 

and Evaluation and Planning (WEAP), four scenarios was simulated and analysed. The simulations 

start from 2017 due to the sufficient access of data for that year. The simulation software is used in a 

dozen of countries over the world and used as a multi-targeted, long term water resource management 

tool (WEAP21, 2019). For this study, WEAP was used for the catchment of interest and modelled to 

estimate future variation in water availability and demand. 

2. Background 
Dar es Salaam lies on the east coast of Tanzania which is part of the sub-Saharan Africa. Since Sultan 

Majid from Zanzibar, spotted the massive harbour site in 1862, Dar es Salaam has been a hotspot for 

business and trade.  The colonial time has made its marks on the city, and the allocation of residential 

space is very clear (Brennan et al., 2007). The mainland of Tanzania, or Tanganyika as it was called 

then, became independent year 1961 after a long history of colonisation and slavery. Year 1964, when 

Tanganyika and Zanzibar merged, the country Tanzania was found (Ministry of Information, 2015). 

After independence, Tanzania was ruled by a socialist government with Julius Nyerere as the first 

president. With most industries and banks nationalised, the access to healthcare and water supply was 

considered enhanced. The agriculture, however, faced enormous obstacles, production plunged 

leading to a heavy imports of food supplies. The economic crisis of the late 1970s, along with the war 

against Uganda and Idi Amins regime led to a strained economy (Pigeon, n.d.). When president 

Nyerere resigned 1985, Tanzania was one of the poorest countries in Africa, leaving little or no space 

for proper planning of maintenance or development of infrastructure.  

Dar es salaam was the capital until 1974, before Dodoma took over but are still called to be the 

“economical capital” of the country. The fast urbanisation took off shortly after independence and by 

the end of the 20th century, Dar es salaam had grown to become the largest city in sub-Saharan Africa 

(UN-Habitat, 2001). Today, one of every ten Tanzanian live in the city and with a population over 6 

million people for the year 2019 it makes it the third biggest in Africa (United Nation Department of 

Economic and Social Affairs, 2019).  

The city has a tropical climate with seasonal rainfalls between March-May and to a smaller extent 

between October-December. The mean temperature is 25.9° Celsius and total annual precipitation 

mean is 1148 mm (ClimaTemps, 2017). The seasonal rainfall often leads to floods and extreme river 

discharge variation.  

The extractions from surface water in Dar es Salaam comes from Upper and Lower Ruvu treatment 

plants, coming from Ruvu river north of the region and Mtoni treatment plant located within the 

service area from Kizinga river. As a supplement, the city is also supported by boreholes but to a lesser 

extent. The piped water system started to develop in the 1920s and important addition were made in 

the 1950s (Pigeon, n.d.) but due to a strained economy and rapid population growth the access to 

piped water decreased from 93 percent in 1993 to 58 percent in 2007 (Stacey, n.d.). 

2.2 Management of freshwater in Dar es Salaam 

The asset owner and company responsible for the water supply and sewage in Dar es Salaam, parts of 

Kibaha and Bagamoyo is DAWASA. Therefore, they are also the executers on helping the city to 

accomplish Sustainable Development Goal 6 (SDG6) by 2030, demanding access to safe, affordable 

water for all (Skinner and Walnycki, 2016). Historically, DAWASA has been the asset owner, in charge 

of the financing of both the water supply and treatment of sewage while Dar Es Salaams Water and 

Sanitation Corporation (DAWASCO) has been the operator, responsible for the overall operational 

services and management of water supply and sewage. The main challenges for the company has been 

to increase the systems reliability, coverage and revenue and decrease the leakages of the system that 

were as high as 76% at the time when DAWASCO started 2005. (Pigeon, n.d.). Recently, in December 

2018, DAWASA and DAWASCO merged into one, with the common name: DAWASA. With aim on 

improving the efficiency and reduce operational costs (Rweyemamu, 2018).  

Approximately 75% of the residents have access to the piped water systems but the goal is to increase 

that number to 95% by 2020 (Kazoka, 2017) and get full access by 2022 (Skinner and Walnycki, 2016). 
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Energy and Water Utilities Regulatory Authority (EWURA) is the regulator of DAWASA and has been 

giving recommendations of that extension of water- and sewage coverage should be given highest 

priority followed by reduction of Non-Revenue Water (NRW) (EWURA, 2018).  

2.3 Challenges today   

Most of the infrastructure within the water sector are old. The three reservoirs Upper Ruvu, Lower 

Ruvu and Mtoni are built 1959, 1975 and 1949 (Ngana et al., 2010). The history of water supply 

services in the city has been uncertain, with unsuccessful attempts of privatising, reorganizations and 

difficulties to find funds, the maintenance has not been given highest priority. The NRW losses were 

46,7% by the year 2017 (EWURA, 2018). However, EWURA notes that these numbers are not reliable, 

as the company has not achieved universal metering. The NRW does not only include physical losses, 

theft and metering inaccuracies are also two main sources to this high percentage. Along this, it is also 

difficult to locate the losses, there are little documentation of the existing pipes and infrastructure 

(DAWASA, 2019). Even though the company has achieved progress in the average hours of service and 

proportion of connections with full coverage (EWURA, 2018), for most of the residents, the flows are 

still unreliable. The citizens who can afford it, therefore rely on other alternatives and have established 

different strategies to overcome these problems. This is often done by having back-up tanks on the roof 

or close to the house when water supply is scarce. For the poorer, this unreliable water supply is even 

more strenuous.  

