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Abstract

Let there be rain
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This bachelor thesis examines the pre-conditions for implementing a rain water 
harvesting system with additional purification on a school in a rural area of 
Cameroon. The villagers in this area are in general poor and lack basic access to 
water. The amount of rain in relation to the water need is thoroughly studied and 
two different UV purification are examined as potential systems for future use. The 
results showed that rain water harvesting is a suitable solution for the school if 
complemented by the further use of a natural spring nearby. The UV-systems are 
currently nearly non-existent on the Cameroonian market. 
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1. Important concepts and abbreviations 
ACOHOF  
Afoni Children of Hope Foundation 

EWB 
Engineers Without Borders 
 
FFS 
Family Farm School 

LRV 
Log removal value of pathogens. 
 
NGO  
Non-governmental organisation. A non-profit organisation that operates independently 
of governments, in this thesis, in collaboration with foreign aid.  

Pathogen 
An agent that causes disease, especially a virus or bacterium. 

PCU  
Power conditioning unit 
 
RWH 
Rain water harvesting 
 
SODIS 
Solar disinfection system 

SDG 
United Nations Sustainable Development Goals 
 
UVPS 
Ultraviolet purification system 
 
Waccess 
A water access project within Engineers Without Borders, Sweden 
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2. Introduction 
After the end of a long and extensive movement against colonization, most African 
countries declared independence in middle of the 20th century. The European control 
resulted in weak local economies due to exploitation of resources and cheap labour. The 
transition to a new era of independent African countries with economic growth and 
sustainable development has been slow and the remains from the colonial rulers are 
easily spotted. The west African nation Cameroon was colonialised by France and 
Britain and gained independency in 1961. The country has ever since had two regions, 
one French speaking and one English speaking who are both targeting to reduce poverty 
and increase economic stability and prosperity.  

Today, about 40% of the people in Cameroon are considered poor and are forced to live 
with an income less than three US dollars per day [16]. Those who live in the rural parts 
of the country are also part of the approximately 750 million people around the world 
that lack access to clean water. Every year millions, mostly children, get sick and die 
from water-borne diseases. In Cameroon, diseases like typhoid fever and bacterial 
diarrheal are wide spread and constitute a major national concern. Among the areas that 
lack water, some do have accessible water sources. However, those sources can be 
either far away or the water is contaminated. The United Nations 6th Sustainability 
Development Goal (SDG) aims to ensure availability and sustainable management of 
water and sanitation for all, and continuously work against forming a framework for 
integrated monitoring of water and sanitation [1].  

Since the independency, Cameroon has received foreign aid and Non-governmental 
organisations (NGO) helping people in disadvantaged communities are common and 
important contributors in the rural parts of the country. The NGO:s often work towards 
improved education, health, sanitation, water access etcetera and can be either locally 
established or temporary on site to help with specific projects. One of the NGO:s that 
have been operating in the English region in Cameroon is Engineers Without Borders 
(EWB) Sweden. The NGO has so far completed three projects that all have had 
sustainable engineering in common [3].  

This thesis is part of a more extensive project called Waccess, an EWB project which 
overall aim is to increase the water access in the village Tatum in Cameroon. The 
purpose of this thesis is to examine the preconditions for the intended water system that 
Waccess wish to implement on a school in Tatum. The more specific idea behind 
Waccess is to do a pilot project in constructing a rain water harvesting (RWH) system 
with an additional purification method. This to increase access and ensure that the water 
is safe to drink. However, there are some questions that need to be answered before the 
project can be realised, and that is what this thesis is intended to accomplish.  

2.1 Purpose 

The purpose of the thesis is to examine the preconditions for a RWH system with 
additional purification on a school in Tatum. This will be accomplished through 
modelling different potential solutions, a field study on site in Tatum and by literature 
studies. The ambition is to ensure that a RWH system is a suitable method for the 
Waccess project and provide a suggestion for a good purification method. The 
following research questions are to be answered: 
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§ What pre-conditions are essential when implementing a rain water harvesting 
system on the school in question?  

§ Are solar- and UV-C purification methods suitable solutions in addition to the 
water access system? 

2.2 Limitations and delimitations 

In order to provide an ideal solution for the school, several different water access 
systems and purification methods would need to be thoroughly examined. However, this 
thesis is limited to focus on RWH and purification by solar and UV-lamps. Other 
systems and methods are mentioned but not thoroughly examined since some of them 
already have been, or are to be, evaluated as options by other projects and preparatory 
work done within the Waccess project. In addition to this, the electricity supply and 
consumption at the school are briefly studied to see if UV-lamps could be a complement 
to the non-electrified water tank and the existing solar disinfection. Furthermore, the 
methods discussed in this thesis are limited to focus on the technological aspects. 
Cultural, social and economic aspects are mentioned but not thoroughly studied.  

2.3 Disposition 

This thesis begins with a background in section 3, presenting information necessary to 
understand the study. This is followed by a methodology in section 3 where methods, 
and data are presented. The results of the calculations and the field study are found in 
the result section followed by a sensitivity analysis. Results in relation to the sensitivity 
analysis are then reviewed in a discussion section which lastly leads to the conclusions 
in section 5, where the result of the thesis is opposed to the purpose and future scenarios 
and solutions are considered.  

3. Background 
In this section background information about the school in Cameroon and the Waccess 
project will be presented. The section begins with general information about the school 
(2.1) and the project (2.2). Thereafter information about water access systems (2.3 )and 
purification methods are presented, followed by a description of the electricity at the 
school (2.5). 

3.1 Tatum & ACOHOF Family Farm School 

Tatum is a rural village in the Northwest Province of Cameroon, with approximately 
15000 inhabitants. The Republic of Cameroon is located by the Gulf of Guinea. It is 
neighbouring; Nigeria to the west, Chad to the northeast, the Central African Republic 
to the east, and Equatorial Guinea, Gabon, and the Republic of the Congo to the south. 
Cameroon became independent in 1961 and now has relatively high social and political 
stability. This has permitted the development of agriculture, infrastructure and industry. 
Nevertheless, 40% of all Cameroonians live in poverty [2].  

