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Abstract  
Water is an essential resource for basic human survival, but today several cities and people lack 
access to both reliable and clean water. Dar es Salaam in Tanzania is undergoing a rapid 
population growth and need to improve their current water delivery system in order to provide 
water to the city’s inhabitants. This report’s objective is to examine if Dar es Salaam Water 
and Sewerage Authority (DAWASA) manual water valve operation is improved with the usage 
of remote-controlled valves instead. The remote-controlled system will consequently be 
evaluated and compared against the manually controlled valves. In order to obtain necessary 
data for this study interviews and field trips were conducted at DAWASA as well as at the local 
market at Kariakoo. Additionally, information has also been gathered from the collaboration 
partners at College of Information and Communication Technologies (CoICT).  

The results provided information that a remote-controlled system could, in the measured 
reference area of 52 km of water pipes, save up to 900 U.S dollar monthly and 46 m3 of water 
daily for DAWASA. These savings would consequently contribute to an increase in resources 
which leads to further improvements to the current water distribution system. Because, today’s 
system is in need of a development in order to sufficiently provide potable water to the city. 
The remote-controlled system could also help to reduce the spread of waterborne diseases, 
destruction of roads and create a more reliable source of water since the water valves would be 
regulated more efficiently. A remote-controlled system would however need a sufficient 
amount of funding in order to be installed, but is both simpler to install and a more feasible 
solution compared to other alternatives. For these reasons, the designed system is concluded to 
be a more effective, sustainable and economical feasible solution for handling and managing 
the outdated valves. 
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Foreword  
This project was conducted together with KTH Global Development Hub (GDH) with an 
overall objective to inspire new ideas and innovations for a sustainable global development. In 
order to achieve the goals for the GDH, the innovation capacities from Sweden and Africa were 
brought together to find solutions to major challenges in the society. One of the first steps for 
GDH was to create academic partners in sub Saharan countries where students from KTH 
collaborated with local students in order to find solutions to local challenges. The solution 
process focused on a challenge-driven innovation process, which could contribute to a faster 
and a more efficient problem solving.  

The authors of this report are part of GDH and conducted the project in Dar es Salaam in 
Tanzania together with students from University of Dar es Salaam. In order to solve some of 
the local water issues the method of challenge- driven education (CDE) was used. The water 
issues involved 4 main challenges which DAWASA and the CDE approach have formulated: 
1) inefficient customer care, billing and revenue collection, 2) low sanitation coverage, 3) 
access to good quality water in unplanned areas, and 4) lack of infrastructure and asset 
management. The solving process were made with the collaboration including 6 KTH students 
with different academic expertise working together with 30 local students from College of 
Information and Communication Technologies at UDSM.  
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1.  Introduction    
The introduction section describes various aspects of water supply with relevance to the 
report’s objectives and aim. It presents a brief background to what the water related problems 
are today, the water related challenges Dar es Salaam will face in the future and the history of 
the reasons behind them. The report’s objective is to evaluate a part of a possible solution for 
one of four extensive challenges which DAWASA has formulated with a Challenge Driven 
Education (CDE) approach.  

  1.1  Background    
Water is one of the most essential resources people all around the globe depend on. Potable 
water has a great impact on health, but still some countries and especially low and middle 
income countries has a shortage of it. As much as 99.8% of all water related deaths occur in 
these type of countries (Kjellén 2006). The fatalities are often correlated to water carried 
diseases and symptoms such as cholera and diarrhoea, which are easily spread in poorly 
sanitized and regulated water systems. In Dar es Salaam only a small part of the households 
have access to piped and well regulated water and most of the lowest income households are 
therefore forced to use expensive and deficient alternatives such as private water vendors 
(Kjellén 2006). Dar es Salaam faces many challenges in the near future related to the rapid 
population growth and has acknowledged that water issues are some of the most critical 
problems for the city's development. However, many of the earlier efforts that have been 
initiated by the government to improve the delivery of and a reliable access to potable water 
have failed, such as privatization of the water distribution (Bakker 2010). Therefore, a more 
extensive and continuous developmental work that addresses the water issue in Dar es Salaam 
needs to be re-initiated provided and secured. 

1.1.1  Water  in  the  world    
During the United Nation Millennium summit in 2000, 8 Millennium Development Goals 
(MDG) were stated (UN 2000). One of the 8 stated goals included to insure environmental 
sustainability, and to halve the number of people without standing access to safe drinking water 
by the year 2015 (UN 2000). As early as 2010 the milestone was met and in 2015 it was 
measured an increase of 2.6 billion people who have gained access to safe water sources 
between 1990-2010 (UN 2019). These numbers indicated that in 2015 89% of the world’s 
population had access to improved drinking water, which was 1% higher than the set 
Millennium development goal (Rugemalila and Gibbs 2015). However, given these 
achievements the figures above also reveal that 2.4 billion people still suffers from unsafe and 
fairly unimproved water and sanitation facilities (UN 2019). 

Between 1990 and 2015, 89% of the world’s population got improved access to water sources, 
but there were still 40 countries that did not meet the objectives set by MDG (Mapunda, Chen, 
and Yu 2018). These 40 countries mostly include sub-Saharan countries (Rugemalila and Gibbs 
2015), which points on great disparities on how the MDG’s were met. Furthermore, in sub-



 

Saharan countries it was reported that roughly 61% had gained access to improved water 
sources and even a decline in improvements of drinking water sources in some areas, including 
Tanzania (UNICEF 2012). The sub-Saharan region is also accountable for 43% of the 800 
million in total who still lack access to drinkable water in globally. Access of potable water is 
crucial in these areas since the demand for it in developing countries increases along with their 
rapid increase in population, economic development and rural-urban migration (Reweta and 
Sampath 2000). 

Additionally, as a result of the success from the MDG program developed in 2000, further 
global goals for the near future called Sustainable Development Goals (SDGs) were put 
together by United Nations Development Program (UNDP). These goals were set in order to 
end poverty and protect the planet and all of its inhabitants (UNDP 2019). Goal 6 of the SDGs 
involves clean water and sanitation. This goal includes several different hardships but the main 
objective is to obtain by 2030 safe and affordable drinking water for everyone (UNDP 2019). 
By doing so over 800 million people need to be ensured basic water service and 2 billion people 
need improvements in both accessibility and safety (UNDP 2019). Subsequently, the set goals 
also involve water-use efficiency, expansion of the international cooperation and strengthening 
of the sanitation management. Because, in 2015 only 39% had a safe sanitation system and the 
2 billion people suffering from water stress is projected to increase (UNDP 2019). Therefore, 
the SDGs are set to be obtained by year 2030.  

1.1.2  History  of  water  distribution  in  Dar  es  Salaam  
From 1880 to 1918 Tanzania was a German colony and back then the government prioritized 
the European residential areas in Dar es Salaam when a piped water network was established 
(Kjellén 2000). A water treatment facility at Gerezani was constructed to expand and increase 
the distribution of water in 1949 by the British, who overtook the responsibility for the 
administration of the colony after World War 1, but this regime continued to favour the 
European community in the city. A second, as well as a third treatment plant were constructed 
in 1959 (Upper Ruvu) and 1976 (Lower Ruvu) respectively, and they still today remain the 
main sources of water in the city. It may be easy to assume that by expanding the system and 
bringing in larger amounts of water the African neighbourhoods would get significantly greater 
access to water. However, as Sarah L. Smiley (2016) marks, during the colonial era mainly the 
European homes took benefit of the expansion, at the expense of the African community who 
still to a large extent have to fetch water from communal kiosks in public spaces. 

Since Tanzania’s independence in 1961 not much has changed for the people in Dar es Salaam 
regarding the water supply. The expansion of the water supply system has been going on at a 
slow pace while the population continuously has been increasing. This means that the 
Tanzanian community gets access to most of their water in the same way as during the colonial 
era. As Mwakalila (2007) explains, most of the sources and infrastructures for water supplies 
and sewage systems have run down or are outdated, and therefore needs to be replaced or 
renovated. Attempts of privatizing the water supply services in the late 1980s and 1990s did 
not perform as desired, which subsequently led to the creation of the Dar es Salaam Water and 
Sewerage Corporation (DAWASCO) and DAWASA (Dill 2010) The two semi-autonomous 



 

public institutions were later merged into just one institution (DAWASA) in 2018 (Mapunda, 
Chen, and Yu 2018). 