High population growth and the haphazardly development of the city has made the scarce available 

data invalid, which has made managing and planning even more challenging. The increased 

groundwater use in the Pleistocene aquifer are causing saline intrusion, lowering water levels and 

contamination. Water related diseases is also a problem, this intensifies during rain periods when pit 

latrines and septic tanks overflow. The private shallow wells are the most affected. (Van Camp et al., 

2012). 

3. Methodology 
The work approach in this study was divided into three parts (Figure 1).  A first step was to collect data 
needed which was dominated by personal communication and literature review with aim on previous 
research papers within the Wami/Ruvu basin. The different demands were estimated from previous 
research and calculated together with the design manual given by the Ministry of Water. Historical 
data was collected along with the prospects on both demand and supply. Shapefiles was imported from 
ArcGIS, Google Earth and National Bureau of Statistics (NBS) to get a better overview of the schematic 
view and to locate the different attributes. Shapefiles was used to describe different geographic data in 
vector form and was applied in this model to locate elevation, rivers, waterbodies, reservoirs, etc. 

Figure 1: Flowchart of the work approach 

Following the collection of data was the processing of data which was done through the software 

WEAP. The demand was set to different priorities from 1-3, with 1 as the highest priority. The Ministry 

of Water has given the domestic demand first priority and the environmental flow as the second 

(Water, 2006). The non-domestic demand was therefore set as priority three. 

1) Domestic 

2) Environmental flow  

3) Non-domestic 
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Supply
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Data 
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Economic 
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Data 
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Simulations were done from 2017-2030 with a growing trend of population and economic growth 

alongside with DAWASAs future investments. To model this, some assumptions has been done which 

are explained further down in this report. 

Third and lastly, the results from WEAP are being evaluated and discussed with aim to evaluate if it 

sustainable and how the demand and supply it will be affected by urbanisation and economic 

development.  

3.1 Personal Communication 

The first introduction to the company was done during a field trip, together with supervisors from both 

Royal Instiute of Technology (KTH) and University of Dar es Salaam (UDSM) held by Eng. Tyson 

Mikindi from DAWASA. The day included a PowerPoint presentation from the company, a visit to 

Mtoni treatment plant followed by a visit to the reservoir at the university area. Continuous contact 

with Eng. Mkindi has been maintained by personal meetings, telecommunication and contact in text 

using WhatsApp. Additionally, two meetings with Eng. Christian C Gava and Eng. Gonsalves 

Rwegasira Rutakyamirwa has been fulfilled, discussing challenges and ways forward. The contact with 

both has been maintained through email, phone calls and text. Previous interviews and documents 

conducted by colleagues from Collage of Information and Communication Technology (CoICT) and 

Collage of Engineering Technology (CoET) has been handed. Contact has also been detained with Dr. 

Joel Nobert. Dr. Nobert has handed data from his previous research with Jamie Skinner on the chosen 

gauge station on the Ruvu river from year 1980-2010. 

3.2 WEAP 

To model the demand and supply for the chosen area, the software WEAP was used. The software was 

developed by the U.S Center of the Stockholm Environmental Institute (SEI) and has its foundation in 

a mass-balance equation (WEAP21, 2019). Unlike the traditional pure hydrological models, WEAP 

uses an integrated planning technique for allocation of limited water resources for a more efficient and 

sustainable use. Because of its flexible attributes which encourage ways of linking it with the 

traditional models, the software is often used alongside them, not as a substitute (WEAP, 2007). Apart 

from the water-balance equations, which is used for the whole system as well as for every node, WEAP 

is also capable of using cost-benefit analysis, policy analysis, evaluate change in climate and is 

furthermore capable of running simulations for different possible future outcomes. Another attribute 

that differs WEAP from other models is the user-friendly schematic view and the ability to prioritise 

the distribution of the limited water resources between different actors (WEAP21, 2019). Historical 

data on flows can be input as monthly, daily or even hourly, showing patterns in the water flows, which 

then can be used to create associated fluctuations in the future.  

4. Forming the model 
As a first step when forming the WEAP-model, the sub-catchment Wami/Ruvu was chosen, shapefiles 

on rivers, elevation, coordinates for the different infrastructure and water bodies was put in the model, 

together with the demarcation of the 5 districts for the supply. With this information, lines were drawn 

for the Ruvu river, Kizinga river and the drainage rivers (blue lines), nodes were added for the 

reservoirs (green triangles), demand sites (red dots), groundwater discharge (green square) and the 

gauge station (blue dot). The transmission links (green line) and the return flows (red lines) linkes the 

nodes to the rivers to create a valid mass-balance equation. Every district has one node for domestic 

demand and another node for non-domestic demand apart from Bagamoyo, which only has domestic 

demand. This was done because the industrial demand was estimated to be insignificant for that 

district, why it was assumed to be included in the total demand of industries (Figure 2). 
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Figure 2: Schematic view of distribution area over Dar es Salaam, Bagamoyo and Kibaha in WEAP 

The second step was to give the schematic view input data. A current accounts year was chosen to 

2017. This is the year where all data is the same, before simulations, which was done until year 2030.  

After the current account year, four different scenarios were formed between 2017-2030. The first one, 

called the reference scenario, the reservoirs, maximum outflow and storage capacity was put in and 

changed in line with DAWASAs future development plans, as well as the company’s estimated 

demand. The second one, followed the same inflow as the reference scenario with the difference of an 

increased demand. The last two estimates how a sustainable extraction will affect the two scenarios 

mentioned before, meaning following the same demand as those but with changed supply. Physical 

losses were estimated to be the same in all scenarios and estimated decrease to 30% by 2020. These 

losses were simulated to be lost in the transmission links between supply and demand.  