The water access in the village Tatum in Cameroon is scarce during the annual dry 
periods. Tatum has a longer period with rainfall from March-October followed by a dry 
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season November-February. During the dry period, the existing small-scale water 
supplies empties after only a couple of weeks. When the supply runs out, water is 
collected from distant springs and open surface water. where the water is contaminated 
and cannot be viewed as safe to drink. Frequently, the water is unhygienic and causes 
waterborne diseases such as diarrheal disease and typhoid fever [12].  

Afoni Children of Hope Foundation (ACOHOF) is a NGO established in Cameroon 
2008 by Justin Afoni. Their stated goal in short is to improve the lives of 
underprivileged children by providing basic education, food, clothes and health care. 
The hope is that through the work ACOHOF is doing, such problems as rural exodus 
and falling into criminal careers will be reduced. Instead young boys and girls in the 
village will learn necessary skills and values so that they in the longer run will become 
valuable and upstanding citizens [13].  

3.2 Waccess – an Engineers Without Borders project  

Engineers Without Borders (EWB) Sweden is a NGO that strives to make long-term 
impact nationally and internationally in the work towards United Nations goals for 
sustainable development. The international projects within the organisation are set in 
low-income countries and involves energy, sanitation and water [3]. The Waccess 
project is a continuous collaboration with ACOHOF with the aim to improve the water 
access in Tatum by a pilot project at the ACOHOF Family Farm School (FFS). The 
target is for the solutions in the pilot project to be replicated and spread in the village so 
that more people in Tatum easily can access water that is safe to drink. Solving the 
water access and purification issue would not only save lives, it would also give time 
for especially women and children to do more meaningful work and go to school [10]. 

EWB has already completed three projects at the FFS in Tatum. The first project 
introduced a simple and effective way to purify small amounts of water. The second 
project involved setting up solar panels to make sure that the school has a steady and 
secure supply of electrical power. The third project involved setting up a simple 
computer lab to give the students and employees at the school new and improved ways 
to learn, teach and work [14].  

3.3 Water access 

There are different methods to increase water access. In Sweden, few people think about 
the source of the tap-water that we use on daily basis. The system behind the tap-water, 
is in fact relatively complex with electrified pump-work, filters, different stages of 
purification and much more. The most common methods to access water globally are 
the use of following in an unsorted order: 

• Tap water in the dwelling, yard or plot  
• Public stand-posts 
• Bore-holes 
• Protected wells and springs  
• Rainwater 
• Packaged and delivered water 
• Unprotected wells and springs (unimproved) 
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The methods above are improved sources, except for the last one. These are technical 
classifications used in the baselines of the national sustainability development goals. 
Surface water is the most unsafe water source to ingest and does not count as either 
improved or unimproved, it can rather be seen as below all standards. There is no 
method that is overall better than all others since it depends on where you implement it 
and the existing infrastructure at that area [4]. In Tatum, there is no developed modern 
infrastructure like the one we have in Sweden. Many households lack electricity and for 
those that can access electricity, the supply is unstable, expensive and limited. The 
following methods are given by the supervisor at the FFS when asked to list different 
methods for water access that he found suitable for the school: 

1) A pipe-borne water scheme with water supplied from a stream a few kilometres 
away with use of an electrical pump.  

2) Rain water harvesting with water harvested from roof to water tank.  
3) Bore holes made by drilling.  

Bore holes made by drilling could be eliminated from the list immediately since the cost 
of hiring a drilling machine, with everything that comes with it, is extremely expensive. 
Even if the school could receive donations from other sources in addition to the 
Waccess projects budget, the drilling would be a one-time event without any local 
knowledge for maintenance and impossible to replicate by other villagers in Tatum. 
Consequently, drilling would not meet the sustainability requirements and is therefore 
not a suitable method. A pipe-borne water scheme is likewise drilling, a project with a 
more extensive cost since the pipes would have to be several kilometres long and placed 
below ground. Similar pipe-line constructions can be found in other parts of Tatum, 
those are however installed above ground and according to previous volunteer workers, 
the pipes often break due to cows stepping on them, cars driving over them and so on.. 
Altogether, pipe-lines can be removed from the list of possible water access methods 
[12].  
 

3.3.1 Rain Water Harvesting 

Rain water harvesting (RWH) is a common method for accessing water in low-income 
countries. In areas that lack access to safe and reliable water RWH can be employed 
since it is a highly customizable technology. However, the method must be combined 
with sufficient precautions to prevent contamination from for example pathogens. RWH 
involves the collection of water from surfaces and subsequently storing the water in 
reservoirs for later use. The water is moved by a source of pressure that can either be 
gravity or pumps. A common technique of RWH is harvesting from roofs which will be 
the method discussed in this report. RWH-systems provides an independent water 
supply to a relative low cost and can serve a small household, a school or a community 
depending on scope and size. It is suitable in areas with a lot of rain, or with periods of 
heavy rain followed by dry periods and does not require electricity or material that is 
rare since the reservoirs can be constructed from various materials depending on what is 
accessible [5]. 
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3.3.2  Pre-conditions for RWH-system 

To decide whether or not a RWH-system is suitable for the FFS in Tatum. The 
following components need to be considered: 

1) Catchment surface – area where rain falls to be collected.  
2) Conveyance – transports the water from catchments to storage. 
3) Screens and First-flush – separates debris and diverts the first dirtiest water.  
4) Storage – holds the water for later use (above or below ground level). 
5) Purification – cleans the water.  
6) End use – Purpose of system.  