1.1.3  The  current  water  situation  in  Dar  es  Salaam  
The city’s water is today mainly collected from three main locations; Mtoni River, Upper Ruvu 
River and Lower Ruvu River. Combined, the total production from all plant is about 418 000 
m3/day but have a capacity to produce up to 486 000 m3/day, whereas the average demand of 
water is just above 535 000 m3/day (EWURA 2018). This water deficiency gets especially 
apparent in suburban or unplanned settlements where almost all the water is distributed by 
small scale providers (Mapunda, Chen, and Yu 2018). In total, DAWASA manage to distribute 
piped water to only 25% of the people in Dar es Salaam (Rugemalila and Gibbs 2015). The 
small part of the population that have access to piped water is still exposed to limitations in 
water reliability. For example, in 2014 56% of the people with access to piped water in the 
district Temeke in Dar es Salaam only received water 1-4 times every month and 98% did not 
have access every day of the month (Rugemalila and Gibbs 2015). 

Apart from having issues with potable water accessibility, Dar es Salaam is also the biggest 
and fastest growing city in Tanzania. However, the city’s water supplier plans to increase the 
network which later will be able to produce over 700 000 cubic meters of water per day (Smiley 
2016). But simultaneously as the network expands the population growth rate in Dar es Salaam 
is one of the highest in the world with an estimated growth rate at 4.3% in 2002 (Mtoni, 
Mjemah, Msindai, Camp and Walraevens 2012) and an overall 3.1% in Tanzania 2013 (NBS 
2018). To understand what these numbers means for Dar es Salaam, the population in Tanzania 
in 2013 was calculated to 46 million and is estimated to reach 89 million in 2035 (NBS 2018). 
Urban areas such as Dar es Salaam will therefore have, in a few years, more than twice the 
population it has today and consequently, more than twice the demand of water. Peripheral 
areas are the most effected, with higher densities and higher fertility rates than the overall 
average of roughly 5 children per woman (NBS 2018). 

Since the water situation in Dar es Salaam is reaching a more critical phase a lot of people are 
forced to use alternative sources of water, such as usage of water vendors in order to be less 
dependent on DAWASA. It is also important to note that many people have access to water on 
report but because of DAWASA’s poor results in managing of the water distribution this is 
rarely the case in reality (Smiley 2013). The realities in many households are instead a water 
distribution system reliable on pushcarts and tankers since they serve as an important 
complement to the piped water system (Kjellén 2000). This solution consequently promotes a 
water vending business and a livelihood for numerous citizens, but it also creates difficulties 
for others. For example, the water vending business often distribute water at a significantly 
higher price than what is economical possible for many (Kjellén 2013). Piped water can cost 
around 0.34 U.S. dollar and around 4.38- 12.50 U.S. dollar from water vendors (Kjellén 2006). 
Therefore, most of the lower income households gather their water by long and multiple trips 
every day to reach boreholes or shallow water wells (Smiley 2016).  



 

1.1.4  Four  grand  challenges  for  Dar  es  Salaam  and  DAWASA    
The largest overall long-term challenge for DAWASA is to connect all the citizens in Dar es 
Salaam to a reliable and potable piped water and sewerage system. However, in the near future 
this will be hard to fulfil and other solutions to the distribution of the water have to be 
established and discussed (Kjellén 2000). Because of this massive challenge DAWASA stands 
in front, the organisation has together with CoICT compiled four smaller challenges with a 
Challenge Driven Education approach which will help them obtain an improved service 
delivery and operation. These challenges are explained in more detail below and include: 1) 
lack of infrastructure and asset management, 2) low sanitation coverage, 3) access to good 
quality water in unplanned areas, and 4) inefficient customer care, billing and revenue 
collection. 

The infrastructure and asset management is an area that needs improvement and is also the 
area in focus for this report. DAWASA estimates that roughly 40 % of the water that is being 
pumped is unaccountable, although that figure has been improved lately. Furthermore, 44 % of 
the lost revenue is because of water leakages and the aim is to reduce the proportion to 30 % 
by 2020, which means a lot of development has to be accomplished. A great percentage of the 
water that is pumped from the treatment plants is lost through pipe leakages and thefts. Today, 
DAWASA depends on leakage reports from citizens and the time until the leakage is repaired 
is usually too long. Since there is a lack of an effective system for detecting leakages DAWASA 
loses some of their revenue collection. Therefore, a database system of all the water supply 
infrastructure components as well as a leakage management system are needed. Also, efforts 
should be carried through regarding the imbalanced water pressure, poor management of 
personnel and poor valve control. 

As stated in the paragraph above, 44% of the unaccountable water is lost due to leakages. One 
cause of the high leakage losses lays in the slowly operated valves (private communication, 18 
January 2019). The manually controlled valves require too much time and resources to be 
operated, which lead to high losses of water and pressure imbalance. The imbalance in pressure 
contributes to too high or low pressure in the pipes, which propagate cracks or insufficient 
water supply (private communication, 18 January 2019). Today, the valves can take up to 6 
hours and 3 men to be operated, which makes the response time to solve a reported issue far 
too long, which may cause bursting of pipes and excessive water loss (private communication, 
3 February 2019). By finding an enhanced alternative operating system for the valves the stated 
issues above can be improved, which consequently makes the report’s purpose, to examine an 
alternative solution for the system, important to analyse. 

Low sanitation coverage is another challenge for DAWASA, where the sanitation covers only 
10 % of the population. Because of the low coverage many of the residents have to take care 
of their waste with solutions like septic tanks or pit latrines. The quality and quantity of roads 
are generally low in Dar es Salaam, especially in its outskirts. Therefore, the trucks that are 
supposed to pick up the waste may have difficulties to complete those tasks. Between March 
and May there is a rainy season with around 300 mm rainfall a month, which leads to an 
increased risk of floods and in turn affects the groundwater and in unfortunate cases waterborne 
diseases emerges (private communication, 18 January 2019). Examples of other problems are 



 

faecal sludge that is dumped into the sea, dumped highly toxic wastes, to obtain adequate 
sanitation for the peri-urban areas and improper billing methods (private communication, 18 
January 2019). 

With the ongoing rapid population growth in Dar es Salaam, access to good quality water in 
unplanned areas becomes a very evident problem. The most essential problem is that only a 
few percentage of the population are connected to the water supply network. But even those 
who are connected are often exposed to unreliable water supply. Furthermore, DAWASA’s 
piped water provides uneven quality of the water and is not always drinkable unless it is boiled. 
Due to leakage, poor water quality monitoring and sewage management the water is often 
contaminated and the users are commonly unaware of the situation (private communication, 
18 January 2019). People in unplanned areas usually lack access to DAWASA’s water directly, 
instead the water is gathered from water vendors at a price three times higher than the one set 
by DAWASA. Thus, DAWASA must be able to have better control of their pipes, improve 
their water quality monitoring and inform the users about the quality in order to expand the 
network and provide safe water (private communication, 17 January 2019). 

Additionally, inefficient customer care is a problem for DAWASA since it is the customer who 
finally will give the company a revenue. The main issues are that the complaints from the 
customers are not handled within time, the feedback is badly managed and the billing and 
revenue collection management are poorly handled. DAWASA’s engineers have no direct 
communication today to verify if a complaint has been solved. Also, there is no direct 
interaction between the customers’ water reading meter and DAWASA’s database. This 
contributes to inaccurate readings of meters since the meters have to be manually controlled. 
Furthermore, there is no systematic ways to prioritize complaints and to assign a suitable 
engineer, which leads to delayed feedback. Consequently, the poor overall control of the billing 
system makes customers able to avoid paying their bills, resulting in a lack of funds for further 
investments for the company. 