For the future supply, historical daily data was collected on the Ruvu River, from this, future flows 

were projected to follow the same historical patterns in all simulations. Environmental flow was put in 

the model following recommendations on priority two (Ministry of Water, 2002) and classification on 

the importance of flow rates as category C which means moderate importance (GLOWS – FIU, 2014). 

Additional to this river, water is also extracted from the Kizinga river into the Mtoni Plant, which was 

assumed to have same flow for all simulations and years, as well as groundwater. For the groundwater 

extractions, the amount extracted for the sustainable option were decreased. On the demand side, 

domestic and non-domestic was used as input. 

4.1 Assumptions and limitations 

This study did not considered groundwater flows or recharge, therefore, the groundwater flows was 

estimated to preform to its maximum capacity and no change in flow was done. The Ruvu river was 

estimated to have the same characteristics of flow patterns as the collected historical data in the future. 

No consideration was done to the runoff, terrain nor elevation, even though some of this information 

was put in the model. No adequate data was found on the Kizinga river, which only stands for a small 

part of the supply. An assumption of 100% efficiency for the Mtoni Plant was therefore made, now and 

in the future. No consideration was done for either the monthly changes in the river nor the 

environmental flow recommendations. The losses within the system was an overall percentage loss 

from supply to demand sites even though these rates might vary greatly within the system. The 

percentage of losses was given as NRW which also includes losses that is not supposed to be put in the 

model. The study estimated the total demand for the residents within the chosen area, even though 

many are those who collect water from private wells outside DAWASA systems, a study shows that this 

can be as high as 25% (Skinner and Walnycki, 2016). The domestic demand was an average demand, 

even though this varies a lot in between households which is dependent on many parameters (Shabbir 
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et al., 2016). The non-domestic demand includes all the other stakeholders in the area apart from 

domestic, this includes institutions, livestock, commercial, agriculture etc. In this study, only a 

percentage of the industrial demand was considered. This was done because that is considered to be 

the most dominant and biggest consumer of freshwater in the city. The upstream extractions was not 

taken into consideration when forming the model, even though they might also change in the future. 

All DAWASAs infrastructure are estimated to be 100% effective and able to work at their full capacity. 

4.2 Study area, Wami/Ruvu catchment 

The Wami/Ruvu Basin is one of nine basins in Tanzania (Figure 3). The basin is located on mostly low 

altitudes with exception of the Uluguru Mountains in the west. The basin starts in Morongoro, 

following the slopes of Uluguru mountains all the way to the east coast, covering an area of about 

18 000 km2 (Ngana et al., 2010). The sub-basin has an important role for the water supply in the area. 

It consists of mostly tropical montane and upper montane forest, forming a unique ecosystem. The 

forest has its highest point at 2 630 m and plays an important role for the water flows in the Ruvu 

River by its ability to collect mist and fog from the clouds coming from the Indian Ocean, that gets 

transported to the ground and then infiltrates and percolate or flows to the streams. (Ngana et al., 

2010) 

 

Figure 3: Tanzania nine basins (left) Wami/ruvu basin (right) modified in ArcGIS 

The study area for the demand was Dar es Salaam containing of the three districts, Ilala, Temeke and 

Kinondoni plus parts of Bagamoyo and Kibaha just north of the city. The districts are in the lowest 

parts of the catchment and are therefor highly affected by the upstream activities. Both the 

abstractions from the water permits, estimated to 12,9 m3/s (Nobert and Skinner, 2016), but also from 

the pollution coming from industries, domestic sewage and fishing using pesticides. Another water 

demanding activity which is widely spread within the Ruvu sub-basin, though difficult to quantify, is 

the pastoralism. There are four major rivers that drains the city out in the Indian Ocean, Msimbazi, 

Mzinga and Kizinga that flows throughout the year and Mpiji, which is seasonal. (Ngana et al., 2010) 

4.3 Environmental flow 

The Ruvu Environmental Flow Assessment (EFA) aim is to sustain the wellbeing of ecosystems and 

secure both quantity and quality of Ruvu river (GLOWS – FIU, 2014). EFA recognizes the importance 

of the river’s natural fluctuation, why the environment flow is given second priority when planning for 

water allocations in the country (Ministry of Water, 2002). EFA was conducted 2012-2014 and has 

developed recommendations for five different locations within the basin. Ruvu river at Kongo was 

selected with a recommendation of class C on the river. The C classification stands for “moderate 

importance”. The EFA points outs the biggest threat to remaining this flow being upstream 

abstractions as well as the influence of the building of the Kidunda Dam (GLOWS – FIU, 2014).  

Dar es Salaam 
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4.4 Supply 

Apart from the two main extractions from Ruvu river, Upper- and Lower Ruvu treatment plants, 

surface water also comes from the Kizinga river, into the Mtoni Plant. Both rivers fluctuate seasonally, 

with patterns closely followed by the rainfall characteristics with peaks in November and April-May. 