 
The catchment surface is important to determine as it affect the amount of water that 
can be collected. The area, angle, material and condition of the roof are key factors in 
addition to the amount of rain fallen per year. The conveyance, often gutters, 
downspouts or piping, leads the water from the catchment surface to the reservoir. To 
prevent clogging, mosquitos and sagging, conveyance need to be sloped in the water 
direction. Screens will help the system maintain clean by separating debris from the 
water. However, screens do not divert the pollution collected on the roof such as bird 
dropping, ash, air pollution etc. A first-flush system prevents pollution from entering the 
final reservoir by diverting the first portion of water away from the reservoir. The 
primary type of a First-flush system is the simple floating ball method showed in Figure 
1 below [5]. 
  

 

Figure 1. The First-flush principle, reprinted by permission [5]. 

The storage is a vital component in a well working RWH-system. Typical storage 
solutions are commercial tanks, plastic tanks and custom ferrocement (limestone, 
cement, sand etc.). When installing the storage component, it is important to consider 
suitable placement, pressure, size, weight, pest avoidance and vacuum prevention. The 
end use of the RWH-system is of great importance and needs to be clear before 
planning the physical components. What is the purpose of the system and what till the 
water be used for? It could be drinking, gardening, cleaning etc. The different 
applications demand dissimilar levels of disinfection and are correlated to how much 
water that can be harvested and the size of the final reservoir [5]. Purification methods 
of the rainwater are studied more thoroughly in the next section.  
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3.4 Purification of water 

According to the World Health Organisation (WHO) safe drinking water is defined as 
water that does not cause any significant health-risks over a life-time. The WHO 
guidelines are not a global standard and every nation is free to set its own standard. 
Different acceptable levels of risk can be defined from performance targets. A typical 
target in this context is the log reduction value (LRV) represents how contamination is 
reduced through treatment expressed in a logarithmic scale. If the water is as 
contaminated as before treatment, the LRV is zero and it can also be negative if the 
water increases in contamination. Another relevant concept when studying water 
treatment is turbidity. Turbidity involves the presence of suspended water particles and 
a simplified way to determine turbidity is whether the water is transparent or not. If the 
particles are large, they can be separated from the water by gravity, if they are small 
they will stay suspended [4]. In this thesis, a distinction between disinfection and 
purification of water is made. Disinfection involves the deactivation of some pathogenic 
microorganisms. Purification is more similar to sterilisation where all the 
microorganisms are killed and removed, both the harmless and the damaging. 
Furthermore, the E. Coli- and the Typhi-bacteria are most interesting since they are the 
most problematic source of water-borne diseases in Tatum such as diarrhea and Typhoid 
fever. 

Depending on use, water requires various degrees of purification. However, potable 
water generally requires some purification. The following are typical methods for water 
treatment: 

• Sedimentation – Through gravity or displacement of water.  
• Filtration – Synthetic membranes, Ceramic filters & Biological filtration. 
• Heat – Boiling or pasteurization. 
• Ultraviolet radiation – Through lamps or solar. 
• Chemical disinfection – Chlorine.   

In comparison to choosing a method for accessing water, purification can be 
accomplished by using several methods that complement each other [4]. As said earlier, 
this thesis is delimited to study Ultraviolet radiation as water treatment method. In short, 
sedimentation and boiling are basic method that does not require a deep analysis. 
Chlorine is highly effective, but it is an uncertain option since it might not be available 
in Tatum and require precautious use. Filtration is much easier to analyse on site in 
Tatum since it is partly dependent on what material that is available the surrounding 
area, both in stores and in the nature, such as biosand, biological Moringa seed, ceramic 
pots etc. Therefore, a deeper analysis of Ultraviolet is suitable for this thesis while other 
methods will be studied more thoroughly within the Waccess project.  

3.4.1 Ultraviolet Disinfection of Drinking Water  

Sunlight is a type of radiation along the wide electromagnetic spectrum where radiation 
is defined after its wavelength [6]. Ultraviolet (UV) light has a shorter wavelength (100-
400 nanometre) than visible light (400-700 nm). The UV can be further defined into 
subcategories where vacuum UV has the shortest wavelength, followed by UV-C with 
germicidal peak at 260 nm, and then the UV-B and UV-A. The light of 200-300 nm is 
absorbed by the DNA of microorganisms. The UV-photons then cause changes in the 
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DNA-structure and make microorganisms incapable of replicating and therefore unable 
to spread a disease i.e. it is still deactivated. The efficiency of UV to deactivate 
pathogens is measured in joules per metre squared [J/m"]. An effective dose that 
eliminates pathogens is 400 J/m" or 40 mJ/cm". figure 2 below describes the efficiency 
of UV against pathogens with the dose on the x-axis and the Log inactivation on the y-
axis [4].  

 

Figure 2. Efficiency against pathogens, reprinted by permission [11]. 

The diagram shows that E. Coli is quickly killed by UV-C. There are a few different 
ways to generate UV-C. Lamps are effective but do of course require a various amount 
of electricity. Low-pressure mercury lamps are more effective, with a wavelength of 
254 nm, medium-pressure lamps (200-440 nm) or LED-lamps that are currently under 
development [4]. Since the access of UV-lamps around Tatum is yet unknown, two 
different UV-purification systems supplied by the Swedish company Green business 
team [15] are selected to be more thoroughly studied for potential use at the FFS: 

§ GBT-UV – A mobile system powered by solar panels.  
§ GBT-UV13 – A grid-powered system made suitable for a school.   

 
The two systems are presented in more detail in section 4.5.  

3.4.2 Solar disinfection  

The solar disinfection (SODIS) method is well recognized and recommended by WHO 
and UNICEF as a good method to use in poor countries that lack water access. SODIS 
is a portable, simple method with a low cost that does not require technical equipment. 
The method works through the combined effect of heat and UV radiation to deactivate 
pathogens. One simply put water in a plastic PET bottle, place the bottle in the sun on a 
metal surface if possible and wait from six hours up to two days if cloudy weather. The 
water is then safe to drink.  

