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Abstract 

The access to water in the regions around Lake Victoria varies with the rainy seasons. Today 
the daily labor of fetching water is a heavy burden for people in the rural areas. In the 
process of this study farmers in the Western and Nyanza provinces in Kenya are interviewed, 
water samples are analysed and present rainwater harvesting techniques and purification 
methods are observed. As a result, suitable solutions to the problems found are discussed. 
An optimal system is chosen for the region with a concept selection matrix. An elaborated 
dimensioning tool for roof and purpose-built harvesting systems is developed. Finally a 
summarised manual is attached in order to raise interest for rainwater harvesting among the 
farmers that the non-governmental organisation SCC-Vi Agroforestry cooperates with. 

Keywords: Rainwater harvesting, storing water, water purification, agroforestry. 

 

Sammanfattning 

Tillgången till vatten i områdena kring Victoriasjön varierar med regnperioderna. Det dagliga 
arbetet med att hämta vatten är idag en stor börda för människor på landsbygden. Under 
processen av denna studie intervjuas bönder i Western och Nyanza provinserna i Kenya, 
vattenprover analyseras och nuvarande regnvatteninsamlingstekniker och reningsmetoder 
observeras. Som ett resultat diskuteras passande lösningar på de problem som hittats. Ett 
optimalt val av komplett system för regionerna tas fram med hjälp av en konceptvalsmatris. 
Ett genomarbetat verktyg för dimensionering av tak- och ändamålsbyggda insamlingssystem 
utvecklas. Slutligen inkluderas en sammanfattande manual för att väcka intresse för 
regnvatteninsamling bland de bönder som den ideella organisationen SCC-Vi Agroforestry 
samarbetar med. 

Nyckelord: Regnvatteninsamling, vattenförvaring, vattenrening, trädjordbruk. 

 



Optimal ways to harvest and purify rainwater 
Christian Nordström & Anders Odevik 

Acknowledgements 
13 Jun 2010 

 

 

 
ii 

Acknowledgements 

The authors would like to express their sincere gratitude to Ylva Nyberg, Bo Lager and 
Pamela Abila and all the other staff at the SCC-Vi Agroforestry centre in Kisumu who 
contributed to the work and a rewarding time in Kenya. Further thanks goes to the SCC-Vi 
Agroforestry field officers who unweariedly showed the way to important meetings with the 
locals in the Western and Nyanza provinces. Also valuable were recent and previous 
teachers at the University of Skövde, foremost Ph.D. Lennart Ljungberg, Ph.D. Anders Biel, and 
Sofia Berg, thank you very much. And all other people giving support in any way, not 
forgotten. 
 
Skövde, June 2010 
 
 
Christian Nordström/Anders Odevik 
 



Optimal ways to harvest and purify rainwater 
Christian Nordström & Anders Odevik 

Table of contents 
13 Jun 2010 

 

 

 
iii 

Table of contents 

 
Abstract ....................................................................................................................................... i 

Sammanfattning .......................................................................................................................... i 

Acknowledgements .................................................................................................................... ii 

1. Introduction ........................................................................................................................ 1 

1.1. SCC-Vi Agroforestry ................................................................................................... 1 

1.2. Kenya ......................................................................................................................... 1 

2. Objective ............................................................................................................................. 4 

2.1. Delimitation and disclaimer ....................................................................................... 5 

3. Process ................................................................................................................................ 6 

4. Theory and observations ..................................................................................................... 8 

4.1. Water analysis ............................................................................................................ 8 

4.2. Catchment techniques ............................................................................................... 9 

4.2.1. Ground catchment ....................................................................................... 10 

4.2.2. Rock catchment ........................................................................................... 12 

4.2.3. Roof catchment and Purpose-built catchment ............................................ 14 

4.2.4. Tree catchment ............................................................................................ 17 

4.3. The first flush problem ............................................................................................ 18 

4.4. Storing rainwater ..................................................................................................... 19 

4.5. Purification ............................................................................................................... 20 

4.5.1. Boiling........................................................................................................... 20 

4.5.2. Chlorination ................................................................................................. 21 

4.5.3. Flocculation .................................................................................................. 22 

4.5.4. Solar cookers ................................................................................................ 24 

4.5.5. Solar Water Disinfection also known as SODIS ............................................ 26 

4.5.6. Solvatten® .................................................................................................... 27 

4.5.7. Biosand filter ................................................................................................ 28 

5. Results and conclusions .................................................................................................... 31 

6. Discussion .......................................................................................................................... 33 

References ................................................................................................................................ 34 

Appendices ............................................................................................................................... 38 

 



Optimal ways to harvest and purify rainwater 
Christian Nordström & Anders Odevik 

1 Introduction 
13 Jun 2010 

 

 

 
1 

1. Introduction 

1.1. SCC-Vi Agroforestry 

The Vi Agroforestry Programme is a non-governmental organization settled in Stockholm, 
Sweden. SCC-Vi Agroforestry manage seven regional projects in four countries around the 
Lake Victoria Basin; Uganda, Rwanda, Tanzania and Kenya. The programme started as a tree 
plantation project in order to stop the spreading of the desert and the earth erosion in East 
Africa. Now it has developed into training, seed distribution, monitoring and administrative 
activities for promotion of agroforestry. Agroforestry is the practice of agriculture and 
forestry combined. The vision for SCC-Vi Agroforestry is “A sustainable environment which 
offer farmer households good living conditions” and today the organization reaches 
approximately 240 000 households with their 700 employees [Vi-skogen, 2008]. 

1.2. Kenya 

 

Figure 1. The flag of Kenya [The World Flag Database, 2009]. 

The flag of the Republic of Kenya is depicted in figure 1 and a map is presented in figure 2. 
The total population, as seen in table 1, is predicted to reach 36.3 million in July of 2010 
where 4.6 million live in Western and 5.2 million live in Nyanza [Thomas Brinkhoff: City 
Population, 2010]. In the year of 2000, the Western and Nyanza provinces were placed third 
and second as provinces with highest rates of poverty in Kenya (W: 60.8 %, N: 64.6 %) [KNBS, 
2006]. 
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Figure 2. Map of Kenya [U.S. Central Intelligence Agency, 1988]. 

Table 1. Country information, 2010 [Nationalencyklopedin, 2010 & Thomas Brinkhoff: City 
Population, 2010]. 

Republic of Kenya (English)  Jamhuri ya Kenya (Swahili) 

Population 36.3 million (expected 2010) 

Capital Nairobi 

Main languages English and Swahili 

Area 580 000 km2 

Currency Kenyan shilling (KES) 

Populous cities  Nairobi (3 million), Mombasa (867 000), Kisumu 
(271 000) 
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National water facts 
In an average year, the wet season occurs from March through May. Below, in figure 3, a 
graph can be seen with the average precipitation in Kisumu. 

 

Figure 3. Average precipitation in Kisumu [BBC, 2006]. 

Because of the large difference of precipitation between the dry and wet season the people 
collecting rainwater have trouble to harvest enough water to secure access during the whole 
year. 

The majority of interviewed farmers boil their water before drinking. In a study made by 
SCC-Vi Agroforestry, 30 % of the farmers in the Kisumu project use wood saving stoves. In 
the same study, only 60 % answered that they have water available within 500 m of their 
home [Vi Agroforestry Programme, n.d.]. According to a survey made by the Kenya National 
Bureau of Statistics in 2006 [WHO/UNICEF JMP, 2010], 51 % of the rural population in Kenya 
have access to improved drinking water sources. The main source for drinking water in the 
rural areas is groundwater. Only 2.6 % of the rural population that have access to improved 
drinking water sources uses rainwater as one. This report focuses on providing farmers living 
in the Western and Nyanza provinces in Kenya with useful information on rainwater 
harvesting. 
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2. Objective 

At the moment the sites concerned suffer from lack of water during the dry season. 
Therefore, primarily the problem is quantity of water and secondarily the quality of it. The 
water usage is of importance both for drinking and agriculture. Water-borne diseases can be 
very hard-hitting and prevent people from working their way out of poverty. Rainwater can 
be a good source for reliable and healthy drinking water. At the moment, most farmers who 
collect rainwater only have enough water during the rainy seasons. The main objective with 
this project is to help SCC-Vi Agroforestry to inform their farmers on how to have an even 
supply of water, above the minimum desired water possession, all year round by using a well 
planned rainwater harvesting system, see figure 4. 

 

Figure 4. Present water possession for people collecting rainwater living in the Nyanza province 
based on average rain data. 

The report will give examples of suitable ways on how to harvest and purify rainwater in the 
Western and Nyanza provinces based on literature and information gathered on location in 
Kenya. The firewood consumption in Kenya is high and it is stated that most farmers boil 
their rainwater despite that there are other more efficient ways to purify water. A manual 
for rainwater harvesting and purification techniques suitable in the Western and Nyanza 
provinces is developed. This manual is supposed to be spread by SCC-Vi Agroforestry among 
their farmers in order to help them increase their water supply during the dry season and 
decrease the firewood consumption which in the long run is harmful for both man and 
nature. 
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In conclusion the objectives are: 

 Develop a solution for how farmers should use rainwater harvesting systems in order 
to have an even supply of drinking water all year round. 

 Give examples of suitable ways on how to harvest rainwater in the Western and 
Nyanza provinces. 

 Give examples of suitable ways on how to purify rainwater in the Western and 
Nyanza provinces. 

2.1. Delimitation and disclaimer 

Although this project will take place in the vicinity of Lake Victoria, it will only concern 
rainwater. Only the Western and Nyanza provinces in Kenya are covered by field research 
but the work can be applicable in other equatorial places and beyond. The time in field is 
limited to two months. 

The authors cannot accept any liability for any failure or mishap when using any of the 
suggestions or described systems in this report. 
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3. Process 

The study of rainwater harvesting and purification techniques was initiated in Skövde, 
Sweden. The time plan can be viewed in appendix A. During the stay in Kisumu, Kenya, for 
two months (19th March – 19th May 2010) the work was made closely together with staff 
from the SCC-Vi Agroforestry Project. The staff assisted with contacting farmers who harvest 
and purify rainwater in different ways. In total, 15 farmers were interviewed and 8 water 
samples were taken from different sources.  

The water samples are analysed for pH, coliform bacteria, turbidity and physical appearance 
on colour as well as smell, see table 2. The interviews are focused on identifying flaws and 
advantages with the techniques used by the farmers, see appendix B-C. They are also made 
in order to gain knowledge of what the farmers themselves think would need development 
to improve their living standard. In conclusion the interviews are made to clarify how the 
different procedures of water harvesting and purification are used in reality, by the people 
who really apply them, compared to directions in literature. With this information problems, 
and solutions to them, could be identified and discussed with the farmers firsthand. 

Every interview is concluded by a section called “Criterions for a new rainwater harvesting 
technique” or “Criterions for a new purification method” depending on what subject the 
farmer is interviewed on. In these parts different criteria are weighed against each other and 
the farmer states what is more important if he/she should invest in a new technique. The 
results are compiled giving every criterion percentile importance in Concept Selection 
Matrices. Points on every criterion for different concepts are combined with the percentile 
weight and give the criterions different rank, see appendix D-G. 

In order to avoid recommending any technique not possible to maintain or even build in the 
Nyanza or Western provinces, information on availability and prices for different materials 
are gathered. The price information is also used for the development of the Dimensioning 
tool for Rainwater catchment created during the project. In the hands of SCC-Vi Agroforestry 
the tool is supposed to be an aid for farmers who are planning to invest in or modify a 
rainwater harvesting system, see chapter 5. 

In excess of field research theoretical information is gathered from literature and various 
internet sources. 

Rainwater harvesting techniques observed in reality: 

 Roof and purpose-built catchments with attached reservoir being either: 
 plastic tank 
 reinforced moulding or 
 sub-surface tank. 