The remaining 1.8% of the supply comes from boreholes (DAWASA, 2019). 

For daily discharge data of the Ruvu river, gauge station 1H8 was selected. This gauge station 
measures daily flowrates, located just before the Upper Ruvu intake and is the most downstream gauge 
station for the basin. The data was provided by Dr. Joel Nobert, head of Department of Water 
Resources Engineering at UDSM and obtained from his previous research on the Ruvu River together 
with Jamie Skinner (Nobert and Skinner, 2016). Due to inadequate measured flow rates at the station, 
a simulation was done by them to fill the gaps of the available data of the days between 1980-2010. 
These flowrates were used as input in this model. 

For the reference year 2017, the maximum outflows from the treatment plants, Lower Ruvu, Upper 

Ruvu and Mtoni was 3.125 m3/s, 2.269 m3/s and 0.104 m3/s respectively. The groundwater flows were 

not simulated, instead, an estimation of a daily discharge was done from historical data and set to 

0.313 m3/s. This summons to a maximum available supply of 5.811 m3/s or 502 000 m3/day. The total 

storage capacity within the system for this year was 130 000 m3 (Table 1).  

DAWASA plans to extend and increase the capacity of their domain, this is seen as the “standard” 

simulation of the supply for the years 2018-2030 (Table 1). The aim is to increase the water production 

from 5.811 m3/s to 11.297 m3/s until 2032, this is done mainly from drilling new deep boreholes, 

contributing to a total of 4.757 m3/s, but also to extend the capacity of the Lower Ruvu treatment plant 

to 4.167 m3/s comparing with todays 3.125 m3/s. Also, the Kidunda Dam will be installed, upstream 

from Upper Ruvu intake and will have a storage capacity of 1 M m3 (Table 1). 

4.4.1 Sustainable supply 

Sustainable development is “development that meets the needs of the present without compromising 

the ability of future generation to meet their own needs” (World Commission on and Development, 

1987). 

Due to a combination of catchment deforestation, climate variability and increased upstream 

abstraction, the base flow of the Ruvu river has decreased (Tuinhof et al., 2011). A hydrological model 

from 2016 showed that during dry years, water supply and environmental flows will not fully be 

secured in the river (Nobert and Skinner, 2016). Furthermore, the Wami Ruvu Basin Water Board 

(WRBWB) continues to authorise permits upstream even though the river already fail meeting the 

minimum flows required during dry years (Skinner and Walnycki, 2016). A possible substitute to 

surface water is groundwater. As a nation, Tanzania is only using 3% of their total groundwater 

recourses, meaning there exists large opportunities to expand the groundwater use further (Tuinhof et 

al., 2011).  

Information on groundwater are rarely digitized nor easily accessible in Tanzania, which is given on 

request from the basin water offices. The knowledge of the importance of protecting groundwater 

resources and recharge areas is not widely spread (Tuinhof et al., 2011). Furthermore, because of no 

continuous monitoring programs, there is even less reliable information on the critical aquifer 

characteristics. To understand these characteristics, heavy input data is demanded to form a 

dependable model (Tuinhof et al., 2011). 

In Dar es Salaam, the shallow coastal aquifer that DAWASA partly extracts water from are sensitive to 

climate change and suffer from seawater intrusion. The combination of rapid population growth and 

weakening of surface water supply has led to excessive groundwater pumping in the aquifer. After 1997 

when major boreholes got drilled in the aquifer, chloride concentration has been detected. This has 

resulted in several abandoned boreholes (Van Camp et al., 2014). The available data on fluctuation and 

discharge on this aquifer is scarce and not all boreholes have been authorised by the WRBWB but 

approximately 190 000 m3/day or 20-25% of the total water supply is extracted from this aquifer. 

According to one study, the long-term sustainable yield for this aquifer is 80 000 m3/day (Skinner and 

Walnycki, 2016). The recently found Kimbiji aquifer however, a deeper aquifer located south of the city 

has been prognosed as a good substitute for water supply. A study from 2007  showed a sustainable 

extraction to be 1 km3/year (Ruden, 2007), comparing to DAWASAs wish to extract 0.15 km3/year 
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(DAWASA, 2019) this showed a good safety margin and a possible sustainable substitute for the 

surface water and little risk of over abstraction or depletion. Contractively, more recent studies have 

shown that this margin of safe yield has had a downward trend, recommending a sustainable 

abstraction of 0.05-0.06 km3/year (Skinner and Walnycki, 2016). In the sustainable option of water 

supply in this study, the water extracted from the groundwater is decreased to the recommendations 

given above which adds up to 2.662 m3/s (Table 1). 

 2017 2018-2030   

   Standard Sustainable 

Lower Ruvu [m3/s] 3.125 4.167 4.167 

Upper Ruvu [m3/s] 2.269 - - 

Mtoni Plant [m3/s] 0.104 - - 

Boreholes [m3/s] 0.313 4.757 2.662 

Total [m3/s] 5.811 11.297 9.202 

Storage [m3] 130000 1130000 113000 
Table 1: Flowrates and storage capacity for the reference year and the two different future simulations  

4.5 Demand 

The minimum need of water for human survival is approximately 5 l/cap/day (Scheele and Malz, 

2007). However, this is only for survival under a short period of time, for long-term good quality of 

life, the demand increase. The water needed for a long-term wellbeing, including washing of clothes, 

sanitation and personal washing varies but is estimated to be somewhere between 40-80 l/cap/day 

(WHO, 2011). 