The SODIS method is effective with a log reduction value of three up to five units, the 
effectiveness depends on sun height, latitude, altitude and the level of Ozone in the 
atmosphere. The temperature is also important, if the water reaches 50°C, one hour of 
UV exposure is enough. For the SODIS method to be effective, at lower temperatures it 
requires at least 500 W/m" [19] of sun, or more specific, BHI which stands for Beam 
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horizontal irradiance, for at least 5-6 hours. Also, the turbidity (visible dirt and bacteria 
in the water) of the water can negatively affect SODIS. If so, then other purification 
methods have to be used as a complement. Furthermore, SODIS do not use UV-C 
radiation and barely any UV-B since there are absorbed in the atmosphere. The 
radiation in SODIS is consequently composed of UV-A which does not directly 
deactivate cells, instead it is absorbed by intermediate species like hydrogen peroxide 
that cause damage to microbes. The SODIS method does not kill pathogens, it 
deactivates them which means that a purified bottle of water is only safe to ingest if you 
drink it within 48 hours. After that there is a possibility that the water is not potable 
again as the pathogens have been activated again [4].  

3.5 Electricity in Tatum & the Family farm school 

In general, the access to electricity in Cameroon is poor. The national grid is 
undeveloped with both technical and structural faults. Only 20% of the population 
access electricity and as little as 3.5% have access in the rural areas. A majority (75%) 
of the electricity in Cameroon is produced from hydropower which also is the main 
renewable energy option in the country. In 2010 the installed capacity of hydro 
electrical power was 730 MW, which is almost 50% of the total installed capacity. 
Unfortunately, the dry season affect the hydropower negatively and therefore, the 
electricity access is worse during that time and power cuts occur regularly [7]. On the 
other hand, during the dry season solar power could serve as a good complement during 
that period 

The Family Farm School has sporadic electricity access through a 2 km cable to an 
electric-central that is connected to the national grid. In December 2016 an EWB group 
installed a 1 kW solar power system and a power conditioning unit (PCU) at the FFS. 
The PCU would work so that AC power from the grid directly could supply the loads at 
the school or charge the batteries. The solar modules were installed with DC current to 
either charge the batteries or directly supply the loads. The output of the EWB was 
positive, although the installed solar cells did not cover the total consumption at the FFS 
they did cover around 80% of the consumption when the FFS are not connected to the 
grid [12]. In addition, the solar panels were installed so that it would be easy to install 
more of the same kind in the future if needed.  

4. Methodology 
In this section the method used for this thesis are described. First the data is presented 
and justified followed by a thorough description of the method where parameters and 
calculations are explained.  

The method used to answer the research question in this thesis is to calculate the amount 
of rain water that can be harvested at the FFS in relation to the potable water need. 
Furthermore, calculations concerning the potential of a water purification system with 
the First-flush principle, solar and UV is presented. Finally, material and observations 
from the field study is presented as a complement.    
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Figure 3. Disposition.  

4.1 Data 

In this section the data used for this thesis are presented. First the Climate data is 
described and justified in section 3.1.1 followed by data of the water need in section 
3.1.2.  

4.1.1 Climate Data 

The data used in the following section is mostly obtained direct from the FFS. That 
include: measured rainfall, the floor plan of the school buildings, the potential users of 
the RWH-system and the consumption of electricity. In addition to this, meteonorm data 
of solar irradiance and temperature is obtained from Manfe, the closest station to Tatum. 
GHI stands for global horizontal irradiation which is the total irradiance received by a 
horizontal surface from different directions, and BHI is the beam horizontal irradiation 
which is only the direct irradiance received by a horizontal surface. To evaluate whether 
or not a RWH is a suitable option for an increased water access and decide on a 
purification method, data of rainfall, temperature and solar radiation are important 
factors to take into consideration. The amount of rainfall illustrated in figure 6. over a 
year is crucial as the amount of rain should be high enough to cover the water 
consumption after some of the water have been flushed away. The temperature and solar 
radiation data provide a picture of how well the SODIS-method work in the area. Tatum 
is located around 2000 metres just above the equator and has therefore a high irradiance 
and relatively low temperature. However, the number of sun hours decreases during the 
rain period which is shown in figure 4. below.  

Intended solution
Water tank

UV-disinfection

Conditions for RWH

Electricity supply UV-system Final solution

Conditions for solar 
disinfection

Other solutions
Drilling

Pipe-lines
Filters etc.

Future possible 
solutions 
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Figure 4. Monthly average of solar irradiation in Tatum. The meteonorm data is 
collected from a station in Manfe, close to Tatum.  

 

Figure 5. Monthly average temperature in Tatum. 

 

Figure 6. Monthly rainfall in Tatum. 

 

0
100
200
300
400
500
600
700
800
900

1000

Jan Feb March April May June July Aug Sept Oct Nov Dec

GHI [W/m2]

BHI [W/m2]

24
24,5

25
25,5

26
26,5

27
27,5

28
28,5

Jan Feb March April May June July Aug Sept Oct Nov Dec

Temp [°C]

0

50

100

150

200

250

Jan Feb Marc April May June July Aug Sept Oct Nov Dec

Rain fall [mm]



13 
 

4.1.2 Water need 

The number of students, staff and the water consumption at ACOHOF and the school 
nearby is given in table 1 and table 2 below. 

Table 1. Water need FFS. 

Water need FFS   
Drinking water consumption  
[ l /person & day] 2 

Total water consumption  
[ l /person & day] 20 

Change of unit [l /m$]] 1000 
 

Table 2. Possible users of water tank. 

Users   
Number of students 87 
Max capacity of students 105 
Number of staff 13 
Extra students from school nearby 50 
Requested tank users 168 

4.2 Rain Water Harvesting 

4.2.1 Catchment surface 

The FFS has several buildings of similar size. The chosen roof in figure 7 is therefore 
only a suggestion and can easily be replaced if it turns out to be badly suited for the 
purpose. The size of roof is from the original floor plan and might differ from the roof 
in reality.  