 Rock catchments/earth dam 

 Ground catchment 
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Purification methods observed in reality: 

 PUR® 

 Moringa oleifera and Moringa stenopetala 

 Solar disinfection, also known as SODIS 

 Boiling 

 Solvatten® 

 CooKitTM solar cooker 
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4. Theory and observations 

The theory is focused on simple water analysis, catchment techniques, storing vessels and 
purification methods for rainwater and gathered through literature and observations on 
location in the Western and Nyanza provinces in Kenya 2010. Prices and capacities are 
presented in appendix H. 

4.1. Water analysis 

In order to get an idea of the importance of a clean source of water combined with a 
befitting water purification method, a water analysis of available sources may be done. 
Relevant measurements from water sources in Muhoroni, Nyanza, can be seen in table 2. 
The water quality indicators used in this study are; 

 Turbidity, the term for cloudiness in the fluid. Measured by looking through a water 
column as it fills up until black and white markings in the bottom are too diffuse to be 
seen. Nephelometric turbidity units (NTU) can be read on a logarithmic scale along a 
turbidity tube as depicted in figure 5 (photos). The WHO recommendation is a 
turbidity below 5 NTU to avoid rejection of the supply by the users and to support 
different purification methods [WHO, 2008].  
 

 

Figure 5. Turbidity tube. Photos: Christian Nordström, 2010. 

 pH, the level of acidity in the fluid. Measured with various methods. The 
measurements in table 2 are made with a pH-indicator fluid in test tubes. A typical 
guideline is to strive for a pH in the range 6.5-9.5 mainly for aesthetic and corrosive 
reasons [WHO, 2008]. 

 E-coli (Escherichia coli) are coliform bacteria indicating faecal pollution. These can 
cause diarrhoea and other diseases and should not be present at all in drinking 
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water, [WHO, 2008]. The measurements in table 2 were made by the laboratory 
CellPath Ltd. in Kisumu. 

 Cfu/ml stands for colony forming units per millilitre i.e. in this case total coliform 
bacteria grown in tests from one millilitre of the water sample. An EPA (US 
Environmental Protection Agency) and FDA (US Food and Drug Administration) 
recommendation is <500 cfu/ml [Natural Resources Defence Council, 1999]. The 
measurements in table 2 were made by the laboratory CellPath Ltd. in Kisumu. 

 Smell and colour can be subjectively measured to easily rule out foul water or to 
judge the necessity of purification. 

 Table 2. Water sample measurements in Muhoroni, 20th Apr 2010. 

 
The measurements in table 2 show that the greatest water source in the test area, i.e. the 
river, has a high bacterial content with e-coli present. It is also very turbid which inhibits 
many purification methods. The differences between bacterial content in roof catchments 
can be explained with varying efforts of maintenance of tanks and runoff surfaces. The right 
column shows the recommendations mentioned. 

It is possible, by simple means, to test the water for e-coli and total coliforms without 
consulting a laboratory. Examples of obtainable and low cost items for doing this are Whirl-
Pak® sampling bags, 3MTM PetrifilmTM dishes to grow the bacteria and plastic pipettes to 
dose the required amount of sample on the film. 

It is important to understand that even if a turbid glass of water does not look healthy it is 
possible that a perfectly clear one has far more harmful pathogens. 

4.2. Catchment techniques 

There are several different catchment techniques well used today around the world. This 
report focuses on four of them; Roof catchment, Purpose-built catchment, Ground 
catchment and Rock catchment. 

Test 1 2 3 4 5 6 7 8 Aim 

Source Stream Dam Roof Roof Hole River Roof Roof - 

Turb. 140 NTU 500 NTU <3 NTU <3 NTU - 200 NTU <3 NTU <3 NTU <5 NTU 

pH 8.5 7.5 7.0 7.5 6.5 8.5 8.5 7.0 6.5-9.5 

Colour Brown Brown Clear Clear Brown Brown Clear Clear Clear 

Smell No Soil No No No No No No No 

Cfu/ml - 21 000 13 000 - - 155 000 3 000 500 <500 

E-coli - No No - - Yes No No No 

Temp 15 °C 23 °C 22 °C 22 °C 31 °C 23 °C 24 °C 22 °C - 



Optimal ways to harvest and purify rainwater 
Christian Nordström & Anders Odevik 

4 Theory and observations 
13 Jun 2010 

 

 

 
10 

4.2.1. Ground catchment 

Ground catchment refers to the practice of collecting runoff water from a natural or 
constructed ground levelled surface leading to an underground tank. The catchment surface 
can, amongst other alternatives, be made of cement or tarmac [Gould & Nissen-Petersen, 
1999]. A simple outline of a ground catchment can be seen in figure 6. 

Suitability 
Ground catchment is mainly suitable for households with high water quantity demands, 
where available roofs have incompatible design or are too small for water catchment. For a 
small community, ground catchment can be financed collectively and contribute 
substantially to the community water resources. This could in other words be of importance 
to farmer cooperatives in Western and Nyanza provinces. The water is suitable for most 
purposes but requires purification when applied as drinking water [Gould & McPherson, 
1987]. 

Advantages 
Areas with limited rainfall benefit from the increased catchment surface that can be used 
with this technique [Gould & Nissen-Petersen, 1999]. Other major advantages of ground 
catchment are cost-efficiency, very flexible dimensioning and relatively fair water quality. 
Also, the construction design makes ground catchment sustainable and keeps the 
maintenance work at a moderate level. 
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Basic construction 
 

 

Figure 6. Ground catchment [Adapted from Gould & Nissen-Petersen, 1999]. 

To minimise the required material used when building the runoff surface depicted above, 
the ground’s natural slope should be the primary tool for leading the water to the tank. The 
surface must at all directions slope slightly towards the underground tank in order to work. If 
the ground is flat, more construction material must be used to create the slope. The price of 
cement in a local store in Kisumu is 800 KES (at present currency values corresponding to 
about 84 SEK (3rd Jun 2010)) for a sack containing 50 kg. 

The preferred construction location is on even ground without rough vegetation or trees. 
Avoid overlapping previous walking routes. Cleanliness issues mitigates with fencing or 
screening of the catchment area. 

Maintenance and important notes 
Cleaning the catchment surface regularly is needed since it is situated on ground level, which 
makes it sensitive to contamination from animals, people or wind-carried dirt and debris. 
The underground reservoir needs intermittent cleaning and the lid must be closed to keep 
sunlight out in order to avoid algae growth. Also, check the surface for possible crack 
propagations once in a while and repair if present. 

Because of the similarities to a well, a water fetching equipment is needed to subtract water 
from the tank. Water from ground catchments is typically more turbid than the varieties of 
roof catchments and therefore some purification methods will be less efficient [Gould & 
Nissen-Petersen, 1999]. For example, if using solar disinfection the water might have to be 
filtered prior to being placed in the sun. 
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The underground tank can pose a risk for drowning accidents. Necessary safety precautions 
should be considered to keep out children and animals. 

Additional notes 
The nearest thing to this practice, seen in the project area, is a dug pond relying on 
rainwater runoff from an adjacent road in Ahero, a few kilometres east of Kisumu. There was 
no particular recognition of the technique among any farmer visited. 

The need foremost expressed by local farmers is the quantity of water. Although the quality 
is inferior compared to roof and purpose-built catchment, the ground catchment technique 
has a great potential of solving the quantity issue. The rainwater harvesting dimensioning 
tool created and adapted for roof catchment can with some limitations also be used to plan 
and dimension a ground catchment construction, see chapter 5. 

Though not recommended a natural surface for rainwater catchment can be used, if so a 
packed impervious soil would be preferred. This is in order to minimise loss due to 
infiltration and to prevent soiled water from entering the tank. 

4.2.2. Rock catchment  

The main features in rock catchments are a catchment surface and a dam, which obstructs 
the flow, to create the reservoir. These catchment systems are very similar to ground 
catchments but can be separated by the fact that rock catchments are most of the times 
using an open reservoir and, because of the potential capacity, they are mainly constructed 
for public use [Gould & Nissen-Petersen, 1999]. Simple outlines of rock catchments can be 
seen in figure 7a and 7b. 

 

Figure 7a. Rock catchment [Adapted from Gould & Nissen-Petersen, 1999]. 
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Figure 7b. Earth dam [Adapted from Gould & Nissen-Petersen, 1999]. 

Suitability 
Rock catchments can be used almost everywhere where there is a surface leading rainwater 
down into a natural hollow or valley where a dam can be constructed to store the water. 
There are many sites in the Western and Nyanza provinces where rock catchments can be 
used but the building of a dam, when it comes to large quantities, might not only be 
expensive but also rather difficult and expert knowledge is often needed to make sure it is 
properly constructed. That is the main reason why rock catchments are often built by 
communities rather than privately by an individual. There are, however, different varieties of 
rock catchment and skilled individuals can with some effort harvest rainwater in smaller 
scale by using, e.g. a hillside as catchment area and an earth dam to retain the water in a 
pond. These ponds differ in size and water quality but considering the quantity collected it 
can be seen as a good investment. Earth dams can be seen as a similar sort of catchment 
system, only using another kind of catchment surface than rock catchments. The water 
collected can often be used for livestock and irrigation but with the correct purification 
method it can also be used for domestic needs. 

Advantages 
The main advantage when using rock catchment is the potential quantity that can be 
collected because of the large catchment surface used. Depending on the surroundings the 
water quality differs and it is suggested by Gould and Nissen-Petersen [1999] to keep the 
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catchment surface as clean as possible. It is also mentioned that since the usually rather 
large reservoirs cannot be covered the water can easily get contaminated. 

Basic construction 
Preferred catchment surface is rock outcrops but hillsides can also be used. In some cases it 
might even be possible to channel the runoff along stone and cement gutters to the basin. If 
the dam lies above settlements the collected water can be transported through a gravity fed 
pipe network to standpipes [Gould & Nissen-Petersen, 1999], see figure 7. 

When choosing the site for the collection basin it is important that the dam is built at a 
convenient location for the users and that the basin gets as much depth as possible in order 
to minimise evaporation loss [Gould & Nissen-Petersen, 1999]. It is also important to note 
that the catchment area should be free of soil erosion to avoid increasing the turbidity 
[Sthiannopkao, et al., 2006]. 

Because of the relatively low quality of the water collected in the basin of the earth dam it 
may sometimes be a good idea to dig a well immediately downstream of the dam. The 
reservoir will recharge the well with water which will be of better quality than the water in 
the basin. 

Additional notes 
One visited farmer used a hillside as catchment surface leading the rainwater into a pond 
created with an earth dam. The water was used mainly for irrigation and livestock but also 
for domestic uses after treatment, which in this case meant boiling. The farmer requested a 
more effective way to purify the water and because of the quantity collected and the 
possibility to always have an even flow of water a sand filter was initially considered 
suitable. Samples of the water showed that the turbidity was as high as 500 NTU 
(Nephelometric Turbidity Units), this result is in accordance with Gould & Nissen-Petersen 
[1999] which states this as a major setback when it comes to the use of earth dams. High 
turbidity of the water is not suitable for sand filtration [Vigneswaran, 1995] without pre-
filtration. Another obstacle using earth dams according to Gould and Nissen-Petersen [1999] 
is the problem with sedimentation. The interviewed farmer also mentioned this as a 
problem which leads to clogging of the pipes from the reservoir and stated that the pond 
needed to be cleaned from silt about every tenth year. 

4.2.3. Roof catchment and Purpose-built catchment 

Roof catchment systems and Purpose-built catchment systems are in the essence the same 
idea; to construct an elevated catchment area and lead the rainwater into a container, see 
figure 8. 