The demand in this study was divided between domestic and non-domestic. The domestic demand 

includes all the water needed within the households which mainly includes the water needed for 

cleaning and washing, personal hygiene and toilet flushing (Scheele and Malz, 2007). The non-

domestic includes the rest of the demand in the city which in Dar es Salaam, is dominated by 

industrial demand but also consists of commercial and institutional demand.  

The total demand for the reference year was 199 Mm3 and looking at the revenue collection of 

freshwater for that year, the different parts was 70% domestic and 30% non-domestic (EWURA, 

2018). In this study for the reference year, the same division was estimated to be between domestic 

and non-domestic demand (Table 2). 

Reference 2017 

Domestic [Mm3] 139 

Non-Domestic [Mm3] 60 

Total [Mm3] 199 
Table 2: Demand of freshwater for the reference year  

The water demand was calculated by DAWASA for the year 2012 for the districts Kinondoni, Ilala, 

Temeke, parts of Kibaha and Bagamoyo to 173 609 m3/day, 121 518 m3/day, 119 036 m3/day, 6 001 

m3/day, 13 392 m3/day and a total population of 5 875 880. This gives an average total demand of 93 

l/cap/day which DAWASA is expecting will decrease to just above 90 l/cap/day for the year 2032 

(Figure 4). The calculated demand from DAWASA was based on population from 2012 from National 

Bureau of Statistics (NBS) report from 2013 then projected with help from Maji Manual given by the 

Ministry of Water (Gava, 2019). 
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Figure 4:  Water demand per capita projected by DAWASA (DAWASA, 2019) 

With this assumption of decreased water demand and following the same percent distribution as the 

reference year, the domestic demand decreases from 65.1 l/cap/day for the year 2018 to 63 l/cap/day 

2030 and the non-domestic demand, if calculated per capita, goes from 27.9 l/cap/day to 27 l/cap/day 

in the same year span. These numbers are called to be the “standard” values (Table 2). 

Standard 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 

Domestic 145 150 158 166 174 183 191 199 209 219 228 238 248 

Non-Domestic 63 67 70 73 76 80 83 86 90 93 96 99 103 

Total 208 217 228 239 251 262 274 285 299 312 325 338 350 
Table 3: Estimated demand of freshwater (DAWASA, 2019) modified 

4.5.1 Economic growth changing demand 

The industrial demand of water is expected to rise, especially in developing countries (UN, 2003) 

however, the water demand for industries is strongly correlated to what type of productions the 

company has and to what extent, therefore is it difficult to estimate a reliable and average estimation. 

Trends show however, that when an economy is growing, so does the percentage of total demand to 

industries (Figure 5). According to FAO, 80% of the industries are in Dar es Salaam, this corresponds 

to 54 758 m3/day for the year 2002 and a total demand of 400 000 m3/day for the year 2010 (FAO, 

2016). 

  

Figure 5: Competing water uses for different income of countries. Industrial use increases with country income (UN, 

2003) 

Meanwhile the population has been increasing rapidly in Dar es Salaam, the yearly economic growth 

has been steady on 6.3% in Tanzania (Mohammed, 2015). This economic growth rate is expected to 

continue (World Bank Group, 2015). Moreover, between 2007 and 2012, the poverty decreased by 70% 

in Dar es Salaam which experienced the largest drop in the country (United Nations Development 

Programme, 2015). The Maji Manual states that the water requirements for domestic use in urban 

areas varies between 25-250 l/cap/day, where the 25 l/cap/day is needed for the low income 
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households in squatter areas using public taps or kiosk and the 250 l/cap/day get consumed by the 

high-income households with sewer or septic tank. For the middle income households with sewer or 

septic tank, the demand is estimated to 130l/cap/day (Ministry of Water and Irrigation, 2009).  

Approximately 75% of the residents in the city lives in informal settlements (Rasmussen, 2012) and  

about 50% of them are living in extreme poverty, meaning living with less than 1$/day (Thomas et al., 

2013). The water supply services in these areas are characterized by poor coverage. Many people 

extract water from shallow wells, some not safe for human consumption but because the residents 

cannot afford the sufficient water from water vendors, they still use it and as a result, water related 

diseases are occurring (Theodory and Malipula, 2012). Others rely on alternative sources like 

collecting rainwater.  

Even though there has been a lot of research on the water demand in developing economies globally, 

limited literature on water consumption and changes of demand is found for the low- to middle-

income countries, especially for the informal settlements water demand (Shabbir et al., 2016). 

DAWASA has the highest price in water, comparing to the rest of the country (EWURA, 2018). 

However, a study from Faisalabad, Pakistan shows that this has little effect on the water consumption 

when the income is rising parallelly. Moreover, the study also shows that the household income is 

correlated to the willingness to pay for water, however, this strongly varies between different 

socioeconomic groups. Furthermore, there is many other variables to consider to make a reliable 

assumption of the actual demand. (Shabbir et al., 2016).  

To simulate how the economic growth may change the demand, a linear increase of domestic demand 

is done until 2025, when it reaches 75 l/cap/day. Even though the Maji Manual states that the 

consumption for a middle-income household is 130 l/cap/day the average water demand in this study 

was estimated to 75 l/cap/day. This was done mainly because of the low water demand that exists 

today but also because of the informal settlements that are living in extreme poverty and most likely 

use less water now and in the future. The non-domestic demand was also linearly increased and going 

from 30% of the demand for year 2017 to 50% by the year 2030 (Table 4).  