 L=18.6 m 

W=10.2 

Roof seen from above 
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Figure 7. Selected catchment area (roof) at FFS. 

Table 3. Roof area at FFS. 

Area roof (one building)   

Length [m] 18.6 

Active width [m] 10.2 

Area [m"] 189.7 
 

In order to get a good picture of how much rain water that can be harvested at the FFS 
various parameters are used to calculate a sufficient tank size. The rainfall per month 
has been measured on the FFS by the staff and the rainfall on the roof is simply 
calculated by multiplying the roof area with the rainfall per month in millimetres. 
Furthermore, the saved quantity (the amount of rain that can be stored in a tank) for the 
ith month is calculated by the following equation:  

%& = 	 %&)* + ,& − .& − /00,& 	  (1) 

where %&)* is the saved quantity from the previous month. ,& is the rainfall on the roof, 
. the monthly consumption and /00  the amount of water that is flushed away. 
Furthermore, the monthly consumption is calculated as following: 

.& = 2 × 4& 	× 5 (1) 

where 2 is the daily consumption, 4& is the number of days of the ith month and 5 is 
number of users. The flushed quantity /00in equation (1) is the first portion of rain 
water diverted away from the reservoir. There is no standard for how large the portion 
should be. However, the following two equations, one area-based and one exponential, 
are often used as rules of thumb [5] to get a relative good approximation of the right 
amount:  

/00 =
6,7*	
8

,  (2) 

/00 = 	
9:( <=>?@<	<A>BCDC<E>AFGHH	<A>BCDC<E)

J
× K  (3) 

where A is the roof area, in this case 190 m". The target turbidity entering the tank is 
measured in Nephelometric units1. WHO states a target of 5 NTU but 20 NTU entering 
tank is sufficient. The runoff turbidity is the measured average from the catchment area. 
A very dirty roof might contribute to 1000 NTU.		L	is the exponential decay value. For a 
very dirty roof it is set to 0,7 MM)* [5]. 

The two methods are as earlier mentioned rules of thumb. Equation (1) is perhaps better 
suited for a smaller catchment area seen to the constant variable in the equation. 
Equation (2) seems to be better suited for a larger roof area. The constant variables are 
                                                
1 Nephelometric Turbidity Unit (NTU) is often used when recording turbidity. 
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selected to fit what WHO calls a very dirty roof [5]. When calculating with those 
parameters a monthly /00  of approximately 1000 litres was given. Furthermore, the 
number of times a roof needs to be cleaned by the First flush-system was set to one per 
day. The potential rain water harvesting at FFS with 170 users are presented in section 
4.  

4.3 Electricity and UV-systems 

At the time, the FFS use SODIS as purification method. If the FFS get a RWH-system 
installed, the amount of water that need to be purified will increase. If the FFS would 
continue with SODIS only, they would have to collect a lot more PET bottles and it 
would have to be good weather conditions every day for the school to provide potable 
water on a daily basis. Figure 8 below illustrates the duration graph of hourly BHI 
during day time fir a year in Manfe, a weather station close located to Tatum.  
 

 

Figure 8. Duration graph of BHI in Manfe over a year. The dashed line marks the 
required irradiance for the SODIS method to be effective.  

In figure 8 it is shown that relatively few day time hours, approximately 1600, have BHI 
over 500 W/m". That means that most of the time it is not efficient to use SODIS. To 
guarantee potable water every day, an additional method is necessary. The FFS has 1 
kW solar power. In addition to that, they use electricity from a grid that is regularly 
unstable, especially during the dry period. Depending on the power requirement and the 
efficiency of producing potable water, a UV-purification system could be a better 
solution.  

4.3.1 Two potential UV-systems  

The systems GBT-UV and GBT-UV13 shown in figure 9. supplied by Green Business 
Team [15] are in comparison to SODIS, quite complex and modern solutions. It is 
possible to install those systems at the FFS. However, the technical solutions should 
preferably be found on site nearby Tatum, not carried from Sweden. Nonetheless, it is 
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important to study if it is possible to install UV-systems at all. Therefore, GBT-UV and 
GBT-UV13 are examined as examples.  

The GBT-UV system is designed for installation close to the water storage. It eliminates 
E. Coli and other pathogens through running water past four filters followed by a low-
pressure UV-lamp. When using 200 W solar power, it has a max capacity of 13 h run 
time per day producing up to 7800 litres. If using a power source of 7 A  (assuming the 
voltage to be 230 V) the system requires 1.6 kW. The run time is then 19 h and the 
system can then produce 11700 litres of potable water.  

The GBT-UV13 is designed to be installed at a specific site like a school. It eliminates 
E. Coli and other pathogens in the same extent as GBT-UV. The water runs through two 
filters followed by a low-pressure UV-lamp. The system has max capacity of 13 litres 
per minute when connected to a 230 V source, further it requires a power of 20 W and 
have a working pressure of 9 bars.  

 

 

Figure 9. The GTB-UV powered by solar (left) & the and GTB-UV13 (right) [15].  

4.4 Received information from field study 

In this section relevant information received from the field study are presented. First the 
information about the council’s plan for an increased water access in Tatum is 
described in section 3.4.1, followed by a brief description of the use of the SODIS 
method in section 3.4.2.  