1.2  Objectives  
The overall aim of this project was to examine how the possible effects of remote-controlled 
valves may contribute to the water distribution system efficiency in low and middle income 
countries. One of the objectives was to compare manually and remote-controlled valves’ 
efficiency and effect on the water availability for the citizens of Dar es Salaam in Tanzania. 
A further objective was to develop and evaluate the effect of a more effective, sustainable and 
economical feasible solution for handling and managing the outdated valves, in perspective 
of both the citizens and the water distributor in the Dar es Salaam region (DAWASA). 

In order to achieve these objectives, the following questions have been addressed in this 
work: 
●   How do remote-controlled valves differ from other alternatives for the controlling of 

water valves? 

●   In what ways will remote-controlled valves have positive impacts for DAWASA and 
on the liveability in Dar es Salaam? 



 

●   In what ways does the existing solution for operating the valves lead to problems for 
both DAWASA and the community? 

●   What will be the hardships with installing and maintaining remotely controlled valves?  



 

2.  Methodology  
The methodology section describes different methods used in the study to gather useful 
information of the background issue and the results. The following methods have been used 
during the study: 

●   Literature study 

●   Field studies 

●   Interviews 

●   Collaboration with CoICT students 

●   Design supervision from mechanical and electrical experts 

●   Calculations  

●   Prototyping 

Primarily a literature research was conducted to gather background information about the water 
issues globally and in Dar es Salaam. This was followed by collection of data already conducted 
by students at University of Dar es Salaam under the CoICT department who worked with the 
four main challenges from DAWASA. Further methods included field studies, calculations of 
results, interviews, personal contacts and prototyping. Field studies were made at DAWASA 
to measure the valves operational system and also at the local markets at Kariakoo. The main 
part of how the valves are operated today was collected through either interviews or electronic 
contact with an engineer at DAWASA’s university area. However, frequent contact with 
professors in the field of electric motors and mechanical engineering were also used to provide 
the report with information about the design and how the system would work in the field. 
Additionally, some calculations were made in order to calculate the results and create a 
prototype. The prototype was subsequently built together with CoICT in the purpose to present 
a working solution for DAWASA.   

2.1  Assumptions    
Due to DAWASA’s large coverage area (see Figure 1) this report was primarily delimited to 
study 52 km of pipes (referred as “reference area”) rather than the total 7000 km in order to 
gather more precise information about the valves. The reference area is under supervision by 
an engineer (private communication) working at DAWASA who has provided the report with 
necessary data about the valves in the reference area and also how they can be generally 
compared against DAWASA’s total coverage. Furthermore, the calculations were mainly 
based on the average information that was collected by field samplings and interviews since 
the total area of DAWASA is excessively extensive to be measured exactly. It is also assumed 
in the result section that the remote-controlled system can be installed on all of the valves listed 
in Table 1 which all are in the reference area and have reasonable size. The calculations for 
acquiring the motor specifications and dimensions of the system’s parts were calculated 
roughly. More accurate readings were not needed since they would become irrelevant after the 
report’s other assumptions about the valves in general.  



 

The reference area contains of larger pipes and valves which require more resources to be 
operate on and manage compared to DAWASA’s system in general. This area also contains 
more valves which are large enough to benefit from a remote-controlled system. It was assumed 
that DAWASA’s total coverage can be approximately compared to the valves from the 
reference area with the purpose to give an overview of the impact a remote-controlled system 
can have for DAWASA. The assumption was made since the report was limited with 
information from the reference area and not information about DAWASA’s total coverage. 
However, some calibrations about their differences when calculating the results were necessary 
in order to improve the results reliability. Consequently, the report shows general results on 
how the valves are operated in the reference area and overall. 

 

 
Figure  1.  Illustration  of  DAWASA’s  total  coverage  area  in  Dar  es  Salaam,  their  three  

municipalities  and  their  population  density  2015  

2.2  Field  studies  
Mtoni treatment plant is where DAWASA distribution services originally started and is the 
smallest of the three treatment plants. Together with supervisors from the Royal Institution of 
Technology (KTH), Sweden, a field trip to the treatment plant was performed in order to 
understand how DAWASA distribution system works. The field trip also included a visit to 
DAWASA’s university area. During the visits no measurements were implemented, but they 
informed about the variation of the valves, the security and how they may be located in both 
rural and urban facilities. The trip was organized together with DAWASA (Private 
communication, 30 January 2019) who could explain the different types of valves, their 
functions and show the whole valve by which the measurements later were made on. 



 

DAWASA’s guide for the field trip, the same person that operated as the private contact during 
the project, could further point out a valve he thought was appropriate to test the report’s idea 
on. 

To be able to take different types of measurements of the selected valve a visit to DAWASA’s 
university area was made (3 February 2019). At this visit the length of the crank which is 
rotated to open and close the valve was measured, as well as the force needed to rotate it. 
Furthermore, measurements on the shaft, the number of rotations to fully open and fully close 
the valve, and the distance from shaft to the ground were made. With these collected values the 
torque needed for operating the valve could be calculated and thereafter a motor could be 
chosen after the specific demands. 

As the cost for electrical motors and other equipment needed for the system varies widely 
around the globe, this report aimed towards finding products locally. For this three visits 
(02/13/2019, 02/19/2019 and 03/26/2019) to the local Kariakoo market were made, whereas 
the first and third was to a second-hand market. This first visit was guided by a mechanical 
technician from UDSM as the location of the market was concealed from the streets and an 
interpreter was needed. During the first visit, the aims were to gather information about the 
costs of used gear wheels and motors, and also what variety of used products the market had 
to offer.  

The second visit to Kariakoo was mainly conducted on India street or on other open street 
markets in Kariakoo. Unlike the first visit, the aim in the second was to only examine and 
compare new products, including different types of motors, solar panels, batteries and gear 
wheels since some components are preferred to be new. This mainly gave information about 
the costs of the products, how they should be stored and their life expectancy, which was 
needed to be able to choose the most optimal components for the remote-controlled system. 
Lastly, one further visit to Kariakoo was made in order to buy an electric motor and the gear 
wheels for the prototype. 

2.3  Interviews  
In order to gather specific information from DAWASA two interviews was conducted at 
DAWASA university area with one of their head engineers. The engineer Tyson Mkindi was 
introduced by the collaboration partners at CoICT and is responsible for the student contact 
between DAWASA and CoICT. Tyson has a background in Civil engineering and is in charge 
over the reference area including 52 km of pipes from DAWASA university area to Bagamoyo, 
which includes the largest pipes and valves in Tanzania and eastern Africa. With Tyson’s 
background and working tasks, requested information about DAWASA’s valves could be 
gathered through interviews. The interview questions were sent two days in advance by text to 
DAWASA before the interviews were conducted in order to give give DAWASA time to 
collect the answers. Two interviews were conducted, 03/02/2019 and 20/03/2019 (see 
Appendix 1 and 2), since the first interview failed to provide all necessary data to this report 
about the pipes and the valves. Furthermore, concise information was also provided by either 
text or brief telephone calls.   



 

2.4  Contacts  
To further understand today’s situation in Dar es Salaam, previous interviews and online 
surveys conducted by the collaboration partners at CoICT were also studied. These provided 
necessary background information about the consequences and the reasons behind some of the 
pipe leakages according to the interviewed private citizens in the located areas. The interviews 
were conducted at four different locations, Mikocheni, Tabata, Segerea and Changanyikeni 
(see Figure 2) between 16 to 20 of August (see Appendix 3 and 4). Each location included 
interviews with at least two local citizens, but with similar middle class standard of living. 
These interviews and surveys in the different areas were conducted in order to compile and 
understand the main issues behind pipe leakage, its aftermath and what should be done to 
improve the situation. The information from these interviews and surveys was primarily 
presented by a Power Point presentation (18/01/2019), which later was sent by email. They 
were used later in the report to give information about the problems about the current water 
distribution system in Dar es Salaam from local citizens’ perspective.  

One of the purposes with this project was to have a close collaboration and contact between 
students from different field of studies. Since the students at CoICT specialize in information 
and telecommunication technology, their area of concentration were to make the system 
remote-controlled. Some of those tasks were to design the circuits with all the necessary 
components, to write a working program and to design a user interface. The co-operation was 
mainly done with the student Lucas Malfoy, who could describe the problem and the objectives 
for the challenge. Also, he assisted during the prototyping by testing the model and submitting 
inputs.    