Economic 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 

Domestic 148 157 168 181 194 207 220 234 247 259 271 283 295 

Non-Domestic 78 96 114 132 151 169 187 205 223 241 259 277 295 

Total 226 253 283 313 344 376 407 439 470 500 530 560 591 
Table 4: Estimated demand of freshwater when considering economic growth 

4.6 Future scenarios 

Future scenarios were simulated 2017-2030, the flow rates in the Ruvu river and the population 

growth was the same for all scenarios. The water flows coming from the surface water was preferred 

before extracting water from the groundwater. This was done by giving the transmission links from 

this source priority one and groundwater flows priority two. So the model is using surface water before 

groundwater. In all scenarios the losses were decreased to 30% 2020. The Kidunda dam was installed 

2022, with a storage capacity of 1 M m3. All scenarios includes the extension of the Lower Ruvu with 

an increased maximum outflow of 4.167 m3/s 2025. 

• The first scenario, called reference scenario, followed the development plans for DAWASA with 

increased extractions from the boreholes from 0.313 m3/s to 4.757 m3/s. The total water use 

pattern was decreased from 93 l/cap/day 2017 to 90 l/cap/day 2030. 

• For the second scenario, an increased demand was made, a linear increase to 75 l/pers/day by 

the year 2025. The expected economic growth and the 2025 vision for the city, was simulated 

by increasing the demand for non-domestic to a percentage of 50% of the total demand for the 

year 2025. 

• As a last investigation, sustainable water use is simulated on both scenarios mentioned above 

following the recommendation on the extractions from the Kimbiji aquifer will be only 150 000 

m3/day and the extractions from the shallow aquifer under the city will be set to zero. 
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5. Results 
The historical flow data is put into WEAP for the years 1980-2010 (Figure 6). Looking closer at how 

Ruvu river have been variating historically, the trendline (Figure 6, dotted line) for all the values shows 

a very small downward trend. Which means that the flowrates are decreasing. There are typically two 

peaks per year, shortly after the raining periods with the highest being somewhere in between April-

May and the smaller one on October-November. The highest peaks per year shows an upgoing trend 

(Figure 7), even though the maximum values vary greatly from under 100 to over 700 m3/s. The 

combined trendlines shows that even though the flows are decreasing, the peaks are growing. This 

shows a possible change in the flowrates of the Ruvu river. A possible explanation could be due to 

changed use in the sub-catchment, with deforestation, the runoff increases, meaning a less infiltration 

that slows down the movement of the precipitation.  

 

Figure 6: Simulated flowrates, y is showing the equation for the linear trendline (dotted) data handed (Nobert, 2019) 

 

Figure 7: Maximum flowrates for each year, y is showing the equation for the linear trendline (dotted) (1980-2010) 

Even though the historical peaks have been over 700 m3/s in late April for the year 2002 (Figure 6) 

most of the flows are under 110 m3/s why the simulated flows in the future shows lower peaks than the 

historical maximum. Another explanation for the flows in the future showing shorter peaks, is that 

WEAP evaluates a monthly average, not as daily as the collected data shows. From the historical data, 

WEAP evaluates flows for the years 2017-2030 (Figure 8) following the same values and fluctuations 

as the historical data, with no consideration of the changed flows of Ruvu river investigated and 

mentioned above.  
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Figure 8: Simulated flowrates in WEAP  

EFA recommends a yearly flood-peak for Ruvu river at Kongo with a minimum of 92 m3/s. This is 

achieved for all historical years except 2003 (Figure 6), however it should be noted here, that no real 

data was collected for that year and all these values were simulated. Looking at the years 2017-2030, 

this value is not met for the year 2017, 2019, 2022, 2028, 2029. The values in this simulation, shows a 

monthly average. Therefor these numbers cannot fully be compared with the daily data that is 

collected between 1980-2010. If we consider the extractions from Ruvu today, which is at a pace of 5.4 

m3/s and in the future 6.4 m3/s the historical data shows an additional unmet maximum flow for the 

year 2009 in both cases.  

Even though the treatment plants at Ruvu river were estimated to work at their highest capacity, the 

flows in WEAP shows that there is not enough water throughout the years to cover the wanted quantity 

of water at the inlets. This is the supply is not a straight line, like the waterflows coming from Mtoni 

and boreholes. 

The water demand (blue lines) increases in all scenarios (Figure 9,10) as a result of population growth 

in the light blue line and increases more in the dark blue line because of the simulated addition of 

economic growth which was simulated to increase the demand for both domestic and non-domestic 

demand. The unmet demand decreases for all scenarios due to less leakages, increased groundwater 

extractions 2019-2020 and because of the building of the Kidunda dam 2022. Apart from those 

exceptions, the unmet demand increases as a result of the increased demand. For the domestic 

demand (Figure 9), which was given highest priority, the best-case scenario, with DAWASAs future 

investments and per capita decreased demand shows a 100% coverage for the domestic demand in 

year 2020-2021 and in the beginning of 2023. In all other cases, the supply does not cover the 

demand. Even if the company will increase the maximum water extractions to 976 000 m3/day the 

company is expecting to have a demand of almost 1 Mm3/day by 2030. If the losses are taken into 

consideration, which the company has set a goal to decrease to 30% by 2020, the maximum water 

delivered from the water extraction will be 683 200 m3/day. This means that the demand will not be 

met after 2023 for the domestic demand (Figure 9). 
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Figure 9: Supply delivered (grey), demand (light blue) and demand economic growth (dark blue) 