4.4.1 The council’s plan  

When the supervisor of the school Yongka Gilbert was asked to list different methods 
that he thought would be best to increase the water access at the FFS, a RWH system 
was listed second. First on the list was a pipe-borne water scheme with water supplied 
from a stream a few kilometres away with use of an electrical pump. During the field 
study, it became clear that the water situation in the whole village of Tatum was critical. 
The current water supply is today neither sufficient or potable. The current system, a 
pipe-borne water scheme with water supplied from natural water source 15 kilometres 
away, is not working well and efforts have been made to improve the system for seven 
years. The plan is to unite pipes from an additional water source to increase the water 
flow and construct a treatment centre. When visiting these water sources, the water level 
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at the sources was not impressive and it is highly uncertain that the new system is going 
to be sufficient. In addition to this, the people in Tatum seem to have a higher trust in a 
pipe-borne water system from a natural water source than they have in RWH systems 
although they are aware that both systems require additional treatment for the water to 
be potable. [12]  

4.4.2 The use of purification systems 

In the present, the FFS use SODIS as purification method. The students and the staff 
have good knowledge of how to perform the method. However, SODIS is not an 
adequate method at the school. According to the supervisor Yongka Gilbert the two 
major disadvantages of the method is that the students often run out of PET bottles that 
are used in the disinfection process. Also, during the rain period, there is a lot of cloudy 
weather which make the disinfection time longer [12]. This is verified by figure 8 in 
section 3.3.  

5. Results 
In this section the results from the study are presented in section 4.1. This is followed by 
a sensitivity analysis to evaluate the reliability of the study in section 4.4. 

5.1 The RWH-system 

The following section summarizes the preconditions to build a RWH-system. To answer 
the question of whether a RWH-system is suitable for the FFS some factors has been of 
greater importance than others. These are: 

§ The water need and number of users.  
§ Amount of rainwater during the year. 
§ The catchment area. 
§ The possibility to purify the water. 
§ The possibility to save water to every upcoming dry period.  

The size of the tank depends on the number of users and the amount of rainwater that 
can be harvested during a year. The requested number of users from the FFS is 170 
people. That include providing water for a school nearby and extra marginal if the FFS 
decide to expand their number of students. Calculations of water consumption and 
number of users resulted in five different options regarding tank size:   

Table 7. Options for tank size. 

Options tank size (4 months) 
Tank 1  25 m$  Drinking water at the FFS 
Tank 2 40 m$ Drinking water at the FFS + school nearby 
Tank 3  180 m$ Total water consumption at the FFS 

Tank 4  300 m$ Total water consumption at the FFS + school nearby 
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To provide enough drinking water to as many as possible is of course a high priority. 
Therefore, the tank must be at least 40 m$. A tank that would cover the total water 
consumption of both schools would have to be almost eight times as large. Since the 
Waccess project is a pilot project in the area it is therefore most realistic to build a tank 
that is larger than 40 m$ but probably smaller than the 300 m$. 

During the field study, it was shown that the FFS has access to a natural spring where 
the water is said to be potable. The staff and the students at the school do not mind 
drinking from the spring even though the water quality has not been tested and the fact 
that the spring is located half a kilometre from the school, even longer for the school 
nearby. The spring is nonetheless not sufficient for more than a small drinking 
consumption. The hygiene and sanitation at the school is very poor since there is no 
additional water to clean bathrooms, the kitchen etc. It is consequently desired from the 
director of the school to have a large size tank constructed with water that would be 
sufficient to drink during the dry period and also to use for keeping the hygiene and 
sanitation at a decent level [12].  

The diagram in 10 below illustrates how much rain water that can be harvested when 
the water consumption is water two litres per student. The dashed horizontal blue line 
exemplifies a water tank of 90 m$. The dark-blue line shows how much water that can 
be harvested when the consumption is two litres per person and day starting in March 
when the dry season is ending. 

 

Figure 10. RWH from a 190 M"roof at the FFS. 

The amount of rain during the year is high in relation to the size of the water tank which 
is both positive and negative. It gives a good marginal for situations when the water 
does not reach the final storage, which could be expected. A high amount of rain makes 
it possible to flush away dust from the roof. When the dry season ends in March, the 
saved quantity is lower than the consumption. This means that a 90 m$ tank is not 
sufficient during this period. A 160 m$ tank or a larger catchment area would be needed 
to cover the consumption all year. 
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The field study visits to the school revealed that the roof used in the calculations was 
not placed at the same location as on the floor plan of the FFS. The roof used for 
calculation is placed in the end of the hill that the FFS is located on. This means that the 
indented RWH system can still be implemented, however, to be able to use gravity in 
order to create enough pressure to pipe the water from the tank to for example 
bathrooms, the RWH system should be preferably placed at the top of the hill. The 
catchment area (the roof) at the top of the hill is smaller than the intended roof. The 
following diagram in figure 11 show how much rain that can be harvested when the 
catchment area is 140 m" instead of 190 m". The dark-blue line shows as the previous 
diagram how much water that can be harvested when the consumption is two litres per 
person and day starting in March. 

 

Figure 11. RWH from a 140 M"roof at the FFS. 

A smaller roof means that less rain water can be harvested. In figure 11, a 90 m$ tank 
cannot be filled due to the smaller catchment area and the water is therefore not 
sufficient for consumption. Furthermore, if the water stored in the tank is intended for 
other consumption as well as drinking water the consumption goes up to 15 litres per 
student. This type of system is then intended to be used only during the four months 
long dry period when the small well that is currently being used dries out. The diagram 
in figure 12 below show a consumption of 15 litres per student and day during 
December – March.  
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Figure 12. RWH with a high consumption during the dry period at the FFS. 

Just as in figure 10, the saved quantity of rain in a 90 m$ tank is not sufficient during 
the dry period. To cover the consumption a 250 m$ tank or a larger catchment area 
would be needed.   