Suitability 
Roof catchment is in fact suitable for every house owner in the Western and Nyanza 
provinces. Especially if the roof is made of, or is planned to be made of, either iron sheets or 
tiles. Depending on the size of the roof the amount of water collected varies plenty and in 
most cases the water collected is enough to be used for drinking, domestic needs and 
livestock. In rare cases it can also collect enough water to use for irrigation. 
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Advantages 
The main advantage with using roof catchment is that, if correctly used, the rainwater 
collected could be used as drinking water without any pre-treatment [Gould & Nissen-
Petersen, 1999]. For this to be almost infallible, the system can be modified with a first flush 
device which diverts the first amount of rainwater every rainfall, which often has dirt from 
the roof with it, into another tank, see chapter 4.3. The amount to be diverted varies 
depending on the size of the roof but it is important to note that this run-off is perfectly 
good to use for other needs that do not need especially clean water. Farmers in the Western 
and Nyanza provinces would benefit from installing a first flush diverting device into their 
roof catchment/purpose-built system, in accordance with a study made by Yaziz, which 
Gould and Nissen Petersen [1999] points to, showing that the use of first flush diversion 
successfully decreases the amount of coliforms and other bacteria collected into the 
reservoir. 

Basic construction 
 

 
Figure 8. Combined roof and Purpose-built catchment with first flush diverter. 
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Maintenance and important notes 
Clean the gutters and catchment area, when needed, from leaves, bird dropping and other 
external debris. 

Avoid placing the gutters in a way that lets a lot of water overshoot them. 

Keep the reservoir lid closed to keep out sunlight in order to avoid algae growth. This is also 
recommended to prevent mosquito breeding. 

Check the system for any repair needed every once in a while. 

If any of the family members are HIV-positive boiling of the drinking water is always 
mandatory, even if a first flush system is used [Gould & Nissen-Petersen, 1999]. 

Additional notes 
In fact, roof rainwater harvesting is widely used by the farmers in the Western and Nyanza 
provinces. However, the main problem is that most of these constructions are poorly 
designed and not very well planned when it comes to the size of the catchment area 
comparing to the size of the reservoir. On visits to farmers in the region, along with very 
ingenious designs, many examples of poorly planned roof rainwater catchment systems have 
been found. One example is where two tanks were used to store rainwater. The catchment 
area was fairly big and sufficient for both of the tanks to be filled. The problem was that one 
of the tanks was used every day while the other one was only tapped from when a small 
amount was needed. This meant that one of the tanks stood full almost every rainfall and 
therefore overflowing while the other was close to empty every rainfall. Another example is 
where a farmer had invested in a plastic tank of 5000 litres and settled it on big rocks. 
Because of the weight of this tank when full (approx. 5000 kg) the rocks penetrated the tank 
which lead to leakage. One example of poor planning that was seen repeatedly is where a 
tank of 5000 litres is bought but the catchment area is too small to make use of the whole 
capacity of the tank. In order to always have water in the tank the daily water usage could be 
as high even with a cheaper smaller tank of 2000 litres. 

An excel worksheet is developed, see chapter 5, that can be used by SCC-Vi Agroforestry to 
avoid poor planning like the last example given. The worksheet can assist farmers planning 
to invest in a roof catchment system. All needed inputs from the farmer are water demand, 
catchment area or tank size. 

The most repeated answer from farmers using roof catchment on the question; “Do you 
ever have to repair or change any parts?” was that the gutters often break because of rusty 
nails and screws holding them up. The gutters also needed to be cleaned from leaves every 
once in a while to keep the water collected reasonably clean. Almost every farmer collecting 
the water into a plastic tank also mentioned that the tap often broke. The tap is easily 
replaceable and can be found in every hardware store for about 400 KES (42 SEK (3rd Jun 
2010)). On the question about “the advantages and limitations with your rainwater 
harvesting technique”, several of the farmers, using roof catchment, pointed out that the 
water collected is often of good quality but during the dry season the tank often stands 
empty. 

What is noticeable is that the majority of the interviewed farmers, using roof catchment, boil 
their water before drinking it. This method of purifying the water, in addition to that it is 
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more expensive than other purification methods, is not needed if the system is properly 
maintained. Studies made in field show that a properly maintained roof catchment, even 
without first flush diversion, can harvest water that has a bacterial count low enough to be 
accepted as drinking water. And with the use of a first flush system the water quality should 
be perfectly fine without pre-treatment, see chapter 4.3. 

4.2.4. Tree catchment 

Tree catchment refers to the practice of collecting foliage runoff water from tree trunks, see 
figure 9. 

Suitability 
Tree catchment is mainly suitable as a small complement to other sources of water, if there 
are suitable trees within the compound. The more trees there are available the greater the 
opportunity. 

Advantages 
Tree catchment has limited capacity for collecting water but the practice does not require 
any real investment and it is also quite versatile. The technique is easy to use and requires 
minimum maintenance. Although not as pure as water from iron roofs the water collected 
from trees has good quality [The International Institute of Rural Reconstruction, 1998]. 

Basic construction 
 

 

Figure 9. Tree catchment [Adapted from The International Institute of Rural Reconstruction, 1998]. 

To lead the water off the tree a banana leaf or a metal funnel can be attached to the trunk 
and conducted to the water reservoir, as seen in figure 9. Preferred trees are those with 
short smooth trunks and thick crowns, e.g. jackfruit or wild fig [The International Institute of 
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Rural Reconstruction, 1998]. The water can be collected in a pot, a bucket, a low tank or an 
underground tank. 

Maintenance and important notes 
Depending on the water container used there are various needs of cleaning. If an immobile 
tank is used intermittent cleaning should be done. If banana leafs are used as funnels the life 
span will be very limited but this can be considered a maintenance task, just intermittently 
replace the worn banana leaves with fresh ones. 

If used for drinking water, purification is mandatory. 

Additional notes 
The technique has not been observed in practice but it could have some potential since tree 
planting is widely integrated with agriculture in the area of this study. It is also very 
affordable, a 20 litre clay pot, see appendix H, can cost 202-370 KES (21-39 SEK (3rd Jun 
2010)), Young [2005], and a simple metal funnel can be made of any piece of leftover iron 
sheet nailed to the trunk. The setbacks are the low capacity and the low durability expected 
and these setbacks put tree catchment towing behind the rest of the concepts processed. 

4.3. The first flush problem 

First flush, also referred to as foul flush, represent the initial drops of water when it starts to 
rain and the accumulated filth at the runoff surface dissolving in it. The filth can be of 
different origin, e.g. bird dropping, dead insects, leaf debris, dust etc. and is lead into the 
tank contaminating the content. 

First flush diversion – the solution 
A first flush diverting device is used to redirect an amount of water relative to the size of the 
catchment area prior to allowing the flow of water into the water tank, see figure 8. The 
technique, when applied and maintained properly can reduce the risk of contamination 
substantially. 

Suitability 
Whenever a roof or purpose-built catchment technique is being used a first flush diverter 
can be considered. 

When rainfalls are very scarce it might be better to omit the diverter in order to fetch as 
much water as possible, although a self-cleaning screening mesh is always recommended 
somewhere between the gutters and the tank. 

Advantages 
In a study by Yaziz, et al. [1989] the amount of faecal coliform from runoff water from roofs 
was quickly reduced when rainfall began. Five consecutive samples of the first five litres of 
runoff water was analysed and whereas the first litre used to contain faecal coliform 
bacteria, the fourth and fifth showed no presence of the same. This shows the positive 
health effect a first flush diverter can induce. 

Construction and handling 
There is an abundance of inventive designs of first flush diverters. Gould and Nissen-
Petersen [1999] states that most of these are rarely being used. The design needs to be 
made simple enough to require minimal handling and maintenance in order to be attractive. 
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The amount of water, in litres, to divert can be calculated by multiplying a pollution factor 
with the horizontal roof surface area, see figure 10. A pollution factor of 0.5 is recommended 
for minimal pollution and 2.0 is recommended for substantial pollution [Rain Harvesting Pty 
Ltd, n.d.]. In rural areas in the Western and Nyanza provinces an average pollution factor of 
1.25 may be suggested and considered safe. 

The construction suggested is depicted in figure 8. This 
solution is fully automatic and will only require two 
things from the user; unfrequently washing out 
sediments from the bottom and wiping off the screening 
mesh. A minimum of 60° from the horisontal should be 
used for the screen [Gould & Nissen-Petersen, 1999]. 
The total cost and the needed length of downpipe 
depends on the roof size and is calculated in the 
dimensioning tool attached, see chapter 5. 

4.4. Storing rainwater 

Storing, as a principle, is to practice good economy and it saves energy. In arid areas of the 
world well planned rainwater catchment cisterns can supply enough water during dry 
seasons for the needs of the user population, without tedious walking distances. As an 
essential part of a rainwater catchment system, storage of the water can be done in various 
ways, some which are good and some which are bad. 

Suitability 
Different solutions can be recommended depending on water demand, monthly 
precipitation and rainwater harvesting technique. For tree catchment clay pots or buckets 
usually serves as reservoirs as the quantity collected is expected to be relatively small. For 
roof and purpose-built catchments plastic tanks, sub-surface tanks, brick masonry or 
reinforced mouldings could all be considered depending on available and affordable 
resources as well as the suitable volume. For ground catchment, dug ponds or sub-surface 
tanks can be used. For rock catchment there is generally only the dam option. 

Pros and cons 
For all open reservoirs evaporation loss and contamination will occur and some means of 
water treatment before drinking and household use should be considered mandatory. 
Beneficial for these solutions are the potentially great capacity and sometimes the 
construction simplicity. The closed reservoirs are likely to be more sanitary and reliable 
solutions but generally require more planned regular maintenance and greater initial costs in 
relation to water capacity. 

Construction and handling 
If the catchment system investor chooses to build a reservoir adapted to his or her situation 
the choice of method and the expertise needed lies beyond this project’s objective. Though 
some ground rules are first to have the tap close to the bottom but still slightly higher than 
possible sediments in the tank. Secondly, an overflow outlet should be put as close to the 

Area 

Figure 10. Horizontal roof surface area. 
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top of the tank as possible. These measures are both in order to get the full capacity of the 
tank in use. Another must is to have possible access for cleaning and inspecting the interior 
of the tank, preferably with a manhole on top with a sealed cover. 

Some tanks can be bought readymade. At a local store in Kisumu the prices and volumes for 
plastic tanks ranged from 300 litres for 2500 KES (262 SEK (3rd Jun 2010)) to 10 000 litres for 
65 000 KES (6820 SEK (3rd Jun 2010)). 

Maintenance and important notes 
Mutual for all reservoirs is the recommendation to practice adequate maintenance. Tanks 
should be regularly cleaned and inspected. If there is sludge at the bottom of the tank, it 
does not require draining the tank for removal. It can be done by using an inverted funnel 
with simple siphoning technique [Gould & Nissen-Petersen, 1999]. 

Closed reservoirs should be opaque and sealed or screened in order to avoid algae growth 
and access for insects like mosquitoes. Trees can provide shadow in order to keep the 
reservoir chilled. 

Tanks should be placed at least at a distance of 90cm from the wall if it is a part of a roof-
catchment, away from blocking previous walking paths, and at a safe distance from typical 
sources of pollution like latrines or waste disposal facilities [Gould & Nissen-Petersen, 1999]. 

Good hygiene is the solely most important practice in order to secure healthy water access 
from rainwater catchment systems [Gould & Nissen-Petersen, 1999]. 

Additional notes 
In the interviews with the farmers no one considered the cost of the storage unit to be of 
greater importance than the other criterions, i.e. capacity, durability and maintenance. In 
reality this may be of greater importance since the storing unit usually will stand for a 
massive part of the rainwater catchment investment. In the dimensioning tool attached, see 
chapter 5, the minimum but sufficient size of the reservoir can be calculated in order to 
minimise this cost. 