In the domestic demand, if looking at DAWASAs plans as being the standard of scenarios, the biggest 

contributor to unmet demand is if the supply is delivered sustainable, more than the simulation of 

economic growth. In the total demand however, this is the opposite since the total demand also 

includes the increased demand coming from the industries, which will be half of the total demand for 

the year 2030. For the total demand (Figure 10), the goal of serving 100% of the demand is not 

achieved in any of the scenarios. For the best-case scenario the met demand only reaches up to 93% for 

the year 2020 and for 2030, this number decreases to 60% and for the worst-case scenario with an 

economic development and a sustainable water extraction, the met demand is only 24%. If the demand 

develop as DAWASA is expecting but a sustainable water use is simulated, the number will be 36% and 

if the demand is increasing because of economic growth and DAWASA are extending their supply as 

planned the coverage will be 41%. 

 

 

Figure 10: Sustainable supply delivered (grey), demand (light blue) and demand economic growth (dark blue) 
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6. Discussion 
The trendlines on the historical flow showed that while the flows are decreasing in total quantity, the 

peaks are increasing during the annual rainy season. The changes could be as a result of climate 

change, deforestation and increased water permits (Ngana et al., 2010). The change in temperature 

and evaporation was not considered in the WEAP-model which could show even higher variations of 

the waterflows in the future. 

The installation of Kidunda dam will secure the flows to some extent but to this and another study, this 

is not enough to cover the wanted demand for all days of the years (Nobert and Skinner, 2016).  

The result indicates an increased total demand in all scenarios, even though the demand per capita 

was simulated to decrease in two of the scenarios. The explanation being the urbanisation that was 

simulated in all scenarios.  

The development of a city that is experiencing an economic growth and developing into becoming a 

middle-income country is increased demand of water. According to the Maji Manual the need of 

domestic water increases from 70 to 130 l/cap/person when the household goes to medium income. In 

this study, the calculated demand was 75 l/cap/day, meaning this demand could show to be even 

higher.  

80% of Tanzania’s industries are in Dar es Salaam, which mean they stand for a big part of the water 

demand within these 93-90 l/cap/day that the company has calculated. Unfortunately, no detailed 

data was found on how the demand was calculated by the company. Therefore, this study simulated 

the development of the industries to go from 30 to 50% of the total demand of the city. Numbers from 

UN shows that the demand from industries for a high-income country can be almost 60% of the total 

demand (UN, 2003).  Even though this is a very broad estimation, Dar es Salaam with this large 

percentage of industries and as the economic capital of the country with a vision of a continuation of 

this development, the increased demand is not fully unreasonable. Reminding that the water needed 

for both industries as well as domestic demand can vary greatly. 

Like DAWASA is expecting, some reductions can be done on the water demand. There are 

opportunities to decrease the large water leakages. This number will, however, be difficult to get under 

a certain percentage. Some losses are natural within a water system. Other reductions include 

densification of the city meaning shorter pipelines leading to less leakage per capita and better 

technology can all lead to reduction and a more efficient water use. However, these reduced water 

flows might not cover the increased demand that will follow on 100% access, urbanisation and 

economic development. The goal of increasing the connections to the sewage system, from todays 10% 

coverage will most likely increase the demand for water significant. This is often done in the step from 

low to middle income households where the consumption of water increases greatly.  

There was found little research on the water use of the informal settlements in Dar es Salaam which 

probably use less water than the connected costumers to DAWASAs network and will continue doing 

so for quite some time. The estimation on the demand is an overall assumption and the real values can 

vary greatly, especially in Dar es Salaam, where there are many different socio-economic households 

living. 

6.1 Sustainability 

The quantity DAWASA is aiming on extracting from Kimbiji aquifer has been questioned and the 

shallow aquifer is stated to be used beyond its capacity and therefore are experiencing stress (Skinner 

and Walnycki, 2016). Upstream abstractions in the Ruvu river has made the surface water supply 

uncertain and the environmental flow cannot be attained according to previous hydrological models 

(Nobert and Skinner, 2016). The much needed Kidunda dam will also affect the river negatively, since 

that will affect the environmental flow negatively. In the sustainability point of view, none of these 

three possible resources seems to be eligible. Even if there are large amounts of groundwater for Dar es 

Salaam to extract in the future, the water supply is still very much dependent on the flow in Ruvu river. 

The wanted amount of water is not covered by the flows in the river and probably even less so in the 

future. For securing the capacity of the supply coming from Ruvu, the WRBWB are advised to stop 

allowing upstream abstractions (Skinner and Walnycki, 2016, Nobert and Skinner, 2016). In upstream 

area, however, much water is needed for the agriculture sector, which are also experiencing an 
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increased demand. Much of the demand coming from the growing city, Dar es Salaam. Another aspect 

is the probability of climate change that most likely will affect the waterflows negatively in the River 

and stress the water supply even more in the coming future which this model did not consider. Due to 

the many uncertanties of the river, the future supply from this source is not to be considered fully 

secured. 