5.2 Purification by UV 

The results presented in section 5.1, suggest that a tank larger than 40 m$ should be 
installed that will cover the potable water need of 170 users. It is therefore realistic to 
complement the SODIS method with an additional purification system. A UV-
purification system (UVPS) is effective in the removal of pathogens, especially E. Coli. 
In comparison to SODIS, a UVPS eliminates all pathogens while SODIS only 
deactivates them. A UVPS does however, require electricity either from a solar power 
system or from the grid. The advantages with a solar powered UVPS, like the GBT-UV 
system (see section 4.3.1) is that it is more mobile and therefore easier to replicate to 
other villagers that lack electricity. Hence it is not dependent on the unstable grid and it 
is, compared to SODIS, very effective purification method. The solar powered UVPS is 
considered not very efficient when the rain period brings cloudy days. If the GBT-UV 
system is connected to the grid due to cloudy weather, it requires 1.6 kW which is more 
than the total installed solar power. The GBT-UV system can then produce up to 7800 
litres, which is 50 times the needed amount of potable water.  

A UVPS powered only by electricity from a grid is naturally more dependent on the 
grid. If there is no disturbances in the supply form the grid, a system like GBT-13 
require 20 W which is more suitable considering the size of, and water need at, the FFS. 
However, the grid is unstable during the dry periods due to a decrease in efficiency of 
the regional hydro electrical power plants.  

The field study showed that UVPS could be a suitable solution to the issue with poor 
water quality. If the villagers of Tatum use treatment methods (currently, far from 
everyone does), they either boil the water or use SODIS. Sand filters and Chlorine are 

-50

0

50

100

150

200

250

300

M
ar

Ap
ril

M
ay

Ju
ne Ju
ly

Au
g

Se
pt O
ct

No
v

De
c

Ja
n

Fe
b

M
ar

Ap
ril

M
ay

Ju
ne Ju
ly

Au
g

Se
pt O
ct

No
v

De
c

Ja
n

Fe
b

M
ar

cu
bi

c 
m

et
re

s

Rainfall on 190 m2 roof [m3] Monthly consumption [m3]

Saved quantity [m3] Max capacity [m3]



21 
 

known methods, but they are currently not used in the village properly because of poor 
knowledge. Since Tatum has a lot of schools, health centres and similar, where the 
villagers come to collect water, a treatment system larger than for domestic use but 
smaller than a large treatment chamber for the whole village is needed. UVPS requires 
electricity and the electricity grid is as earlier said not very stable. However, the amount 
of installed solar panels is slowly increasing which contributes to the electricity supply. 
Unfortunately, very few people are aware of the existence of UVPS and the market for 
UVPS is, on the contrary to other nearby African countries, nearly non-existent in 
Cameroon [12].  

5.3 Sensitivity analysis 

There are some uncertainties in the output of the study about the RWH-system and the 
mentioned purification methods. For the RWH-system, some parameters that affect the 
saved quantity of water are not included, for instance is the rainfall assumed to fall 
straight down. In the reality, rain often fall from different directions. This is very 
common in villages with heavy rainfall like Tatum. However, when it is raining from 
one side, that side of the roof will collect more water than if the rain would have fallen 
straight down, which compensates for the other side of the roof that collect less rain. 
The angle of the roof also affects how fast the water slides down to the gutters, when 
heavy rain occurs, one could expect that the gutters would be flooded. The angle of the 
selected roof is small though, so the gutters will probably not be flooded.  

The heavy rainfall also disturbs the measurements according to the supervisor Yongka 
Gilbert [12]. This was verified by a visit to a similar school to the FFS in Tatum during 
the field study. The school had a working RWH with a 150 m$ large storage tank and a 
160 m" catchment area. According to them, it takes only 2-5 days to fill the tank in July 
during the rainy season [17]. That information highly affects the reliability of the rain 
data. It is likely that the rainfall is higher than the 1400 mm per year that was measured 
at the FFS. The reason for the uncertainty of the rain data is probably the quality of the 
instrument used when measuring rain.  

As for the First-flush system, the exact quality and dirtiness of the roof are unknown. 
The flushed quantity is calculated from standards developed by the WHO. In the reality, 
the flushed quantity would differ from day to day depending on how long time it goes 
between rainfalls. The field study showed that during the rain period, the roofs are 
relatively clean. However, during the dry season the whole village of Tatum is covered 
in dust and when the rain starts falling again, it takes some time before the roofs are as 
clean as before the dry season. In figure 13. the amount of flushed quantity is three 
times as large as in figure 10. during the rainy periods. This does not have a significant 
effect on the RWH-system in the whole.  
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Figure 13. RWH on the FFS with an increased flushed quantity of rain. 

Another uncertain parameter is the water consumption. According to the supervisor 
Yongka Gilbert each person consumes two litres water per day. It is possible that the 
number could be both higher or lower. The field study showed that the consumption of 
drinking water is significantly lower than 2 litres times 170 persons. This is partly 
because of the political instability in the region that cause the absence of some children 
that normally goes to school. Although the recommended consumption for children is 2 
litres for drinking and around 15 litres in total consumption, nobody in the village 
consume that much water because of old habits and culture [12]. In figure 14 the RWH 
calculated in the same way as in figure 10. except from the difference that the water 
consumption of 1 litre per person and day. In figure 14 the tank is filled since the 
consumption is cut by half. With a consumption of 1 litre per person the intended 
RWH-system will be sufficient.  
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Figure 14. RWH at the FFS when the drinking water consumption is half the expected.   

6. Discussion 
In this section the results and their reliability are discussed. Empirical material from 
the field study and future potential possibilities will be brought up and further analysed.  

The purpose of this thesis was to investigate the pre-conditions to implement a RWH-
system at the FFS in Tatum. The results indicate that the amount of rain that fall on the 
selected catchment area is possible to harvest, store and cover the potable water need of 
two schools including staff and students. However, it is not enough to cover the total 
consumption. Furthermore, if a gravity-based pipe system is required, the catchment 
area is decreased to 140 m" since a smaller building need to be used which decrease the 
amount of rain that can be harvested compared to the 190 m" roof.  