4.5. Purification 

There are several different purification methods well used today around the world. This 
report focuses on seven methods; Boiling, chlorination, flocculation, solar cookers, SODIS, 
Solvatten® and Biosand filters. The most common method in the Western and Nyanza 
provinces today is to boil the water, according to interviews with local farmers. 

4.5.1. Boiling 

Boiling is the most common purification method for drinking water used in the area of field 
research. Out of 14 interview subjects, 12 were boiling their drinking water, if not always at 
least on occasion. The other two were using Solvatten® and the CooKitTM solar cooker 
enough to cover their drinking needs. 

Suitability 
Boiling is recommended for immunocompromised people, e.g. HIV-positive individuals, the 
very young or the very old. It is not practical or economical to treat water regularly by 
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boiling; the method should be considered an emergency measure when other purification 
methods are unavailable [Gould & Nissen-Petersen, 1999].  

Advantages 
In an interview with a farmer using a wood saving stove for boiling water, the advantages 
mentioned were that they had access to firewood on the compound, that they did not have 
to rely on chemicals and that it was a reliable method for water purification. 

Construction and handling 
Different efficiencies on fuel consumption when boiling are due to the construction of stoves 
or fireplaces. Preferably a wood saving stove and if possible a chimney should be used. 

In order to purify water through boiling there are different local practices when it comes to 
boiling time. Some just bring the water to boil and some want to boil for up to 20 minutes. 
Studies have shown that a recommended boiling time should be one minute at sea level. For 
each 1000 m in altitude above sea level one extra minute boiling time should be added 
[Meierhofer & Wegelin, 2002]. One explanation is that the temperature of the boiling point 
varies with barometric pressure, which in turn varies with altitude. Lake Victoria has a 
surface elevation of 1134 m above sea level [UNEP, 2006], at this level the boiling 
temperature reaches no higher than 96.3 °C based on calculations from the CSGNetwork 
‘Water Altitude Boiling Point Calculator’ found here: http://www.csgnetwork.com/ 
h2oboilcalc.html 

In the Victoria Lake basin an average 3 minutes boiling time can be considered, in 
accordance with the above statements. According to a SCC-Vi Agroforestry report carried 
out by Solvatten® 2009 about 300-400 g of firewood can be estimated for bringing one litre 
of water to boil, “when a traditional three stone stove and a 10-litre aluminium pan is used“ 
[Åhman, n.d.]. Stated in the same report is the firewood price ranging from 10-30 KES (1-3 
SEK (3rd Jun 2010)) per kilo. 

Maintenance and important notes 
Maintenance level is supposed to be low, but the farmer interviewed using a fuel saving 
stove had to repair the upper part of the stove once in a while. 

Although considered to be a safe way to purify water, risk of recontamination after bringing 
the water to cold should always be taken into account. 

Additional notes 
Among all the purification methods considered in this study, only colloidal silver purification 
is more expensive than boiling with bought firewood. Compared to the third most expensive 
method, PUR®, boiling can be 10 times as expensive. The palatability of boiled water is 
somewhat compromised due to smoke and low oxygen content left in the water. The 
method is also time consuming and environmentally unsustainable. 

4.5.2. Chlorination 

Although chlorination affects the taste and smell of the water it is one of the most effective 
ways to purify drinking water [Worm & van Hattum, 2006]. It can be used for both big and 
small water supplies and eliminates most of the bacteria present. 

 

http://www.csgnetwork.com/%20h2oboilcalc.html
http://www.csgnetwork.com/%20h2oboilcalc.html
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Suitability 
As chlorination is very effective in fairly clear water and can be bought in different sizes of 
packaging it is suitable for almost all kinds of rainwater harvesting techniques. There are 
many chlorination purification products accommodated for easy use, such as Waterguard 
and Aquaguard, for sale in the markets in the Western and Nyanza provinces. These 
products seem to be supposed for use mainly by individual households for their daily supply 
of drinking water. 

Because of the fact that chlorination may affect the taste and smell of the drinking water it is 
not as popular as one would think when considering the price and efficiency. Some people 
use it every day while others only use it when they believe it is needed. 

Advantages 
Chlorination is cheap, effective and easy to obtain. Beyond this it is fairly easy to use but 
what is important to note is that misuse leading to over application can cause health 
problems. 

Construction and handling 
As mentioned, chlorination purification products are sold in different compositions and are 
therefore used differently. While the products like Waterguard and Aquaguard are sold in 
small bottles that are enough for up to 900 litres of drinking water there are also other 
products that can be used for bigger water reservoirs. Most of these products contain either 
calcium hypochlorite or sodium hypochlorite and the dose differs depending on how much 
water that needs to be purified as well as the time the water should be left to settle after 
application before consumption [Worm & van Hattum, 2006]. 

If the water is turbid or coloured the user may double the chlorine dosage [Salvato, et al., 
2003] but this action should only be taken in emergencies when other water sources with 
better quality cannot be found. Chlorine is more effective in water with low pH and low 
turbidity plus also in warm water of about 20 °C rather than in cold water. 

Additional notes 
Using chlorination as purifying method is very cheap but as mentioned the issues of taste 
and smell may be the reason why most people choose to boil their water instead. In 
interviews farmers have also expressed their concern about using chemicals in their drinking 
water which is highly reasonable with reference to that chlorine may cause illness when 
applied in the wrong doses. There have been discussions about chlorination by-products 
being carcinogenic but the evidence is inadequate [IARC, 1991] and chlorination of drinking 
water is still used by both developed and developing societies today. 

4.5.3. Flocculation 

Flocculation and sedimentation is a simple and effective way of purifying drinking water 
using flocculent agents, e.g. iron sulphate or crushed Moringa seeds. 

Suitability 
If the user cannot obtain clear water then flocculation is a good purification method because 
of its ability to purify very turbid water. It is probably best used for amounts of about 20 
litres or smaller because after application of flocculation agents the water needs to be 
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filtrated, which might be hard to do using bigger reservoirs. With this in mind it might be 
safe to say that flocculation, although being simple but sometimes a rather long-winded 
process, is best suited for water harvesting techniques gathering water with high turbidity. 
Examples of such techniques are ground catchments and earth dams. 

Advantages 
Products containing flocculation agents meant for drinking water purification, which are sold 
in the markets in the Western and Nyanza provinces, e.g. PUR®, are efficient and easy to use 
with the instructions given on the packets. Flocculation using Moringa seeds is another 
method used by farmers mainly because they can grow it themselves and it is very effective. 
There are varieties of Moringa trees but this caption will only deal with the Moringa oleifera. 
Moringa oleifera trees can be planted by farmers themselves and it is said to give fruit within 
12 months after plantation [Folkard, et al., 1997]. Other than for water purification the tree 
can for example produce oil for cooking, be used as animal fodder or as fuel wood. 

Construction and handling 
A 12-pack of PUR® costs about 80-90 KES (8.40-9.40 SEK (3rd Jun 2010)) in the Western and 
Nyanza provinces and can purify up to 120 litres of water (10 litres per pack). The 
instructions given on the packet can be seen in the photo (figure 11) below. 

 

Figure 11. PUR® water purifier instructions on the product’s packet. Photo: Anders Odevik, 2010. 

When using Moringa oleifera seeds it is preferred to follow the steps in table 3 and dosage in 
table 4, given by Folkard [1997, pp.110-111]. 
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Table 3. Moringa water purification steps [Folkard, 1997]. 

(1) Seed pods are allowed to mature 
and dry naturally to a brown colour on 
the tree. 

 

(2) The seeds are removed from the 
harvested pods, and shelled. 

 

(3) The seed kernels are crushed and 
sieved (0.8 mm mesh or similar). 
Traditional techniques used to produce 
maize flour have been found to be 
satisfactory. 

(4) The finely crushed seed powder is 
mixed with clean water to form a paste, 
and is then diluted to the required 
strength. Dosing solutions can be 
prepared from 0.5 to 5 % concentration 
(i.e. 0.5 to 5 g/l). 

 

(5) Insoluble material is filtered out using 
either a fine mesh screen or muslin cloth. 

 

 (6) The solution is ready for use. 

 

Table 4. Moringa dose requirements as a function of raw water turbidity [Folkard, 1997]. 

 

 

 

 

 

If a person is interested in using Moringa oleifera seeds as purification method but do not 
know the turbidity of their water it might be useful to look in table 2 where turbidity is 
presented for the different water sources taken in Muhoroni, Nyanza, to compare with their 
own water source. 

Additional notes 
In field a farmer used Moringa oleifera, Moringa stenopetala, Solar Water Disinfection 
(SODIS), see chapter 4.5.5, and boiling to purify drinking water. He preferred using Moringa 
stenopetala over oleifera stating it was more efficient but he only used Moringa when the 
water was too turbid to be purified by SODIS. The reason being that the procedure of 
purifying the water using Moringa is quite time consuming and the drinking water does not 
taste very natural. When asked why he did not use PUR® he stated that “I don’t like using 
chemicals in my water”. 

4.5.4. Solar cookers 

Solar cookers use the radiation energy from the sun to pasteurise water for drinking and 
other ends that require clean water. There are three major types of solar cookers; box 
cookers, curved concentrator cookers and panel cookers – each with many varieties [Solar 
Cookers International, 200?]. 

Raw water 
turbidity (NTU) 

Dose range mg/l 

< 50 10 - 50 

50 – 150 30 - 100 

> 150 50 - 200 
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Suitability 
Suitable for the users addressed by SCC-Vi Agroforestry is an affordable and widely available 
type of solar cooker. In 1994, the organisation Solar Cookers International summoned a 
group to develop a simple, yet efficient and affordable solar cooker. The result was CooKitTM, 
an ingenious design based on the French scientist Roger Bernard’s concept [The Solar 
Cooking Archive, 200?a]. The CooKitTM, see figure 12 (photos), is the most suitable solar 
cooker, with reservation for its limited capacity, alas one CooKitTM can only purify one 
regular sized pot of water at a time. This limitation makes CooKitTM unsuitable for purifying 
water for other purposes than drinking. 

Advantages 
In an interview with a farmer using CooKitTM, the advantages mentioned were that the 
equipment was cheap, easy to use, and easy to keep clean, it did not need watching when in 
process and it saved time. There are many other advantages to this method, especially when 
comparing to boiling. There is no additional cost for fuel; the sun is the only source of 
energy. No odour or bad taste from chemicals or smoke is probably one of the most popular 
benefits. The CooKitTM can aside from pasteurising water also prepare food and is good at 
retaining nutrients and vitamins. According to The Solar Cooking Archive [200?a] the 
CooKitTM saves more than four times its value in firewood each year with normal use. When 
used together with a water pasteurisation indicator (WAPI), it is easy to know when the 
water is safe for drinking [The Solar Cooking Archive, 200?b]. Both the CooKitTM and the 
WAPI can be purchased from Solar Cookers International. 

Construction and handling 
A CooKitTM set contains a box shaped cardboard with reflecting foil, a black painted pot with 
lid, transparent heat-resistant plastic bags to retain heat, something that slightly elevates 

the pot from the bottom (like the three pieces of wood 
depicted in figure 12) and a WAPI. 

Using the CooKitTM for purifying water will only work when 
placing it in the sun. First put an amount of water and the 
WAPI into the pot, and then put on the lid. Secondly, tie a 
transparent plastic bag over the pot and place it elevated 
on the bottom of the CooKitTM. Now the solar cooker can be 
left unattended. It usually takes about an hour to reach 
pasteurisation temperature, but the time can be halved or 
doubled depending on sun intensity. When the pot seems 
hot it is time to check the WAPI. If the vegetable wax in the 
WAPI has melted, the water has been purified from 
pathogens through pasteurisation. The vegetable wax in the 
WAPI melts at about 70 °C [Solar Cookers International, 
200?]. As all harmful pathogens are inactivated already at 
65 °C, when the temperature has reached 70 °C the lethal 
exposure time will have been enough to consider the water 
safe. The wax solidifies when the temperature goes down 
and so the WAPI can be reused again and again. 