 
Figure  2.  Map  over  Dar  es  Salaam,  locations  of  interviews,  contact  points  and  Kariakoo  



 

Further information collected for the system was given by contacts at the University of Dar es 
Salaam at the department of mechanical engineering, senior research engineer Mats Leksell 
working for division of electric power and energy system, and also by some shop owners in 
Kariakoo. At the University most information was given by associate Professor Bavo 
Nyichomba who supervised the authors for the mechanical design of the system and gave 
information about the mechanical parts, including the life expectancy, costs of construction and 
installation. Mats Leksell (private communication, 22 February 2019) has also supervised the 
authors and further explained different types of electrical motors and how they can be applied 
in the model. The shop owners were solar panel or batteries storekeepers and showed what 
panels and batteries that fit together and what their combined costs were. For the price range 
on valves and valve actuators Andreas Blide at the sales department at Industriarmatur in 
Gothenburg, Sweden helped with informing about the prices through email contact.  



 

3.  Results  
The following section describes the current operation of the valves and for a remote-
controlled system, as well as describing how the prototype was designed. Two areas are 
described, the reference area and DAWASA’s total coverage area. This is for the reason that 
more precise information has been given for the reference area contributing to good 
estimations compared to the rough approximations used in calculating the results for 
DAWASA’s total area (see section 3.3.1). Since the results calculated for DAWASA’s total 
area only present a rough estimation of the impact a remote-controlled system could have, its 
purpose is only to give an overview of the situation.  

3.1  DAWASA’s  current  manual  operation  of  valves  

3.1.2  Time  aspects    
Presented in Table 1 below is how many valves that currently require some of the different 
time intervals to be opened or closed in the reference area, as well as time required to travel to 
the site. The valves are operated on if a reparation is needed in a nearby pipe or if the pressure 
has to be changed in the pipe system. The table below presents the time it takes to manually 
operate the valves and divide them into four intervals. Starting with those that take less than 30 
minutes, continuing with 30 minutes to 1 hour, after that 1 to 2 hours and finally more than 2 
hours. However, it rarely takes more than 3 hours to open or close a valve. Figure 3 and 4 
present one type of manual valves that takes approximately 25 minutes to operate. Additionally, 
the table shows the number of valves and time intervals for the technicians to travel to the site 
where the valve needs to be manually operated. Some of the valves can be reached quickly by 
foot and other more remote locations requires transport by car which further have an impact on 
the environment with carbon dioxide emission. However, the average distance to a valve is 
approximately 10 km and the most remote locations take the technicians less than 3 hours to 
travel to.  

Table  1.  Number  of  valves  with  required  time  to  open  or  close  and  travel  to  the  site  

Activity < 30 min < 30 min 1-2 h > 2h 

Open or close 100 20 2 2 

Travel 86 8 15 15 

 



 

 
Figure  3.  The  valve  door  to  one  of  DAWASA’s  pipes  

Most of the valves presented in Table 1 are in general rarely operated more than 1-2 times 
every month, and also do not need any additional maintenance than the one they get after being 
operated on. The general distances to the valves and the usage of the valves can further be 
moderately compared with the remaining valves outside the reference area. However, the 
valves outside this area are often smaller but do not take as long time to operate. For the 
reference area with 52 km of pipes, approximately 335 hours per month are spent on travelling 
and manually operating the valves. Compared to DAWASA’s total coverage with 7000 km of 
pipes and with the pipe size taken into consideration (generally half the size compared to the 
reference area), approximately 42 000 hours per month is spent on travelling and manually 
operating the valves. However, this number is not fully reliable since the exact number and 
locations of the valves outside the reference area have not been found. The approximated 
number should therefore only be used as a rough overview of the remote system’s effect on 
DAWASA’s total coverage. 

3.1.2  Economic  aspects  
The valves are operated by 1-3 technicians depending on size, where the bigger valves take 
more time since they demand more manpower and time. The valves that take less than 30 
minutes usually only requires 1 technician, whereas 2 people are needed for the ones which 
take between 30-120 minutes to operate, and over 2 hours usually 3 people are demanded. For 
these technicians who are controlling the valves the monthly salary usually reaches 700 U.S. 
dollar per month. However, the technicians and engineers commonly live inside the DAWASA 
area and are required to be available for on call duty all day but generally work 8-12 hours per 
day and 6-7 days per week. The following Table 2 presents the accumulated labour costs for 



 

the mean number of workers required for the operations of the valves for the reference area and 
DAWASA’s area. 

Table  2.  Amount  of  labour  costs  for  manually  operating  the  valves  presented  in  U.S.  dollar  
per  month  

Reference area  

 (52 km), U.S. 
dollar/month 

DAWASA’s total coverage  

(7000 km), U.S. dollar/month 

1018  128 000 

 

On the other hand, the costs are not entirely from labour costs. According to DAWASA 40% 
of the water pumped from their treatment plants is lost by physical and commercial losses and 
by which 44% is due to pipe leakages. DAWASA distributes between 500 000 m3 and 700 000 
m3 of water each day, which gives the average loss of water to 105 600 m3 per day for 
DAWASA and approximately 785 m3 per day in the reference area only due to pipe leakages. 
The leakages do not only contribute to water losses but are according to the contacts at CoICT 
and their interview (see Appendix 4) also a cause of waterborne diseases, destructions of roads 
and aggravation of tap pressure for the customers. Commonly, the leakages occur more 
frequent in the rural parts of Dar es Salaam since they often are badly maintained and in bad 
conditions according to the observations made from the collaboration partners at CoICT. These 
three costs are not direct expenses for DAWASA but causes a bad reputation and unsatisfied 
customers which further affects DAWASA with possible losses of customers. If the time to 
respond to reported leakages could be reduced or if the amount of lost water could also see a 
reduction.  

3.2  Remote-controlled  valves  

3.2.1  Time  aspects  
A solution with remote-controlled valves would cut out the time consumed to travel to the site 
where the valves are. The system could be installed on most valves with reasonable size but it 
is most beneficial if it was installed on remote located valves or valves that are harder to 
open/close. However, as the wheel that opens and closes it will rotate at around the same speed, 
the time consumed for the operations on the valves will be unchanged. Additional time 
consumption for maintenance of the new system are not necessary since the system is quite 
maintenance free and could easily be done simultaneously as the valves obtain maintenance. 
In Table 3 it is presented the amount of hours reduced per month and the time saved in 
percentage if the designed system would be installed.   



 

Table  3.    Reduction  in  labour  hours  for  remotely  operating  the  valves  for  the  reference  area  
and  DAWASA’s  total  area  

Reduction in hours per 
month, reference area 

Reduction in 
percentage 

Reduction in hours per 
month, DAWASA’s area 

Reduction in 
percentage 

287 85.7  37 000 89.7 

 

Figure  4.The  manual  operated  mechanism  to  open  and  close  the  valve,  which  will  become  
remotely-controlled  

3.2.2  Economic  aspects  
With a time reduction of 85.7 % the economic labour cost would be reduced significantly, as 
shown in Table 4. This gives DAWASA more resources and manpower to be available to solve 
important issues that affect the customers and also Dar es Salaam in large.  

Table  4.  Reduction  of  economic  cost  per  month  presented  in  U.S.  dollar  

Reduction of economic 
cost per month, reference 
area 

Reduction of economic 
cost per month, 
DAWASA’s area 

897 117 000 

 

The elimination of traveling time to the valves also contributes to a faster way of shutting the 
water off when a leak appears. Normally a leak is reported and fixed 2 times every day solely 
inside the reference area. When a leak appears it is first reported to DAWASA who 
subsequently locates the leak, shuts off the closest valve and lastly repairs the leak. Because of 



 

the many reported leakages many pipes can stand unfixed for weeks according to local citizens, 
but should not according to DAWASA take longer than 6 hours. Table 5 presents an estimation 
of how much water that could be saved directly if the remote-controlled system were to be used 
and therefore eliminate the traveling time to the valves. 