In comparison to Sweden where the annual rainfall in Uppsala is close to 500 mm [18], 
the annual rainfall in Tatum is measured to 1400 mm. Worth mentioning in addition to 
the large difference between Sweden and Cameroon is that the rainfall in Tatum almost 
only occur from March to October and pauses during the dry-period. This makes Tatum 
a well-suited location for RWH. The rain measurements have though shown to be 
uncertain and the amount of rain is possibly higher than measured, which is naturally 
more positive than if the amount of rain would be lower than measured.  

Moreover, when it comes to consumption, the result and the sensitivity analysis showed 
that the a RWH system would cover a fairly higher consumption than the given two 
litres per person depending on the size of the tank. The intended RWH system would 
not cover the total water consumption of 15 litres per person and day. If the RWH 
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system was to cover the total consumption, a larger tank would be required with an 
effective first-flush system or two roofs can be used as catchment areas to one large 
sized tank. Another solution that probably would be better is to use the natural spring as 
a complement. During a conversation about the spring as a complement with Kuplika 
Isaac, the director of the FFS he said ”when Christmas is coming, do not forget about 
Sundays”[20]. He was then talking about the importance of continuing to use the natural 
spring even after receiving a RWH system. The first-flushed quantity is another 
uncertain parameter and therefore, the capacity of the RWH system should not be 
challenged. In other words, it is better to use two sources or two catchment areas where 
a lot of water is flushed away instead of taking the risk of harvesting and store un-
flushed rain water with high turbidity when lacking potable water.  

The results show that a RWH system could be a suitable depending on how the water 
stored in the tank is being used, the size of the tank and the catchment area and also 
depending on if the natural spring is going to continue being used as a complement. 
Further, the uncertainty of the amount of rain fall per year makes it hard to determine 
how much water that can be harvested. Furthermore, a RWH-system is not very modern 
and it is easy to understand that bore-holes and pipelines might be more desirable 
systems to install. A RWH system is nonetheless a simple solution that is relatively easy 
to replicate and spread, especially if the pre-conditions for collecting lot of rain are as 
good as in Tatum. Also, a RWH system can still work as a backup plan if more modern 
and better systems that are to be installed in the future breakdown.  

The result of studying different purification methods have showed that the SODIS 
method is effective as a small-scale method when nothing else is available but it has 
distinct disadvantages as method for a school with a big RWH-system. A more effective 
method is to use a UVPS either powered by solar electricity or electricity from the grid. 
During dry periods, the grid is unstable because of the insufficient hydro electrical 
power plants, and the solar irradiance high. It would then be suitable with a solar 
powered UVPS. However, during the rest of the year, that is the rain period, conditions 
for solar is not as good due to cloudiness and rain. Consequently, the grid is more 
stabilised because of good access to hydropower during this period and a UVPS 
powered from the grid would be a better option. Of the two studied examples of UVPS 
systems: GBT-UV and GBT-UV13, the second one must be considered the best option 
of the two since GBT-UV required 1.6 KW and produced a lot more potable water than 
necessary. However, the best solution would probably be a UVPS that could be 
connected both to the installed solar panels and also to the grid depending on the 
weather conditions and that could produce around 350 litres potable water per day. 
During the dry period it would be adequate for the UVPS to consume power from the 
solar panels and likewise from the grid during the rainy season. Unfortunately, UVPS 
are not yet common on the market in Cameroon. UVPS might be a future solution and 
until then, other methods as SODIS or perhaps Chlorine is necessary.  

Moreover, the purification methods in this study has shown that when scaling up from a 
scarce water access to a RWH-system, the SODIS method is insufficient. A UVPS 
system is better suited for the Family farm school (FFS) but since the electricity supply 
is unstable at times it is probably wise to continue using the SODIS method. In contrast 
to a water access system like RWH, there is no reason to choose one method and ignore 
all others when it comes to purification. There is plenty of different methods for 
purifying water, SODIS and UV-purification systems (UVPS) are only two of them. For 
the FFS a combination of different methods would be beneficial due to the various 
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weather conditions and the unstable electricity supply. Possibly, the school could also 
start to use some kind of organic filter from the surrounding area that would decrease 
turbidity before using SODIS if the UVPS does not work due to electricity cut offs.  

Simple systems like RWH and solar disinfection (SODIS) are small steps towards 
preventing poverty and sickness caused by water borne diseases. Nonetheless is a stable 
water access with clean potable water in the end of the day a necessity when going to 
school and there is no reason to neglect simple methods and wait for modern 
infrastructure nor to eliminate the possibility of implementing other systems in the 
future. There are however a lot of factors that must be taken in to consideration when 
participating in the decision making of what kind of system that suits a small school in 
the rural parts of Cameroon. The country continuously struggles with poverty as well as 
political instability and the people in Tatum are suffering. It is important to realise that 
the best solutions from an objective perspective may not be the most suitable at site due 
to unpredictable political and cultural situations for example. 

7. Conclusions 
The objective of the thesis was to ensure that a rain water harvesting (RWH) system is 
the suitable method for the Waccess project and provide a suggestion for a good 
purification method. This was done by determining and study crucial factors such as the 
amount of rain falling during a year in relation to the water need. Further, components 
such as the catchment area and a first-flush system have shown to be important factors. 

The results showed that RWH is a suitable method to increase water access and cover 
the consumption at the FFS if the following factors are fulfilled:  

§ The natural spring continues to be used. 
§ The storage tank has the size of approximately 150 m$ instead of 90 m$. 
§ The catchment area is the intended roof of 190 m" 

In conclusion, the pre-conditions for implementing a RWH system at the FFS are good 
and the system should solve the problem with absence of water. It might not provide the 
desired amount of water, especially during the dry season but it does increase the water 
access significantly. The SODIS method is however not sufficient even though it is a 
better purification method to use than nothing. Instead, another method like chlorine or 
a UVPS could be used. That is, if that kind of techniques are to be available around 
Tatum. If so, there are good prospects for less water borne diseases, and more 
meaningful time in school for the students at the FFS in Tatum.  
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