Figure 12. CooKit solar cooker and WAPI. Photos: Christian Nordström, 2010. 
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Maintenance and important notes 
The durability of the CooKitTM will depend on how well it is being taken care of. When not in 
use it should be wiped clean, folded and stored indoors. 

When it is too cloudy or dark the solar cookers cannot obtain pasteurisation temperature. 

Additional notes 
A complete CooKitTM set (WAPI and black pot included) was bought for 1150 KES (120 SEK 
(3rd Jun 2010)) from a local NGO called FOTO (Friends of the Old) based in the area around 
Katito, 30 minutes east of Kisumu. The members of FOTO were promoting CooKitTM and 
were not very fond of the SODIS method, see chapter 4.5.5, since it does not have any 
indication whether the water has been exposed to the sun long enough. 

The CooKitTM-using farmer visited had been using the same equipment for five years and it 
was still in reasonably good shape. Specifications from Solar Cookers International state a 
two year life span with careful handling [The Solar Cooking Archive, 200?a]. 

Complete instructions for making and using a solar cooker can be found here: 
http://solarcooking.org/plans/Plans.pdf 

4.5.5. Solar Water Disinfection also known as SODIS 

SODIS purifies water by using the UV-radiation from the sun with help from the reaction 
with dissolved oxygen in the water. To contain the water, simple and cheap transparent PET-
bottles, usually imprinted with the abbreviation PETE on the bottom, can be used over and 
over again [Meierhofer & Wegelin, 2002]. PET and PETE both represent the same material, 
polyethylene terephthalate, and the added E in PETE is used for some recyclable containers 
[NAPCORTM, n.d.]. The SODIS method is an initiative by Eawag, the Swiss Federal Institute of 
Aquatic Science and Technology, and endorsed by WHO and UNICEF [SODIS, 200?a]. 

Suitability 
The method of SODIS is suitable when the initial cost must be low. All that is needed to set 
up the purification method is to retain a simple used PET-bottle. SODIS is ideal for purifying 
small quantities of clear water, recommended is water below 30 NTU [Meierhofer & 
Wegelin, 2002]. Other uses than for drinking water is not recommended because of the 
method’s limited capacity. 

Advantages 
In an interview with a farmer using SODIS, the advantages mentioned were that it was cheap 
and easy to use and also that it actually worked. In a report by WHO [2007] the author 
states: “Solar disinfection is an example of another measure with proven health impact that 
requires little capital investment on the part of end-users, and is thus appropriate for the 
very poor”. As for other methods using the sun it does not need watching when in process 
and therefore saves time. There are many other advantages to solar methods, especially 
when comparing to boiling. There is no additional cost for fuel; the sun is the only source of 
energy. No odour or bad taste from chemicals or smoke is probably one of the most popular 
benefits. 

 

 

http://solarcooking.org/plans/Plans.pdf
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Construction and handling 
The SODIS method is set up with a small sealed water container and a roof or equivalent for 
placement of the container in the sun. The surface of this roof-equivalent should preferably 
be made of corrugated iron in order to reflect the UV-rays. The water container must be 
transparent, although a small bluish tinge in PET-bottles is accepted. Other containers than 
PET-bottles can also be used, e.g. glass bottles or certain plastic bags, but the depth of the 
water in the container must be kept low; therefore for example when using PET, the bottles 
must not hold more than 3 litres [SODIS, 200?b]. 

To use SODIS in order to purify water, wash the bottle well the first time it is being used, 
then fill the bottle with clear water, expose the bottle to sunlight for 6 hours or for 2 days in 
a row if the weather is cloudy and the water should be safe to drink. 

Maintenance and important notes 
The durability of the bottles depends on the bottles initial state and on how careful it is 
being handled. The life span is estimated to 6 months if the bottle is being used every day. 

Recontamination of the water in the bottle is always a possibility. Avoid touching the 
opening if the bottle is to be stored for some time. Always rinse the bottle with some clean 
water between usages for purification. 

When it is dark the SODIS method has no effect on the quality of the water. 

PVC-bottles can have negative health impacts and should not be used [SODIS, 200?c]. 

Additional notes 
The members of FOTO, promoting CooKitTM, were not very fond of the SODIS method since it 
does not have any indication whether the water has been exposed to the sun long enough. 
When following the recommendations there is lots of securing evidence on the method’s 
effectiveness but in practice it is understandable if the user will have doubts. 

It should be noted that SODIS has no effect on the chemical composition of the water; it only 
affects the microbial content. 

Some health concerns with using PET-bottles have been expressed due to migration of 
plasticisers and other chemicals into the water. This has been proven to pose no risk for 
users of SODIS [Schmid, et al., 2008]. 

Elaborate training and educational material for the SODIS method can be easily accessed at: 
http://www.sodis.ch/methode/anwendung/ausbildungsmaterial/index_EN 

4.5.6. Solvatten® 

Solvatten® is a patented household water treatment product from Solvatten® AB. The 
technology is very simple and there are no chemicals involved. By only using the heat and 
the UV-light from the sun a unit can purify 10 litres of water at a time. It takes about 2–6 
hours for the water to be potable depending on the weather but to be safe an indicator 
shows when the unit is done purifying the water. The conclusion drawn in studies is that the 
unit can in average be used twice per day, sometimes trice [Åhman, n.d.]. 

 
 

http://www.sodis.ch/methode/anwendung/ausbildungsmaterial/index_EN
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Suitability 
Because of its limited size Solvatten® is suitable for purifying drinking water only. In the 
report: Solvatten – Pilot Market Report, author J. Åhman states that one of the aims with the 
report is to look upon the possibilities for Solvatten® to decrease the firewood consumption 
for the people who today boil their water. A conclusion taken from this is that the main idea 
with Solvatten® is to substitute the act of boiling to get pure water. 

Advantages 
The main advantage using Solvatten® is that it is very easy to use and maintain. Also, there is 
no additional cost apart from the investment else then the changing of a piece of filter, once 
in a while, which is considered cheap. As mentioned, the unit can be used in average twice 
per day but according to studies made by Åhman [n.d.] it is stated that even if there is not 
enough sunlight to purify the water a third time, people use the water that has been heated, 
but not fully purified, in the unit for cooking and bathing. This reduces the firewood 
consumption and time spent in the kitchen. It is also said that the taste is not influenced in 
the purification process comparing to, for example, boiling or chlorination. 

Construction and handling 
The Solvatten® unit is planned to be sold in Kenya for the initial price of about 4000 KES (420 
SEK (3rd Jun 2010)) in the future. 

See the photo in Appendix I for instructions on how to use a Solvatten® unit. Please note 
that the picture is taken on a test-unit found in field (12th of May 2010). The final unit going 
for sale might have modifications. 

The inlet should be cleaned every day and the whole unit should be cleaned once in a week 
in order to work properly. 

Additional notes 
To buy a Solvatten® unit is quite a big investment as the participants in the study made by 
Åhman [n.d.] is said to have an average household income of 4600 KES (480 SEK (3rd Jun 
2010)) per month. Therefore it is important for the people to be able to repair the unit if it 
breaks. That leads to what can be seen as the biggest disadvantage with the Solvatten® unit; 
replaceable parts might be hard to find and people are not educated to repair the unit 
themselves. 

Another problem is the fact that a Solvatten® unit only can purify 10 litres at a time and in 
average twice per day depending on weather [Åhman, n.d.]. According to interviews 20 litres 
of purified water can be enough for some households but in average it is too low considering 
the fact that the household target group in average has about nine family members. So in 
conclusion it can be said that one Solvatten® unit can be enough for small households but 
when it comes to bigger family sizes it could be recommended to invest in another 
purification method. 

4.5.7. Biosand filter 

Whereas rapid sand filtration and slow sand filtration usually refers to different large-scale 
water treatment systems, this report will refer to a slow sand filter adapted for domestic use 
in low-income countries, from here on mentioned as the Biosand filter. Rapid sand filters are 
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relying solely on physical contraption and adsorption of impurities and is usually used in 
combination with other treatment methods like flocculants. Conventional slow sand filters 
rely both on the contraption and adsorption and the biological activity in the top sand layer 
and they are operated with a constant flow of water. If the biological activity layer dries out 
it dies and then requires at least a week to be rebuilt. The Biosand filter, developed by Dr. 
Manz of the University of Calgary, has the ability of intermittent usage and does not require 
constant flow of water to maintain the biological activity layer [BioSandFilter.org, 2004a]. 

Suitability 
Biosand filters are suitable for every household with access to water with a turbidity of less 
than 50 NTU [Safe Water International, n.d.]. Although not ideal, combining with water 
clarification methods like flocculation or cloth filtration, lowering the turbidity to less than 
50 NTU makes the usage of Biosand filters with high turbidity water sources possible. No 
other unsuitable target group has been identified. 

Advantages 
The Biosand filter came out as the highest ranked method for water purification in this 
study, rewarded for its very high cost-efficiency, good capacity, long expected life span and 
ease of use. The cost of one unit varies from 10-100 USD (760-7600 KES, 80-800 SEK (3rd Jun 
2010)) according to a range of sources. Safe Water International [n.d.] suggests 12-30 USD 
(920-2290 KES, 95-240 SEK (3rd Jun 2010)). The usual flow rate when adding water for 
purification should be about 30 litres per hour. The filter does not only remove more than  
90 % of faecal coliform, it also has effect on the chemical content of the water; removing at 
least 95 % of zinc, copper, cadmium, lead and other suspended sediments. It is also 
removing 76-91 % of arsenic if present. 

Construction and handling 
A domestic Biosand filter can be made of various component 
materials and thereby obtaining various performance and 

durability. Moulds for building concrete filters can be bought 
from BioSandFilter.org. Other possible solutions are modified 

and cleaned oil drums or purpose-designed plastic filters. 
One ready-made product is the plastic HydrAid® Biosand 
Water Filter, it can be ordered without sand for about 32 
USD each (2450 KES, 260 SEK (3rd Jun 2010)) [Allam, et al., 
2010]. A complete set of filter with sand included should 

be 12-30 USD for concrete filters and about 75 USD for 
plastic filters [CAWST, n.d.]. 

The outline of the construction, see figure 13, is to begin with a 
container. The container is filled with different layers of sand; the 
bottom layer is made of gravel, on top of that layer is some 
coarse sand and then, on top, the main fine sand. The very top 
layer of the fine sand will trap organic material from added water 
and in one to three weeks a biological activity layer, also known 
as “schmutzdecke”, will be fully evolved in order to feed on any 
bacterial content of further addition of water. From the bottom 
of the container a piping is attached leading the outflow up to a 

Figure 13. ‘Cross-section drawing of a cement Biosand filter’, by Alexis Doucet [Wikimedia, 2010]. 
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level just above the biological layer in the container. In this way the biological layer is 
protected from lethally drying out [BioSandFilter.org, 2004a]. 

In order to use the Biosand filter all that is required is a fetching container at the filter outlet 
and adding the volume of water that needs purification into the filter. 

Maintenance and important notes 
When flow rate has decreased significantly the top layer of the filter needs cleaning. The 
recommended method for doing this without disturbing the biological layer is called “wet 
harrowing”. 