Table  5.  Estimation  of  reduction  of  water  losses  if  remote-controlled  valves  are  used  

Reduction in water loss 
m3/day, reference area 

Reduction in water loss 
m3/day, DAWASA’s area 

Reduction in 
percentage 

46.1 6210 5.90 

 

However, some additional costs need to be added for the construction and installation of the 
system. The costs of the different parts for the system is affected by which solution that is 
selected and the costs also differ if reused parts or new parts are used. Therefore, it is presented 
below in Table 6 the different costs of the selected parts and also the costs of producing and 
installing the system. The parts presented below have further been calculated (see section 3.3.1 
and 3.3.2) to be sufficient and powerful enough to power the system. All prices except the 
software products have been received from the market of Kariakoo (see Figure 5).  



 

Table  6.  Presentation  of  costs  required  for  the  remote-controlled  system  

Components   Cost in U.S. dollar 

Battery (12 V, 26 Ah, rechargeable) 27.8 

Solar panel (30 watts, area 0.2 m2) 25.6 

New DC motor (110 watts, 12 V) 64.1 

Used DC motor (110 watts, 12 V) 38.5 

Two new gear wheels (108 mm outside 
diameter, steel) 

77.0 

Two used gear wheels (108 mm outside 
diameter, steel) 

12.8 

Control room system (MAX232-UART 
microcontroller, power supply, jumpers 
and cables) 

24.3 

Receiving control system (Xbee module, 
MAX232-UART microcontroller, PCB, 
jumpers and cables ) 

96.7 

Total cost per unit (new equipment) 291  

Total cost for the reference area  

(new equipment) 

36100 



 

Figure  5.  Picture  of  the  second-hand  market  in  Kariakoo  where  motor  and  gear  wheels  were  
bought  

3.2.3  The  sustainability  of  the  system  

The valves that are in use today in DAWASA are of different age, for the reference area in 
special the valves are according to the interviews (see appendix 1 and 2) from 1988, 2004 or 
2012. The life expectancy for a standard valve is around 25 years if used correctly, which means 
that most of the valves that are in use today have reached their life span and should be changed. 
For the remote-controlled system different parts have different life expectancy in the tropical 
climate of Dar es Salaam. The main parts for the system requires an electric motor, gear wheels, 
a solar panel, a battery and a software system. These components do not need much 
maintenance but do have a shorter life expectancy than the valves.  

The low usage frequency of the system means that most parts can expand their standard life 
expectancy. The battery is expected to be used for at least 7 years until it needs to be changed 
and has the shortest life span of all the components. For a low usage of the DC motor it is 
expected to work for over 25 years, which is the same life span for the solar panel. This is, 
however, if they do not corrode in the humid and warm climate, which is possible even if 
properly stored. Both the gear wheels and the microcontroller can with ease be expected to 
work for over 50 years.  

3.2.4  Alternatives  for  remote-controlled  valves  
To remotely operate a valve with a motor through an electric power source is not in any way a 
new solution. A number of different manufacturers have modern versions of that kind on the 
market today. There are also the alternatives to use pneumatic (air or other gas) or hydraulic as 
power sources. All these are very dependable and powerful to use, although relatively 



 

expensive to acquire. For the actuator the price ranges between 4000-5500 U.S. dollar, and if 
the valve also needs to be replaced an additional cost of 1000-20000 U.S. dollar will be added. 
As the system might be expensive, the lifespan of a new valve exceeds 25 years. 

Another modification on the proposed solution is to have a battery that is not charged by solar 
power. Since the motor is not used regularly a battery with higher capacity could be used and 
still last for a long time before an exchange is needed. However, the batteries’ self leakage need 
to be taken in consideration for this solution. If the batteries are rechargeable it does not require 
that a new battery is bought, as a fully charged extra battery can be swapped with the empty 
one that recharges. The costs of these rechargeable and larger 150 Ah batteries ranges between 
65-140 U.S. dollar depending on the model and complexity. 

3.3.1  Calculations  for  results  and  designing  the  prototype  
Calculations were needed in order to find the most suitable parts for the system, and they were 
also needed for calculating the different costs to power the already existing system and the 
remote powered system. For this, the information from the field samplings at DAWASA 
university area was needed since they were directly linked to the specifications of the motor 
and the dimensions to the parts included in the system. However, the calculations for the motor 
specifics were calculated roughly since the custom-made motors were expensive and would 
not be suitable for this application. Therefore, the calculations for the motors were only to show 
what the smallest theoretical torque the motor would have to manage. The required torque T 
was calculated by 

 𝑇𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑 = 𝐹𝑎𝑝𝑝𝑙𝑖𝑒𝑑 · 𝑑 (1) 

where F is the applied force and d is the length of the moment arm. From the measurements at 
DAWASA the applied force was measured to 10 N from the distance 30.5 cm whereas the shaft 
added 9 N from its own weight from the distance 15 cm. The torque to twist the axis need to 
overcome at least 4.4 Nm. After that, an approximation of the required power P was calculated 
by 

 𝑃 = /⋅12⋅3
45

    (2) 

where 𝑛 is the number of rotations per minute. The torque T was 4.4 Nm, the number of 
rotations per minute n was set to 60 rpm and the power P could be calculated to 27.6 W.  

Additionally, the minimum battery capacity required was calculated by first obtaining the 
current I with the equation 

 𝐼 = 89:;:<
=

 (3) 

where U is the battery’s voltage and Pmotor is the motor’s power. With a voltage U of 12 V and 
power Pmotor of 110 W, the current I was calculated to 9.17 A. Secondly, the required size of 
the battery Q was calculated by 

 𝑄𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑 = 𝐼 ⋅ ℎ (4) 



 

where h is the amount of hours the battery is used. With a current of 9.17 A and an estimated 
value of maximum 2 h that the battery is used before being recharged, the required battery 
capacity was calculated to 18.3 Ah.  

For calculating the total amount of time used by DAWASA to operate and travelling to the 
valves some approximation about the data given by DAWASA was necessary. The total time 
spent inside the reference area was calculated by taking the mean values between every time 
interval and then multiply it by 1.5 (the mean number of times the valves are used per month). 
Further, the same method was applied for calculating the time spent for DAWASA in large. 
However, for this application the valves dimensions had to be taken in consideration since they 
are considerably smaller compared to the ones inside the reference area. For example, the 
interval 60-120 minutes was applied in the calculations for the reference area by using the mean 
value 90 minutes, but for calculating for DAWASA in large the value 75 minutes was used 
instead. These procedures were used for calculating the results presented in Table 2 and 3.  

3.3.2  The  prototype  
The prototype was constructed in order to visualize the function of the solution, prove its 
potential and to calculate the cost of the whole system. Subsequently, the prototype included a 
mechanical construction behind the valve operation, a design to remote-control the motor and 
a model of a dashboard to display the status of the valves and the pipes. The different parts 
were designed by students from CoICT and KTH, whereas the students from KTH focused on 
the mechanics behind the system and the CoICT students on the software to remote-controlling 
a motor or the dashboard displaying pipe pressure and valve status. To make the collaboration 
work several meetings and discussions were conducted together in order to create a functional 
system. This report has a focus on the mechanics and to remote-control the motor, which 
therefore will be further explained.  

In order to design a prototype (see Figure 6) powerful enough to be able to operate the valves, 
equation 1 and 2 was needed. This was because a motor with a momentum below 4.4 Nm 
would not be able to operate the valves. It was furthermore important for the motor to be 
inexpensive, require low maintenance and have a rotation per minute (RPM) speed similar to 
the speed the manual valves were operated with. Additionally, it was necessary that the motor 
was electric and 12 Volt in order to function with the remote-controlled software without extra 
costs. A suitable motor for the system and the motor used in the prototype was a 12 Volts and 
110 watts DC motor with a built in worm gear to reduce its RPM. The motor in the prototype 
was an old windshield-wiper motor for cars which fulfilled all of the necessary requirements. 
Subsequently, from the specification of the motor together with the calculations from equation 
3 and 4 a battery with suitable specification was selected.  