The shallow aquifer that today extends its sustainable yield (Skinner and Walnycki, 2016) will 

continue to supply water for the people of the city, especially for the informal settlements. This aquifer 

has high concentration of chloride and are easily polluted from industries and sewage, especially 

during the raining season. Since water is extracted in a higher rate that is recommended, to secure the 

quality and quantity for this source, DAWASAs could stop their extractions to help it recover. In the 

deeper aquifer, the values for the sustainable yield for the aquifer varied greatly between sources, 

therefore more investigations should be done before determining if the investment plans for DAWASA 

is sustainable.  

Tanzania is approaching water stress and different demand actors are fighting for the limited supply. 

Just like the study shows, the demand will most likely increase, while the supply coming from Ruvu 

river will decrease. Deforestation around the sub-catchment, increased temperature and an increased 

fluctuation of the flow in Ruvu combined with the location of Dar es Salaam in the lowest and most 

downstream part of the sub-catchment area makes the surface resource eve more uncertain.  

The Ministry of Waters priority, with the domestic demand as number one and the environmental as 

number two, the city still needs to attract investors and new businesses. Without efficient water for 

this non-domestic activity, the city will face difficulties in becoming a middle-income country by 2025. 

A more strengthened policy of how the water should be divided between stakeholders are needed to 

secure the natural flows of the river.  

6.2 Uncertanties 

The waterflows in Ruvu was used from simulations and not the actual data. This was used because the 

actual data had gaps. The future flow was estimated to have similar flow in the future, why no 

consideration was done to climate change. To make a more certain analysis on how the flows in the 

river has changed and why, more data on rainfall and terrain is needed. The estimations on the 

quantity and distribution on the demand was an overall estimation. Therefore, a more detailed 

investigation on demand is needed to get a good model. As Maji Manual states, the domestic demand 

can vary between 25-250l/cap/day in a city (Ministry of Water and Irrigation, 2009). Some of the data 

showed different numbers when comparing different sources. There is uncertainty in the model of the 

location of storage and a roughly estimation of a mean value of the NRW. The NRW includes all losses, 

not only physical losses that this study is interested in, which are most likely lesser than estimated in 

this model. As EWURA points out, the approximation is not satisfactory (EWURA, 2018). The 

estimations in how the economic growth will affect the water use in the area was also an overall 

assumption, especially when estimating the demand for the non-domestic. This number would most 

likely differ a lot within the chosen area and previous literature has shown that this could be even more 

difficult to estimate in low- to middle-income countries, where little research has been done on how 

the cities will evolve in the future. The large proportion on informal settlements have a big impact on 

water use in the city and the future demand. Little research has been done on the demand of water in 

these areas and how they will change in the future. The water use in these areas are probably very low 

and will not change to the 75 l/cap/day consumption that is estimated in this model within the chosen 

period. Both Kizinga and groundwater extractions are estimated to have 100% efficiency with a steady 

flow that covers the wanted quantity while in reality these numbers vary greatly. 

6.3 Future studies 

The changes in the waterflows for the Ruvu river is showing a need for future studies to investigate 

closer on how the river is changing and how much it is being affected by the activities around. Future 

studies could locate the supply and demand more detailed within the five districts. The demand and 

supply for the different actors varies a lot within these areas and different social-economic groups. 

Future studies could also investigate and locate how the future demand would evolve to see how the 

demand is distributed with consideration to the uneven supply. Another area could be to investigate 

the quality of the water and extend the model to also look at sewage water. Future studies could also 
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investigate how climate change and increased temperature could affect the supply from both surface 

water and the two aquifers. An actual demand of the different parts of the non-domestic demand in the 

area could be put in the model and make a better approximation on both current and future demand.  

7. Conclusion 
The water challenges and cities facing water stress are expected to increase in the world and Dar es 

Salaam is not an exception. The company is facing many challenges within the near future to secure 

the water supply for their area of distribution. One of the challenges is to plan for the expansion of 

their infrastructure and distribution of network. When supply is scarce and demand is moving and 

changing, a planning tool like WEAP could help make the planning more efficient where this project is 

just seen as the frame or start of this model. This study showed a change in flow from the city’s biggest 

supplier, Ruvu river and an increased demand from residents and industries. Most of the 

infrastructure are built in the city centre, where the water demand is already high. The demand will 

most likely grow the most where new industries are being located and in the households that are 

experiencing an economic growth and therefore can afford to use more water for cooking, cleaning, 

washing and shifting to flush toilets. Further studies can look closer at these areas and locate where 

the demand will grow to be the biggest. According to this study, the demand will grow in all scenarios 

more than the growing supply, this shows a need for exploring new sources of supply to cover the 

growing demand. Further studies are needed on the deep Kimbiji aquifer to see if this can be extended 

as planned or even further and if this can be done sustainable. In a sustainable point of view, the 

surface water is preferred, but in Dar es Salaam this source is not infinite and the upstream 

abstractions in Ruvu river are outside DAWASAs control. The increased demand of water will most 

likely increase the abstractions upstream in the river and the higher temperature and changed climate 

will decrease the flow and change the seasonality of the waterflows. The Kizinga river is not capable of 

being extended to this needed amount, why that is not seen as an alternative of expansion. The shallow 

aquifer can be used to some extent but due to the over abstraction that is today, neither this is a good 

source of expansion. None of the available alternatives seems to cover Dar es Salaams future need of 

water, investigations on desalination of seawater could be investigated due to the location of the city.  
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