This is done by corking the outlet spout followed by filling the filter with a bucket of water. 
When this is done, the user should use the hand to create some turbulence in the water 
while avoiding touching the surface of the sand. The loosened accumulated dirt that swirls 
up can then be removed with a cup. By repeating the process for some time the most of the 
dirt can be removed and when removing the cork the flow should be restored to an 
acceptable rate [BioSandFilter.org, 2004b]. 

When the water it is too cloudy the filter will clog and will not be able to give a good 
operational result. 

Additional notes 
A thorough handbook for HydrAid can be found here: 
http://www.hydraid.org/pdf/HydrAidHandbook_English.pdf 

Training information for Biosand filters can be obtained here: 
http://bushproof.biosandfilter.org/assets/files/BushProof_ BSF_Training_schedule.pdf 

 

http://www.hydraid.org/pdf/HydrAidHandbook_English.pdf
http://bushproof.biosandfilter.org/assets/files/BushProof_BSF_Training_schedule.pdf
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5. Results and conclusions 

There are three main results to present; the recommended rainwater system, the user 
friendly introduction to the report and the dimensioning tool. When utilising these findings 
the client user will be able to plan economically in order to secure water assets throughout 
the year. The process and the methods of obtaining these results can be read in chapter 3. 

Rainwater harvesting technique and purification method of choice 
The ideal rainwater harvesting technique in the Western and Nyanza provinces, taking into 
account the availability, feasibility and water quality, is without doubt a roof catchment 
technique. It scored the highest weighed points in the concept selection matrix presented in 
appendix D. The preferred roof material is corrugated iron sheets and the preferred 
guttering and piping are made of plastic material, i.e. PVC, see the concept selection matrix 
presented in appendix E. In combination with a first flush diverting unit there is a good 
chance that the water can be consumable directly from the source, i.e. the chosen water 
reservoir. The water reservoir most suitable for this equipment when not considering the 
cost is made with brick masonry, though a possibly cheaper and more feasible solution is 
plastic tanks, see concept selection matrix in appendix F. 

When a roof catchment technique is used a befitting water purification method is one that 
does not affect the taste of the water but still serves with high efficiency in bacterial 
inactivation/removal. A Biosand filter has a slightly high initial cost but compensates with 
long life span and is the highest weighed scorer in the purification method concept selection 
matrix. The following methods on the scoreboard are the ones using the sun for 
pasteurisation, i.e. solar cookers like CooKitTM followed by Solvatten® and not very far 
behind is another method using the sun; SODIS, see appendix G. These methods all have a 
higher bactericidal effectiveness and can be highly recommended for a roof catchment 
technique. In comparison to boiling with bought firewood, for an average household 
purifying all the water harvested, a Biosand filter correspond to 0.19 % of the cost according 
to calculations in the dimensioning tool attached; see its manual in appendix J. The 
corresponding percentiles for CooKitTM, Solvatten® and SODIS are; 0.88 %, 0.96 % and 2.74 
%. These suggested methods can therefore reduce the cost of water purification and in time 
pay for the rainwater investment. 

The manual 
A manual inspired by the findings made in this report is developed. The manual is intended 
to be of help for SCC-Vi Agroforestry when informing farmers about rainwater harvesting. Its 
main purpose is to raise interest among the farmers about the advantages using rainwater 
harvesting as a supply for drinking water. The manual contains short texts about each 
rainwater harvesting technique along with illustrations. It also includes information about 
different purification methods appropriate for the harvesting techniques. The manual 
Introduction to Rainwater Catchment and Purification Systems suitable in the Western and 
Nyanza provinces, Kenya can be seen in Appendix K. 
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The dimensioning tool for rainwater catchment 
The purposes of the Dimensioning tool for RW-catchment attached to this report are 
principally three; to pose a factual basis for levelling off the water asset fluctuations with an 
efficient rainwater harvesting system, to get an appreciation of the using of first flush 
diversion and to indicate the economical importance of a befitting water purification 
method. A water asset example given from the dimensioning tool can be seen in figure 14. 
The inputs are for a family of six in Kisumu, with a horizontal roof surface area of 35 m2, a 
5000 litre water tank, 25 buffer days guarantied and a daily consumption of 11.3 litres per 
person. 

The tool is entirely developed as a part of this project; though there are other dimensioning 
tools, also made with excel spreadsheets, on the internet. These dimensioning tools have 
not been used as inspiration but rather been discovered in retrospect. The project 
dimensioning tool is more elaborated, conformal and user friendly in comparison. See the 
manual in appendix J. 

 

Figure 14. Water asset graph example from the dimensioning tool.  
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6. Discussion 

SCC-Vi Agroforestry works closely with farmers in order to inform and educate. We believe 
the findings made during this project have potential to be spread among these farmers with 
the help from SCC-Vi Agroforestry. The employees have several meetings with different 
groups of farmers and during these meetings they can discuss different matters and the 
manual; Introduction to Rainwater Catchment and Purification Systems suitable in the 
Western and Nyanza provinces, Kenya which can be of help during the meetings in order to 
raise interest for rainwater harvesting. 

The dimensioning tool developed is not made for the farmers to use themselves; the 
majority do not own a computer and do not possess the skills to use the program. What 
has been seen though, when in field, is that most households own at least one cell phone. 
One employee in the SCC-Vi Agroforestry office can be educated on how to use 
the dimensioning tool, preferably someone who knows Swahili, Luo and English. Farmers can 
then either give the input needed to the responsible field officer in the area (who then 
forwards it to the office) or call the office directly and get help on how they should 
dimension their rainwater harvesting system. 

Most people interviewed go to the river in order to fetch water, the water in the rivers is 
usually of very bad quality and the distance to the river can be long. Most rainwater 
harvesting systems will not cover the total daily consumption needed for the household but 
at least half of it. That means that half the amount of water has to be collected from other 
sources. Still, in these cases, practising rainwater harvesting will reduce the work load, 
saving time and strength for other constructive activities. And if the recommendations given 
in the dimensioning tool concerning the consumption amount is followed the household can 
have water in the tank all year round. 
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See following 5 pages. 
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Appendix B. Field Questionnaire - Rainwater catchment 

This research will be the basis of a weight assignation among those criteria that concern the 
development of a rainwater catchment system. Existing systems’ features are compared to ideal and 
the new system’s criterions are weighed against each other. 

Name of interviewer _______________________   Sheet No: ____         Date____________ 
 

1. Background information of the Respondent 

Name  Location  

Gender  Sub-location  

Family size  Village  

Notes 
 
 
 
 

 

2. Impact of Rainwater harvesting 

Responsible  No. of users  

Constructor  Cost  

Do you ever have to repair or change any parts? 
 
 

Are there any parts that often break? 
 
 

When it starts to rain, do you have to do something to start collecting water? 
 
 

Is there any part you need to clean often so the water doesn’t get dirty? 
 
 

Do you have anything to avoid collecting the first drops of rain, which sometimes are dirty? 
 
 

How much water do you collect from your own and other locations? 
 
 

How much time is spent each week collecting water from other locations? 
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Any other advantages or limitations of the rainwater harvesting technique? 
 
 

Why have some people not adopted this rainwater harvesting technique? 
 
 

Uses of water Technique of harvesting Approx. quantity Is it sufficient in 

Quantity Quality 

Drinking     

Crops     

Livestock     

Others     

Notes 
 
 
 
 

 

3. Criterions for a new rainwater harvesting technique 

Comparison 1 X 2 

 
Is it more important that the cost is low or that it can catch very much water? 

Cost - Capacity    

 
Is it more important that the cost is low or that it will be very durable? 

Cost – life span    

 
Is it more important that the cost is low or that it is easy to keep clean? 

Cost – cleaning    

 
Is it more important that it can catch very much water or that it will be very durable? 

Capacity – life span    

 
Is it more important that it can catch very much water or that it is easy to keep clean? 

Capacity – cleaning    

 
Is it more important that it will be very durable or that it is easy to keep clean? 

Life span – cleaning    
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4. Criterions for new gutters and pipes 

Comparison 1 X 2 

 
Is it more important that the cost is low or that it can catch all the water? 

Cost - Capacity    

 
Is it more important that the cost is low or that it will be very durable? 

Cost – life span    

 
Is it more important that the cost is low or that it is easy to keep clean? 

Cost – cleaning    

 
Is it more important that it can catch all the water or that it will be very durable? 

Capacity – life span    

 
Is it more important that it can catch all the water or that it is easy to keep clean? 

Capacity – cleaning    

 
Is it more important that it will be very durable or that it is easy to keep clean? 

Life span – cleaning    

 

5. Criterions for a new rainwater storing unit 

Comparison 1 X 2 

 
Is it more important that the cost is low or that it can store very much water? 

Cost - Capacity    

 
Is it more important that the cost is low or that it will be very durable? 

Cost – life span    

 
Is it more important that the cost is low or that it is easy to keep clean? 

Cost – cleaning    

 
Is it more important that it can store very much water or that it will be very durable? 

Capacity – life span    
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Is it more important that it can store very much water or that it is easy to keep clean? 

Capacity – cleaning    

 
Is it more important that it will be very durable or that it is easy to keep clean? 

Life span – cleaning    
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Appendix C. Field Questionnaire - Rainwater purifying 

This research will be the basis of a weight assignation among those criteria that concern the 
development of a rainwater purifying method. Existing methods’ features are compared to ideal and 
the new method’s criterions are weighed against each other. 

Name of interviewer _______________________   Sheet No: ____         Date____________ 
 

6. Background information of the Respondent 

Name  Location  

Gender  Sub-location  

Family size  Village  

Notes  
 
 

 
 

 
7. Impact of Water purifying 

Responsible  No. of users  

Constructor  Cost  

Does it sometimes stop working? 
 

 

Do you ever have to repair or change any parts? 
 

 

Are there any parts that often break? 
 

 

How often do you have to clean it? 
 

 

What do you do when you want to purify the water? 
 

 

How much purified water would you ideally have each day? 
 

 

Do you ever feel sick from drinking the water? 
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Any other advantages or limitations of the water purifying method? 
 

 

Why have some people not adopted this water purifying method? 
 
 

Uses of water Methods of purifying Approx. quantity Is it sufficient in 

Quantity Quality 

Drinking     

Crops     

Livestock     

Others     

Notes 
 

 
 
 

 
8. Criterions for a new water purifying method 

Comparison 1 X 2 

 

Is it more important that the cost is low or that it can purify very much water? 

Cost - Capacity    

 

Is it more important that the cost is low or that it will be very durable? 

Cost – life span    

 

Is it more important that the cost is low or that it is easy to keep clean? 

Cost – cleaning    

 

Is it more important that the cost is low or that it is easy to use? 

Cost – user friendly    

 

Is it more important that it can purify very much water or that it will be very durable? 

Capacity – life span    

 

Is it more important that it can purify very much water or that it is easy to keep clean? 

Capacity – cleaning    

 

Is it more important that it can purify very much water or that it is easy to use? 

Capacity – user friendly    
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Is it more important that it will be very durable or that it is easy to keep clean? 

Life span – cleaning    

 

Is it more important that it will be very durable or that it is easy to use? 

Life span – user friendly    

 
Is it more important that it is easy to keep clean or that it is easy to use? 