 

 
Figure  6.  Picture  of  the  mechanical  parts  of  the  prototype  

Before constructing the prototype, a model of the prototype was made with SolidWorks, which 
is a Computer-aided Design (CAD) program. From the model as seen in Figure 6, some 
external mechanical parts from the DC motor and the gear wheels needed to be produced which 
was made with help from the workshop workers at CoET. These parts could subsequently be 
put together with the DC motor and the gear wheels to a functional system. The hardware to 
make the system remote-controlled was produced by the student Lucas Kambei at CoICT, 
which could be assembled with the mechanical system in order to create a full prototype of a 
remote-controlled valve. For the hardware the Microcontroller PIC was used for the remote 
system and the controlling system. Both systems used Xbee communication modules in order 
to sending and receiving information for the motor over air. The system was controlled by a 
computer, which sends commands to the Microcontroller which later is sent to the remote valve 
through wireless radio communication (see Figure 7).  

Figure  7.  Illustration  of  the  remote-controlled  system     



 

4.  Discussion    

4.1  Summary  of  results  
What can be seen from the result section is that a remote-controlled system implicated 
numerous advantages compared to the current system. The advantages are mainly related to 
the reduction in time to travel to the valves, which would further decrease several costs for 
DAWASA. The designed system is furthermore a more affordable and feasible solution 
compared to other alternatives for the operation of the water valves. Installing the system would 
help to decrease the time for a valve to be fully operated with 85.7% and save approximately 
900 U.S. dollar per month in the reference area by itself, which would make more resources 
available. The resources would further help to improve the current water distribution system 
and provide the citizens with reliable and clean water. In addition, the numerous water related 
problems such as water borne diseases and destruction of roads which exist today (see Appendix 
4 and private communication) could be decreased since pipe leakages and other reported 
problems could be managed more efficiently. However, the maintenance and installation of the 
system requires additional resources and funding, but the system would still result in a more 
effective, sustainable and economical feasible solution for handling and managing the outdated 
valves. 

4.2  Discussion  of  results  
The current solution for operating the valves requires a significant amount of resources and 
creates water related problems for both the citizens of Dar es Salaam and for DAWASA. Many 
of the problems can be partly related to the slow process of traveling to the valves and opening 
and closing them since they cannot be operated on time. The long operational process leads to 
pressure imbalance inside the pipes, creating either cracks or insufficient pressure in the 
customers’ taps. This can further lead to water losses through burst pipes and also dissatisfied 
customers. Creating a remote-controlled system would significantly decrease the travelling 
time, that consequently contributes to more resources available for DAWASA. This could help 
solving customers’ complaints and upcoming issues for DAWASA.  

Burst pipes can usually take, as stated in section 3.2.2, a couple of weeks to get fixed, but 
according to DAWASA it should take less than 6 hours to repair a leakage. The cause behind 
this difference could answered by that the numbers presented on report often differs from what 
can be collected from the reality (Smiley 2013). Another reason behind this time difference 
could be because of that the number of leakages are too many and with the far distances to the 
valves the time to repair the leakages quickly enough is not possible. For the presented solution, 
the time to repair a leak would not be improved, however, it would reduce the water leakage 
significantly since the traveling time would be eliminated and save up to 6210 m3 of water per 
day for DAWASA.  

There are more factors behind the leakages that, if solved, also could reduce the water losses 
drastically. Reducing the water losses through leakages with this system would reduce many 



 

problems that comes with it such as spread of Malaria, waterborne diseases, destructions of 
roads and aggravating tap pressure for the customers. For example, from the interview the 
collaboration partners from CoICT conducted improper placements of the pipes, fragile pipes, 
old pipes and lack of supervision of DAWASA’s pipes. These are just some factors that create 
damages and consequently possible leakages to the pipes. Additionally, some leakages and 
water theft from DAWASA occurs because of the unreliable water DAWASA supplies and 
could be reduced if the tap pressure would be improved (Kjellén 2008). Reducing the travelling 
time via the remote-controlled system would help to improve the current situation with 
leakages and unreliable tap pressure, since the water flow could be managed more efficiently.  

Furthermore, the time and the economic costs that the existing valves require demand too many 
resources that could be put in better use. If the remote-controlled system were to be installed 
the travel costs and time aspects could be reduced (see Table 3 and 4). An increase in economic 
resources is truly needed for DAWASA and Dar es Salaam in order to be able to expand their 
pipe network and meet the future water demand the rapid population growth will require. 
Because as it is today only 418 000 m3 of water can be produced per day whereas 535 000 m3 

is demanded, (Smiley 2016) and over 1 000 000 m3 will be demanded by 2032 according to 
DAWASA. An expansion would especially be necessary in suburban areas since they are the 
most affected by water scarcity (Mapunda, Chen, and Yu 2018).  

The new resources could also come to use by improving the already existing network and 
creating a more reliable source of water for the city’s inhabitants. Because according to 
interviews conducted by CoICT students, citizens in Dar es Salaam can often be without water 
for days and furthermore in the region Temeke 98% did not have access to water every day 
(Rugemalila and Gibbs 2015). On the other side, only improving one of the many problems 
DAWASA and Dar es Salaam stands in front as explained in section 1.1.3 and 1.1.4 will not 
be enough. Some business, however, relies on the water distribution deficiency such as the 
water vending business which would be highly affected by an improved pipe and distribution 
network from DAWASA (Kjellén 2000). Nevertheless, improving the current system would 
still be an important step in the right direction, and that could speed up the process to solve 
today's and upcoming problems.  

Whether the presented and designed solution is the optimal system or not can be discussed. As 
seen in the results section the installation of the system can be quite expensive and need a great 
amount of time to be installed and operational. Furthermore, the life expectancy of 7 years for 
the system in tropical climate can be reduced significantly and compared to other solutions, 
like installing a new valve, the remote-controlled system does not have the longest lifespan. 
However, the presented solution is within DAWASA’s budget and is considerably cheaper than 
installing new valves or actuators. Because as it is today, DAWASA has restricted funds and 
difficulties to invest as a result of loss of customers and revenues, which leaves them in a 
stagnation cycle with an inability to invest enough to meet the demands (Kjellén 2008). An 
economically feasible solution is required by DAWASA and although other solutions might be 
more superior, the presented solution is in a possible price range and brings many 
improvements to today’s system.  



 

4.2.1  Problems  with  the  remote-controlled  valve  
If the system would be suitable for DAWASA it would take time to fund the project and time 
to install the system on all of the thousands of valves DAWASA controls. In addition, it would 
need additional time and money to instruct the technicians about the new system, how to 
operate it and further understand how to repair it. However, the solution is not seen as 
something that could be done overnight, but instead step by step and which subsequently could 
eliminate most of the travels to the valves. Thus, it would take time to install the system but it 
is necessary to understand how much time and water that could be saved if the system is to be 
used. Additionally, the construction and installation of the system are sourced locally which 
indirectly benefits the local economy.  

It is also possible that the presented solutions are not suitable for DAWASA. As DAWASA 
has instructed, they would only use new parts for the system and not build it with reused 
mechanical parts as suggested in the solution in order to promote the local business and have 
less impact on the environment. By using new parts instead of reused would create extra 
expenses and further not support the local business in Tanzania since they most likely would 
be imported from cheaper foreign countries. In order to have less impact on the environment 
and promote the economic development in Tanzania it is important to use the local business 
and not rely on foreign countries since that would not benefit the local economy. Therefore, 
most of the research have relied on local business and mainly reused parts, and not the products 
foreign countries offer. Furthermore, numerous external workers will be needed for the 
installation of the system and if they are employed from the local community it can contribute 
even further to the local businesses and the overall employment rate.  

Apart from a short installation time and being cost effective to install, it is also important that 
the system will have a long life span. It is not a feasible solution if the parts and the system 
cannot sustain their function in the tropical climate of Dar es Salaam. Because of the humid 
climate many products corrode earlier than expected and for that reason it is important that the 
system is to some extent waterproof in order to withstand saline water ingress. It has been 
accounted for that the system must be able to withstand the tough climate and chosen products 
thereafter, but because of the humidity and the heat the life expectancy is still reduced 
compared from the normal standards of 7 years. The system should in prevention of corrosion 
and rust be looked over and maintained when the valves are under maintenance in order to 
prevent any system failure. However, the design of the system is made to be fairly maintenance 
free since few and in somewhat maintenance free parts are used.  

Another important requirement of the system is to be able to be easily fixed when any 
complication occurs. This is a problem for the remote-controlled system since electrical motors 
are not easily repaired if not a competent technician is available. To find a technician can 
usually be a problem as observed at a field study at DAWASA university area where a few 
motors have already been installed but been non-functioning for weeks. However, the design 
for the system is made so every part is cheap to change and can be removed or repaired without 
much effort, unlike the existing motors at DAWASA. Additionally, the DC motor in the design 
are expected to be functional for thousands of hours. The valves expected life span should 
furthermore also be taken in consideration and compared with the remote-controlled system 



 

before the system can be installed. This is because the valves are reaching their life expectancy 
and should be able to function at least as long as the remote-controlled system does since a new 
valve otherwise could be a better solution.  

It can also be questioned how much of an environmental impact a the presented system has. 
Producing electrical motors, solar panels and especially batteries requires a considerable 
amount of resources and energy, and are usually not environmentally friendly to produce. In 
that case it could be questioned if a petrol engine with a small start up battery is a better 
alternative for the environment since the big battery and the solar panel would not be needed. 
Because of the low usage of the motor for the system, the petrol engines would not emit a great 
amount of pollution. However, the pollution will still be an issue in both cases. Further 
solutions that could reduce the environmental impact of the system is to utilize reused parts for 
some of the components, such as the solar panel, motor and gear wheels. This would not impair 
the life expectancy significantly since it still is the battery who most likely will experience 
failure first. On the other hand, DAWASA is as explained above most likely not to utilize 
reused parts even if it can lower the costs and the environmental impact.   

Issues with theft and other human complications are also important to take in consideration. 
Some of the complications have been observed on the field studies (see section 2.2) and 
discussed together with DAWASA that many people take advantage of poorly protected 
systems by either stealing or using the system without without the owner’s knowledge. This is 
a widely spread problem in Dar es Salaam which consequently requires many systems to be 
guarded or caged in like the picture below presents (see Figure 8). However, while a more 
protected system implicates to further expenses most valves are already in some way guarded 
or protected by DAWASA and would therefore not need additional protection. 

  
Figure  8.  Picture  of  a  caged  in  system,  similar  to  what  DAWASA  uses  for  preventing  theft  



 

4.2.2  Other  solutions  
DAWASA has been aware that there are already existing products to buy that would solve their 
need for remote-controlled valves. Valve actuators, motor driven valve operators that can be 
controlled remotely with the more advanced models, are possible for them to obtain. During 
the field trip to DAWASA’s different treatment plants four valve actuators were seen on their 
pipes, although they could not be controlled remotely. Apparently the company has chosen to 
invest in these devices on at least four occasions. However, since the vast number of valves 
would require a significantly big economic investment to buy and install valve actuators on 
them, it is hard to see it as an economically sustainable solution for DAWASA. As this report 
focuses on finding an as affordable solution as possible, to buy new valve actuators on the 
market was not seen as the best alternative. On the other hand, some of the valves are becoming 
outdated and need replacements, which means that an investment in new valves with actuators 
could be considered in the future.   

One way to reduce the initial cost of the proposed solution could be to not have it solar powered. 
Instead the motor would just run on a rechargeable battery which is swapped with a fully 
charged one once it is empty. A method like that would however require some kind of 
monitoring to know when the battery is low and for someone to travel to the site where the 
exchange is needed. For places where the solar cells would have difficulties to get energy this 
could be a suitable solution, otherwise a battery charged with solar power is a more sustainable 
solution. The possibility of just having an electric power line going to the motor without a 
battery has also been examined. In some places that would not require much work for an 
electrician to draw the electric cables, and it would be more environmental friendly compared 
to using a battery. However, the very unreliable electrical network in Dar es Salaam means 
power cuts occur frequently and a battery would still be necessary. Therefore, a solution which 
is detached from the electrical network is to be preferred.  

4.3  Limitations  and  strengths  
The report is limited by how many valves that could be studied and measured, therefore a 
standard valve of DAWASA´s recommendation was used as an example and that some of the 
results and the prototype were calculated after. Also, the numbers of valves presented in the 
tables, the length of the pipes and the valves’ data are not precise since the exact facts are 
unknown for DAWASA. For these reasons, the results presented are not exact but can 
demonstrate a good approximation of the situation, especially inside the reference area. The 
actual model could not be fully tested at DAWASA since that would disturb the water flow. 
For that reason, the prototype has only been tested without an actual valve and cannot for that 
reason be proved to be fully functioning. 

Furthermore, it can be seen as a strength that the report contains a broad collection of 
information provided from different sources. The contained data have consequently been able 
to be compared against each other which creates a more reliable source of information. 
Because, the information presented in the report has been collected and compared from 
interviews with a DAWASA engineer and interviews with local citizens in different 
neighbourhoods, surveys and from contact with university professors and shop owners. 



 

Additionally, the report includes a project and collaboration between different universities, 
schools and cultures, which provides the report with a broader perspective and an even deeper 
insight on the problems and feasible solutions.  

4.4  Methodological  aspects  
The information given by DAWASA and the one obtained from the discussions, field studies 
or interviews varies largely. According to DAWASA, a leak is usually repaired after 6 hours 
after it has been reported. However, interviews collected from the collaboration partners at 
CoICT and personal experiences suggests that the time to repair a leak can take far longer than 
1 week. This issue has been acknowledged and discussed by students from CoICT and KTH. 
The information from DAWASA should therefore be questioned before it is put in use. 
However, the information from DAWASA has been compared by the one received from the 
local community in order to evaluate the information and create more reliable results.  

In order to obtain a more reliable information from DAWASA, several interviews with 
different DAWASA employees at different locations should have been conducted and 
compared against each other. Because of the limited accessibility to DAWASA facilities and 
employees, further interviews were not made. However, interviews were also conducted by 
CoICT students which provided additional necessary information for the report. It can also be 
questioned if the prices obtained from the markets of Kariakoo are reliable. The prices for items 
collected in this market are often negotiable and should be collected by someone familiar with 
the prices. This was not the case for the two last visits. Furthermore, it can be discussed if the 
prices from Kariakoo are the most favourable in the city or if different offers can be collected 
in other areas and markets.  

4.5  Future  work  
To fully evaluate how the system work it would be necessary to collect data from when it is in 
use. It would not be a necessity to install the system on all of DAWASA’s valves but by putting 
it in use on a couple of valves the system could easily be evaluated. Furthermore, it could also 
be compared against the current system and a more precise prediction of the future outcome 
could be assessed since the data from DAWASA is not always fully reliable (Smiley 2013). 
However, prior to fully test the system a better access to DAWASA’s valves is important to 
obtain since the report have in some ways been limited to the possibilities to access the valves 
and test the remote-controlled system. If the system could be tested it could also be studied 
how the presented predictions and results turn out to be either true or not, and why they would 
not turn out to be true.  

It would also be important to follow through the whole installation process in order to see how 
the community profits from the installation process and how they profit when the system is in 
use. If the system could be installed and tested, it would further be important so see how it can 
work together with a system which displays pipe pressure and valve status. Because it is of 
major importance that the remote-controlled valves can be efficiently controlled and managed. 
For future work, improving such a control system for the valves that displays pipe pressure, 



 

valve status and water flow would be necessary to be able to supervisor and manage the valves 
and pipes more efficiently.  

If DAWASA accept the system and decides to use it, an interesting project would include to 
build a business model for these kind of applications. Because Dar es Salaam is not the only 
city in the world facing water related problems, and since many countries cannot afford modern 
valves, the system could be relevant in many countries. Starting a business that would not only 
help the water distributor in the city but also taking advantage of the city's local resources 
would help to build up a better water system and help the local community. However, to apply 
the same model as in Dar es Salaam could be difficult since it requires that local manufacturers 
are used, which is not sure local water distribution authorities similar to DAWASA are willing 
to do. Further, using the local manufacturers could also include hardships finding enough local 
resources to construct the system.  