Cleaning – user friendly    
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Appendix D. Rain-harvesting concept selection matrix  
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Appendix E. Gutter material concept selection matrix  
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Appendix F. Water storage concept selection matrix 
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Appendix G. Purifying method concept selection matrix  

 



Optimal ways to harvest and purify rainwater 
Christian Nordström & Anders Odevik 

Appendix H. Costs and capacities 
13 Jun 2010 

 

 

 
55 

Appendix H. Costs and capacities 

Product Quantity Price 

Corrugated iron sheet 0,9144 x 0,762 m 1260 KES 

Cement 50 kg 800 KES 

Rope 1 m x ø1 cm 50 KES 

Nails 1 kg 130 KES 

Sealing 1 kg 450 KES 

Clay pot 20 ltrs < 400 KES 

Brick 1 piece 12 KES 

Pipes (4 inch)     

  Pressure 6 m x ø10 cm 2000 KES 

  PVC  6 m x ø10 cm 650 KES 

  angle 1 pce 250 KES 

  t-junction 1 pce 275 KES 

  stop 1 pce 350 KES 

Gutters     

  Metal (open ends) 1,8 m 350 KES 

  Metal (closed ends) 1,8 m 400 KES 

  Metal corner 1 pce 180 KES 

  Metal outlet 1 pce 400 KES 

  Metal hanging 1 pce 70 KES 
3 hangers is needed for 1,8m of metal guttering 

  Plastic (4 inch) 3 m 850 KES 

  Plastic corner 1 pce 650 KES 

  Plastic outlet 1 pce 650 KES 

  Plastic hanging 1 pce 250 KES 

Plastic tanks     

  10 000 ltrs 65 000 KES 

  8000 ltrs 54 000 KES 

  6000 ltrs 30 000 KES 

  5000 ltrs 28 000 KES 

  4000 ltrs 27 000 KES 

  3000 ltrs 17 500 KES 

  2300 ltrs 12 500 KES 

  1000 ltrs 5 900 KES 

  500 ltrs 3 600 KES 

  300 ltrs 2 500 KES 
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Appendix I. Instructions on how to use a Solvatten® unit 
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Appendix J. Dimensioning tool for rainwater catchment manual 

The purposes of the Dimensioning tool for RW-catchment are principally three; to pose a 
factual basis for levelling off the water asset fluctuations with an efficient rainwater 
harvesting system, to get an appreciation of the using of first flush diversion and to indicate 
the economical importance of a befitting water purification method. 

There are four worksheets within the excel document; Dimensioning tool, Rain statistics, 
Costs etc. and Manual.  

 The worksheet Manual simply consists of a version of the information here. The 

worksheet is write-protected by default. 

 The worksheet Costs etc. consists of required cost figures for different commodities 

and required inner dimensions for 4” and 6” pipes. The input cells are coloured pink. 

Costs and inner dimension of available water pipes can be specified. Firewood for 

boiling, the most common purification method, is highlighted for being an object of 

comparison. The worksheet is write-protected, except for the input cells, by default. 

 The worksheet Rain statistics consists of collated rain data for different cities and 

villages and is drawn from different specified sources. The input cells are coloured 

pink. Rainfall and number of Wet days per month can be specified. Further rain 

statistics can be collated, using the same formatting, e.g. from the internet and 

national meteorological organisations or local water departments, hospitals and 

schools. Rain amounts can vary vastly within short distances depending on the shape 

of the landscape. Hence the location of the weather station should be taken into 

account [Gould & Nissen-Petersen, 1999]. If all else fails and there is no way to find 

statistics on precipitation for your area, 1063 mm average annual rain falls over the 

whole of Kenya. That is 88,6 mm per month [NationMaster.com, n.d.]. The input cells 

can be copied and pasted into the Dimensioning tool worksheet. The worksheet is 

not write-protected by default. 

 The worksheet Dimensioning tool consists of water data and calculations drawn 

thereby. The input cells are coloured pink. Rainfall, Wet days, Number of water users, 

Water demand per person per day, Horizontal roof surface, Tank size and Buffer 

assets can be specified. See the following detailed description on using the tool. The 

worksheet is write-protected, except for the input cells, by default. 

Using the tool 

Water data 

To begin with the rain statistics relevant for the client shall be added under the headlines 
Rainfall and Wet days. Wet days refers to days when the precipitation exceeds or is equal to 
0.25 mm and works in an effective way to sort out rains that, in a rainwater catchment 
perspective, are negligible. Gathered local statistics can be saved in the Rain statistics 
worksheet for later reuse.  
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When the rain data is specified a series of calculations are made automatically under the 
subsequent headlines; Water demand, Water runoff, Balance, Water assets and In tank. 

 Water demand is calculated by multiplying the days in a month with Total water 

demand/day, found under the headline Catchment calculations. 

             

 

 Water runoff is calculated by multiplying the data under the headline Rainfall with 

the 80 % effective roof surface area, found under the headline Catchment 

calculations. One millimetre of rain on one square metre roof surface equals one litre 

[Alvarez, 2006]. There is one of the Water runoff headlines calculating with first flush 

excluded and a second one without this subtraction. The subtraction is drawn from 

the calculation with the multiplication of a pollution factor of 1.25 and Horizontal 

roof surface, found under the headline Catchment calculations and the data under 

the headline Wet days. 

                               

                 
 

 Balance is calculated twice by subtracting each Water runoff with Water demand. 

                       

                     
 

 Water assets is conditionally calculated twice by adding the water in the tank Year 2 

with the used Water demand if there is water in the tank, otherwise it is simply equal 

to the Water runoff. 

                                                                    

                                                                    

 

 In tank (year 1 & 2) is restrictedly calculated twice by setting minimum to zero and 

maximum to Tank size, found under the headline Catchment calculations, and by 

adding Balance to the In tank of the previous month. 

                                                

                                               

Catchment calculations 

Once the water data is specified it is time to work the catchment calculations. The client 
needs to contribute with some of the input values under the headline Catchment 
calculations. The input values are Number of water users, Water demand per person per day, 
Horizontal roof surface, Tank size and Buffer assets.  

 Number of water users usually represents the family size but if for some reason the 

client wants to know how many users can use a certain amount of water this input 
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can be left untouched until the rest of the inputs are made and then calculated by 

clicking the assigned Calculate button – either excluding or including first flush water. 

 Water demand per person per day represents the amount of water, in litres, each of 

the water users can withdraw from the tank each day. If the client is uncertain or 

restricted to other inputs this input can be left untouched until the rest of the inputs 

are made and then calculated by clicking the assigned Calculate button – either 

excluding or including first flush water. As a guideline Howard and Bartram [2003] 

has a recommended minimum for water consumption at 7.5 litres per capita per day. 

The minimum for consumption and hygiene would be 20 litres per capita per day. 

Normal for consumption and hygiene is as high as 50 litres per capita per day. 

 Horizontal roof surface represents the area, in square metres, of the roof parallel to 

the ground. If the roof is not built yet this input can be left untouched until the rest 

of the inputs are made and then the minimum required size can be calculated by 

clicking the assigned Calculate button – either excluding or including first flush water. 

 Tank size represents the volume, in litres, of the reservoir used to contain the water 

harvested. If the tank is not built or bought yet this input can be left untouched until 

the rest of the inputs are made and then the minimum required size can be 

calculated by clicking the assigned Calculate button – either excluding or including 

first flush water. 

 Buffer assets represents the number of days the tank should be able to provide water 

without refilling rainfalls. The input can be appreciated with experience from the 

client or be left untouched until the rest of the inputs are made and then the 

maximum amount of days without rain can be calculated by clicking the assigned 

Calculate button – either excluding or including first flush water. 

When the catchment data is in place Water demand, Water runoff, Balance, Water assets 
and In tank are updated automatically and calculated in the manner previously described. 
There are four automatically updated formulas under the Catchment calculations headline; 
Total water demand per day, 80 % effective roof surface, Least amount in tank and Desired 
buffer assets. 

 Total water demand per day is calculated by multiplying Number of water users with 

Water demand per person per day. 

            

 

 80 % effective roof surface is calculated by multiplying a runoff coefficient of 0.8 

[Gould & Nissen-Petersen, 1999], used for corrugated iron sheets, with Horizontal 

roof surface. 
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 Least amount in tank is calculated twice by searching for the minimum value under 

each of the in tank Year 2 headlines. 

                                            

                                            

 

 Desired buffer assets is calculated once, but separated into two adjacent cells, by 

multiplying Buffer assets with Total water demand per day. 

               

When operating the calculation buttons the goal seeking function tries to even out the Least 
amount in tank with Desired buffer assets. When they are even the system has maximum 
efficiency for the inputs given. Calculations cannot be made if the desired inputs are 
impossible to achieve. These attempts will get an error message accordingly. 

Water assets 

The water assets are illustrated in the graphs Water assets when diverting first flush and 
Water assets when not diverting first flush. The black bar represents the monthly water 
usage (Water demand), the blue bar represents the monthly available water (Water assets) 
and the red trend curve shows the variations of harvestable water (Balance).  

First flush diversion system 

Under the headline First flush diversion system a few automatic calculations have been 
made. 

 Water diversion per wet day represents the amount, in litres, of impure water each 

wet day that is conducted into the first flush diverter before the water is clean 

enough to enter the tank. It is calculated by multiplying a pollution factor of 1.25 with 

Horizontal roof surface. 

              

 

 Water diversion per year represents the amount, in litres, of impure water each year 

that is conducted into the first flush diverter. It is calculated by multiplying the wet 

days in a year with Water diversion per wet day. 

                    

 

 Downpipe dimension represents the dimension, in inches, of the downpipes used for 

the first flush diversion system. It is conditionally chosen to be either 4 inches or 6 

inches depending on the roof size. A roof size larger than about 40 square metres 

requires a downpipe dimension larger than four inch due to flow rate capacity, 

whereas six inch is enough for up to 110 square metres according to interpretations 

from Polypipe [n.d.]. 



Optimal ways to harvest and purify rainwater 
Christian Nordström & Anders Odevik 

Appendix J. Dimensioning tool for 
rainwater catchment manual 

13 Jun 2010 
 

 

 
61 

                                  

 

 Downpipe length represents the length, in metres, below the t-junction of the first 

flush diversion system that is needed to divert the volume of Water diversion per wet 

day. It is conditionally calculated by automatically choosing the corresponding Inner 

diameter of available pipes in the worksheet Costs etc. and then converting the 

diameter in inches to radius in decimetres followed by dividing Water diversion per 

wet day with the multiplication of pi with the radius squared times 10. The diversion 

with 10 converts the length from decimetres to metres. 

                                      
      

     
    

  

 Ideal self-draining represents the flow rate, in decilitres per 15 minutes, which would 

empty the content of the first flush diversion system in three days. It is calculated by 

converting Water diversion per wet day from litres to decilitres and dividing it by the 

amount of quarter hours in three days. 

       
         

      
  

 

 First flush diversion cost represents the sum of the costs for the First flush parts 

specified in the Costs etc. worksheet, depending on the length and dimension of the 

downpipe calculated. 

 

Purification cost according to yearly water demand 

Under the headline Purification cost according to yearly water demand a few automatic 
calculations have been made of the different purification methods’ costs, relative costs and 
yearly consumptions. The consumption is calculated with the assumption that all the water 
under the headline Water demand should be purified with the method. The costs are based 
on the consumption and the inputs under the headline Purification unit in the Costs etc. 
worksheet. The relative costs are percentile costs compared to firewood for boiling. 
Firewood for boiling, the most common purification method, is highlighted for being an 
object of comparison. 
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Appendix K. Introduction manual 
 
See following 8 pages. 



Please note
The authors of this document have been researching catchment methods, storing 
vessels and purification techniques for rainwater in literature and on location in 
the Western and Nyanza provinces. This is a summary of the report Optimal ways 
to harvest and purify rainwater in the Western and Nyanza provinces, Kenya. If 
more information is needed concerning the different systems please refer to 
that report.

Compiled by students at 

the University of Skövde 

in cooperation with

SCC-Vi Agroforestry

Introduction to

Rainwater Catchment and 
Purification Systems

suitable in the Western and Nyanza provinces, Kenya

VI Agroforestry
Programme



w w w. s c c p o r t a l . o r g w w w. h i s . s e

There are several different rainwater catchment techniques well used today around the 
world. This document focuses on summarizing techniques such as; Roof catchment; 
Purpose-built catchment; Ground catchment; Rock catchment and Tree catchment. It 
also gives examples on several purification methods that are proven efficient for purify-
ing rainwater. The authors hope that the information given will inspire people on how 

to use rainwater harvesting as a source of drinking water for their household.