4.6  Conclusions  

The existing solution for operating the valves leads to problems for DAWASA and the 
community in Dar es Salaam. Water leakages occur frequently in Dar es Salaam, which 
noticeably affect the citizens in the forms of an increased risk of becoming infected with 
waterborne diseases and malaria, as well as destruction of roads (see Appendix 4 and private 
communication). It can take days for a leakage to be repaired, which leads to frustration towards 
DAWASA from those affected. DAWASA states that they have problems with the existing 
system to detect pipe leakages, repairing them and pressure imbalances in the pipes. 
Furthermore, many of the valves today are outdated and need to be changed. New valves will 
therefore be necessary, but because of their price it will not be possible in the near future.  

While comparing manually and remote-controlled valves efficiency and effect of the water 
availability multiple differences could be distinguished. By installing remote-controlled valves, 
the necessity for the technicians to travel to the valves would be eliminated, and as a result of 
that DAWASA would reduce the total time for the valves to be opened and closed with 89.7 % 
in their area. Consequently, human and economic resources could be used elsewhere. For 
instance, to expand the pipe network to rural areas, short down the response time for customers’ 
complaints and improve the existing pipe network could become more of a focus instead. 
Additionally, as a result of implementing a system with remote-controlled valves, the high 
amount of water losses could be decreased slightly (5.9%), leading to a decreased risk of water 
related diseases, floods and destructed roads (see Appendix 4 and private communication). 
Since the clients’ perception of DAWASA today is not entirely positive, to make an investment 
and implement a system that is remote-controlled could by extension lead to improving the 
public’s image of the company since more resources could be laid on the customers instead.  

For the case of hardships with the installation and maintenance of the system with remote-
controlled valves various aspects were studied and brought to light. The vast number of valves 
means it could take a significant long time for the installation to be entirely completed, 
depending on DAWASA’s priorities for their resources. Also, employees with the required 
knowledge has to be found, which could further delay the process. Consideration was taken 



 

about how easily the different components could be assembled and installed, and as a result, 
the level of expertise of the installers could be relatively low. Furthermore, maintenances on 
the valves are usually performed once a month, which means the maintenance on the system 
could be performed simultaneously. It was also found that this system is more affordable and 
less complicated to install compared to other analysed solutions. However, for a more long-
term perspective modern valves could be more beneficial because of their functionality and 
durability, but it would require substantial funding.  

Finally, it was observed that the presented system is a more sustainable solution than the one 
used today. It is so in the sense that resources of money and time can be saved, the risk of 
diseases and floods can be reduced and it is affordable compared to already existing products. 
Since the battery is charged by solar power and the motor is electric, the environmental impact 
during operation is negligible. Although the impact from the production of all the components 
should not be overlooked, it is significantly less than other solutions. Additionally, the national 
economy could be benefited if the systems parts are produced locally. Although a system with 
remote-controlled valves with the proposed design could be a step in the right direction, it is 
not possible to see all of the consequences of implementing it. Therefore, further evaluations 
should be done to obtain more accurate results and conclusions.   
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7.  Appendix    

Appendix  1.  Interview  1  
Tyson Mkindi 03/02/2019, DAWASA university area. 

Questions  

1.   Question: How long does it normally take to open and close the valves?  

-   Answer:  It  depends  on  the  size  but  usually  20  minutes  up  to  3  hours.  3  hours  
is  only  for  the  biggest  valves.      

2.   Question: How long does it normally take for a technician to travel to the site after an 
error has been reported?  

-   Answer:  Between  5  minutes  and  3  hours.    

3.   Question: How much water is leaked because of that the valves can’t be opened and 
closed instantly with a remote system?  

-   Answer:  Do  not  know,  but  it  can  be  calculated.    

4.   Question: How big is the economic cost when a leak occurs? 

- Answer: Do not know, but it can be calculated. 

5.   Question: What events happen after the moment a leak is reported until that it is fixed 
and the water supply is normal again?  

-   Answer:   When   a   leak   appears   it   is   first   reported   to   DAWASA   who  
subsequently  is  locating  the  leak,  shuts  of  the  closest  valve  and  lastely  repairs  
the  leak.  

6.   Question: Who are the persons who operates the valves and how much are they paid?  

-   Answer:  Technicians,  around  700  U.S.  dollar  per  month.    

7.   Question: How often is there too much/too little pressure in the pipes? 

-     Answer:  -  

8.   Question: How is the pressure put back to normal when that occurs?  

-   Answer:  We  open  or  close  one  of  the  bigger  distribution  valves.  

9.   Question: How can electric cables be connected to the valves?  

-   Answer:  Electric  cables  are  hard  to  connect  to  all  of  the  valves  since  they  are  
too  remote.      

10.  Question: How big is the budget for a remote-controlled valve?  

-   Answer:  We  have  a  budget  from  Feb-  June  of  50  000  U.S.  dollar.    

11.  Question: How much maintenance is the current system demanding?  

-   Answer:  Every  valve  needs  maintenance  1  time  a  month.  



 

12.  Question: How old are today’s valves?  

-   Answer:  The  valves  are  from  1988,  2004  or  2012.  

13.  Question: How many and how often are the valves needed to be operated?  

-   Answer:  1-2  times  per  month.    

14.  Question: What other solutions have been looked at and why have they not been 
chosen?  

-   Answer:   No   other   solution,   it   takes   to   much   time   to   replace   the   valve,  
expensive  and  if  they  still  work  why  should  we  change  them.    

15.  Question: How long does it noramlly take to fix a reported leak?  

-   Answer:  Normally  it  does  not  take  more  than  6  hours  after  a  leak  have  been  
reported.  

16.  Question: How much force is needed to rotate the wheel at the valves?  

-   Answer:  Depends  on  the  valves.    

17.  Question: Why did the motors at the biggest valves stop to work and why haven’t they 
been repaired?  

-   Answer:  We  will  fix  them  but  it  takes  time.     



 

Appendix  2.  Interview  2  
Tyson Mkindi 20/03/2019, DAWASA university area. 

Questions  

1.   Question: How many valves in your area takes approximately >2h, 1-2h, 0,5-1h, <30 
min to open/close? 

-   Answer:    >2h:  2  valves,  1-2h:  2  valves,  0,5-1h:  20  valves,  <30:  100  valves.  

2.   Question: How many valves in your area takes approximately >2h, 1-2h, 0,5-1h, <30 
min to travel to?  

-   Answer:  >2h:  15  valves,  1-2h:  15  valves,  0,5-1h:  8  valves,  <30:  86  valves.  

3.   Question: How many people needs to go to operate a valve in general?  

-   Answer:  1-3  persons  depending  on   the  size  of   the  valve.  Usually  1   for   the  
smallest  ones  and  3  people  for  the  largest.    

4.   Question: Are the other valves usually harder to twist than the one we measured on?  

-   Answer:  Only  a  few,  but  not  a  lot.    

5.   Question: What is the life expectancy for a standard valve?  

-   Answer:  The  standard  is  around  25  years,  but  depends  on  how  they  are  used.    

6.   Question: What is your region and ward called?  

-   Answer:  I  do  not  have  a  region  I  do  have  a  pipe  section  from  here  (DAWASA  
univeristy  area)  to  Bagamoyo.  Around  52  km.    

7.   Question: How much water does dawasa generate in total?  

-   Answer:  Between  7-500  000  cubic  meters  per  day  

8.   Question: How big is dawasas total piped area? 

-     Answer:  7000  km  

9.   Question: Compared to your area, do the other areas and wards have almost the same 
distances and working force, valves etc?  

-   Answer:  Yes,  but  I  do  control  the  largest  pipes  for  DAWASA  and  most  of  the  
African  east  coast.       



 

Appendix  3:  Interview  1  from  CoICT  students  
16-20/08/2018, users interview at Tabata and Segerea.  

 
  



 

Appendix  4:  Interview  2  from  CoICT  students  
16-20/08/2018, users interview at Mikocheni, Tabata and Changanyikeni. 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