“when the well is dry, we 
know the worth of water”

- Benjamin Franklin

Design and Layout:
Anders Odevik & Christian Nordström



Roof and purpose-built catchment

The first flush diverter
The initial drops of water when it starts to rain accumulate filth at the run-
off surface. The filth can be of different origin, e.g. bird dropping, dead 
insects, leaf debris, dust etc. and if lead into the water tank it contaminates 
the content. These initial drops are known as the “first flush”.
A first flush diverter can be used to redirect these first drops of rainwater. 
The amount of water that needs to be diverted depends on the size of 
the catchment area. When applied and maintained properly a first flush 
diverter reduces the risk of contamination substantially.
See picture above for a layout of a simple and effective first flush diverter. 
This construction is fully automatic and will only require two things; unfre-
quently washing out sediments from the bottom and sometimes wiping 
off the screening mesh. The total cost and the needed length of downpipe 
depends on the roof size, please contact SCC-Vi Agroforestry for help with 
deciding the size of your first flush diverter.
When rainfalls are very scarce it might be better to omit this technique in 
order to fetch as much water as possible, although a screening mesh is 
always recommended somewhere between the gutters and the tank.

 Roof and purpose-built catchment are 
ways to construct an elevated catch-
ment area and lead the rainwater into 
a container.
Suitable are all houses with the roof 
made of either iron sheets or tiles. De-
pending on the size of the catchment 
surface the amount of water collected 
varies plenty and in most cases the wa-
ter collected is enough to be used for 
drinking, domestic needs and some 
livestock.
The quality of the water differs depend-
ing on the maintenance by the owner. 
In most cases the quality is very good, 
especially if a first flush diverter is used.
It is important that the gutters slope 
towards the tank so there is no water 
sitting. The gutters and catchment area 
should also be cleaned from leaves, bird 
dropping and other external debris ev-
ery once in a while.
In order to avoid algae growth; keep 
out sunlight by keeping the reservoir 
lid closed. This is also recommended to 
prevent mosquito breeding.
If you are interested in using roof 
catchment or a purpose-built catch-
ment, please contact SCC-Vi Agrofor-
estry for help with deciding the size 
of your tank, first flush diverter and 
catchment area.
Recommended purification methods: 
Biosand filter, SODIS, Solar cooker, Sol-
vatten, flocculation or chlorination.

ATTENTION: If any family member 
is HIV-positive boiling of the drink-
ing water is mandatory, even if a 
first flush diversion is used.



Recommended purification method: Flocculation or Biosandfilter 
where the water has been pre-filtered to a turbidity below 50 NTU.

 Ground catchment refers to the practice 
of collecting runoff water from a natural 
or constructed ground levelled surface 
leading to an underground tank. 
Mainly suitable for households with high 
water quantity demands, where available 
roofs have incompatible design or are 
too small for roof catchment. The water 
is suitable for most purposes but requires 
purification when applied as drinking 
water.
The catchment surface must at all direc-
tions slope slightly towards the under-
ground tank and can, amongst other al-
ternatives, be made of cement or tarmac. 
A natural surface for catchment is not 
recommended but when used; a packed 
impervious soil would be preferred.
If you are interested in ground catch-
ment, please contact SCC-Vi Agroforest-
ry to use a dimensioning tool for help 
with deciding the size of your tank and 
catchment area.

Ground catchment

Tree catchment

 Tree catchment is mainly suitable as a small comple-
ment to other sources of water. It has limited capacity 
for collecting water but the practice does not require 
any real investment and it is also quite versatile. Al-
though not as pure as water from iron roofs the water 
collected from trees has good quality.
To lead the water off the tree a banana leaf or a metal 
funnel can be attached to the trunk and conducted to 
the water reservoir.
If used for drinking water, purification is mandatory. 
Recommended purification methods: Flocculation or 
if the water is clear enough then Biosand filter, SODIS, 
Solar cooker, Solvatten 
or chlorination can be 
used.

ATTENTION: If any fam-
ily member is HIV-positive 
boiling of the drinking 
water is mandatory.



The main advantage when 
using rock catchment is the 
potential quantity that can 
be collected because of the 
large catchment surface used. 
Depending on the surround-
ings the water quality differs 
and it is important to keep the 
catchment surface as clean as 
possible.
Recommended purification 
method: Flocculation or Bio-
sandfilter where the water 
has been pre-filtered to a tur-
bidity below 50 NTU.

Rock catchment & Earth dam 

 Rock catchments feature a 
catchment surface and a dam, 
which obstructs the flow, to 
create a reservoir.
It is suitable almost everywhere 
when there is a surface leading 
rainwater down into a natural 
hollow or valley where a dam 
can be constructed to store the 
water. 

ATTENTION: If any family 
member is HIV-positive boil-
ing of the drinking water is 
mandatory.



Purification methods

Chlorination  
Although chlorination affects the taste and smell of the water it is one of the most efficient ways to purify drinking 
water.  It works best for fairly clear water and it is cheap and easy to obtain. Beyond this it is rather easy to use but 
what is important to note is that misuse leading to over-application can cause health problems.
Products such as Aquaguard and Waterguard are easy to obtain in the Western and Nyanza provinces. Instructions 
are shown on the packet and easy to follow and understand.

Flocculation  
Flocculation is a simple and effective way of purifying drinking water using flocculent agents, e.g. iron sulphate or 
crushed moringa seeds.
If the user cannot obtain clear water, then flocculation is a good purification method because of its ability to purify 
very turbid water. It is probably best used for amounts of about 20 litres or smaller because after application of floc-
culation agents the water needs to be filtrated, which might be hard to accomplish using bigger reservoirs. PUR 
contains iron sulphate and is used as a flocculation agent. It can be bought in the Western and Nyanza provinces 
and instructions on how to use it are given on the packet. Another method is to use crushed Moringa oleifera seeds 
which are possible to grow yourself.

Solvatten
Solvatten is a patented household water treatment product from Solvatten AB. The technology is very simple and 
there are no chemicals involved. By using only the heat and the UV-light from the sun a unit can purify 10 litres of 
water at a time. It takes about 2 – 6 hours for the water to be potable depending on the weather but to be safe an 
indicator shows when the unit is done purifying the water. In average the unit can be used twice per day. Because 
of its limited size Solvatten is suitable for purifying drinking water only.
Solvatten is very easy to use and maintain. Also, there is no additional cost apart from the investment else then the 
changing of a piece of filter once in a while, which is considered cheap. It is also said that the taste is not influenced 
in the purification process comparing with, for example, boiling or chlorination.

SODIS
SODIS purifies water by using the UV-radiation from the sun with help from the reaction with dissolved oxygen in 
the water.  To contain the water, simple and cheap transparent PET-bottles, usually imprinted with the abbreviation 
PETE on the bottom, can be used over and over again.
The method of SODIS is suitable when the initial cost must be low. SODIS is ideal for purifying small quantities of 
fairly clear water. Other uses than for drinking water is not recommended because of the method’s limited capac-
ity. The SODIS method is set up with a small sealed water container and a roof or equivalent for placement of the 
container in the sun. The surface of this roof equivalent should preferably be made of corrugated iron in order to 
reflect the UV-rays. The water container must be transparent, although a small bluish tinge in PET-bottles is ac-
cepted. Other containers than PET-bottles can also be used, e.g. glass bottles or certain plastic bags, but the depth 
of the water in the container must be kept low; therefore for example when using PET, the bottles must not hold 
more than 3 litres.
To use SODIS in order to purify water, wash the bottle well the first time it is being used, then fill the bottle with clear 
water, expose the bottle to sunlight for 6 hours or for 2 days in a row if the weather is cloudy and the water should 
be safe to drink. 
Recontamination of the water in the bottle is always a possibility. Avoid touching the 
opening if the bottle is to be stored for some time. Always rinse the bottle with some 
clean water between usages for purification. When it is dark the SODIS method has 
no effect on the quality of the water and PVC-bottles can have negative health im-
pacts and should not be used.

ATTENTION: If any fam-
ily member is HIV-positive 
boiling of the drinking wa-
ter is mandatory.



Biosand filter
Biosand filters are suitable for every household with access to water with a turbidity of less than 50 NTU. Although 
not ideal, combining with water clarification methods like flocculation or cloth filtration, lowering the turbidity to 
less than 50 NTU makes the usage of Biosand filters with high turbidity water sources possible.
The Biosand filter does not only remove more than 90 % of faecal coliform, it also has effect on the chemical con-
tent of the water; removing at least 95 % of zinc, copper, cadmium, lead and other suspended sediments. It is also 
removing 76-91 % of arsenic if present.
A domestic Biosand filter can be made of various component materials and thereby obtaining various perfor-
mance and durability.
The outline of the construction is to begin with a container. The container is filled with different layers of sand; the 
bottom layer is made of gravel, on top of that layer is some coarse sand and then, on top, the main fine sand. The 
very top layer of the fine sand will trap organic material from added water and in one to three weeks a biological 
activity layer will be fully evolved in order to feed on any bacterial content from further addition of water. From the 
bottom of the container a piping is attached leading the outflow up to a level just above the biological layer in the 
container. In this way the biological layer is protected from lethally drying out.
In order to use the Biosand filter all that is required is a fetching container at the filter outlet and adding the volume 
of water that needs purification into the filter.

Solar Cookers
Solar cookers are using the radiation energy from the sun to pasteurise water for drinking and for other ends that 
require clean water. There are three major types of solar cookers; box cookers, curved concentrator cookers and 
panel cookers – each with many varieties.
Suitable for the users addressed by SCC-Vi Agroforestry is an affordable and widely available type of solar cooker; 
CooKit which can be bought for about 1150KES from, for example, a local NGO called FOTO (Friends of the Old) 
based in the area around Katito, 30 minutes east of Kisumu.
A CooKit set contains a box shaped cardboard with reflecting foil, a black painted pot with lid, transparent heat-
resistant plastic bags to retain heat, something to slightly elevate the pot from the bottom (e.g. small pieces of 
wood) and a water pasteurisation indicator (WAPI).
To use the CooKit in order to purify water, first put any amount of water and the WAPI into the pot, and then put 
on the lid. Second, tie one transparent plastic bag over the pot and place it elevated on the bottom of the CooKit 
cardboard. The CooKit will only work when placed in the sun. Now the solar cooker can be left unattended for a 
while. When the pot seems hot it is time to check the WAPI. If the vegetable wax in the WAPI has melted, the water 
has been purified from pathogens through pasteurisation.
The vegetable wax in the WAPI melts at about 70 OC. As all harmful pathogens are inactivated already at 65 OC, when 
the temperature has reached 70 OC the lethal exposure time will have been enough to consider the water safe. 
CooKit is cheap, easy to use, and easy to keep clean, it do not need watching when in process and it saves time for 
the user. There is also no additional cost for fuel; the sun is the only source of energy. No odour or bad taste from 
chemicals or smoke is probably one of the most popular benefits. The CooKit can aside from pasteurising water also 
prepare food and is good at retaining nutrients and vitamins.
The fact that it can only purify one regular sized pot of water at a time makes CooKit unsuitable for purifying water 
for other purposes than drinking. 
The durability of the CooKit will depend on how well it is being taken care of. When 
not in use it should be wiped clean, folded and stored indoors.
When it is too cloudy or dark the solar cookers cannot obtain pasteurisation tempera-
ture. 

ATTENTION: If any fam-
ily member is HIV-positive 
boiling of the drinking wa-
ter is mandatory.
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