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Summary 

 

The project developed during the 2009-2010 academic year was centred on water 

pasteurization. Throughout the research and development phase of the initial concept the 

project focus altered and encompassed a wider range of water treatment techniques ranging 

from the SODIS method to boiling water with fuel efficient Rocket stoves. During the six 

months prior to the work commencing in Nigeria a significant amount of research was 

conducted into creating an affordable solar thermal flow through water pasteurizer. This was 

proven to be unfeasible within the project budget due to the specialist parts required for the 

correct valve shut off time and large water storage containers. Concerns with the maintenance 

of the flow through water pasteurizer to prevent possible microbiological contamination 

encouraged the design of the batch solar cooker. This was confirmed during the time in 

Nigeria where it was clear that the flow through pasteurizer would inevitably be unaffordable 

for rural Nigerians. Alongside the construction of the batch solar cooker, the project was 

expanded to include a number of workshops and a water survey to evaluate the quality of a 

range of rural water sources. The survey of local water sources was conducted with the 

assistance of the Max Lock Centre demonstrating that the majority posed a very high risk of 

disease to the local population especially affecting children in the area. 

The workshops were designed to focus on instructing attendees in the various water 

disinfection and pasteurization methods. These were conducted in various villages and with a 

number of organisations in Kaduna state. The main principles behind them were affordability 

and simplicity since the lack of education in rural areas amongst the attendees made the 

understanding challenging. This was overcome with demonstrative workshops and the 

addition of information packs for each of the attendees for future reference.  
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1. Introduction 

 

This report will describe the work performed in Nigeria, Kaduna state on water sanitation 

education, solar workshops and solar water disinfection and pasteurization techniques. The 

motivation for this solar thermal based project arose through the author’s awareness of health 

problems in Nigeria. Specifically those that may be solved using low cost solar thermal 

techniques.  

The use of firewood as the principle fuel to satisfy all cooking, boiling and heating needs 

results in wide spread de-forestation and illness from indoor smoke pollution. Over 400 kg of 

wood is necessary per person per annum. Between 2000-2005, Nigeria had the largest rate of 

deforestation, losing over 55% of its primary forest in just five years. At the current rate of 

deforestation Nigeria will lose all its trees by 2020, this will result in greater rates of soil erosion, 

landslides during the rainy season. Ultimately it will reduce the amount of cultivable land for 

agriculture (Levy, 2004). The smoke and indoor pollution arising from firewood were held 

responsible for over 1.6 million deaths and 2.7% of the global burden of disease. In 2002 across 

Sub Saharan Africa the death toll due to indoor pollution had risen to 396 000, and with a 

prediction of over 200 million more people using solid fuel combustion in the developing world 

by 2030 to provide their energy needs this figure will inevitably rise. 

 The access to safe drinking water is often overlooked, but with 1.8 million deaths a year of 

which 90% of those are children under the age of 5, it is one of the largest problems faced by 

developing countries (WHO, 2004). The lack of piped water supplies and wide scale 

purification systems highlights the importance of point-of-use purification techniques. These 

include chlorination, filtration, boiling or pasteurization. In Sub-Saharan Africa, the potential 

of solar thermal energy is enormous allowing water to be pasteurized and meals to be 

prepared using solar cooking methods.   
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2. Water sources, contamination and problem characterization 

 

Introduction 

In the developing world the average child experiences 2.2 cases of diarrhoea per year 

(Snyder, et al., 1982) which, although not always fatal, often leaves the victim malnourished, 

weakened and vulnerable to other diseases. It is estimated that at any point in time there are 

one billion sufferers of waterborne diseases with 50% of all hospitalisations related to 

waterborne illnesses (Alwarcl, et al., 1994). In rural Nigeria, the access to safe or “improved” 

water supplies was reported at 31% (equal to that of Afghanistan), this is only superior to 

Congo, Niger, Ethiopia and Somalia globally. The definitions of safe or “improved” water 

supplies include household connections, protected wells and springs, boreholes and rainwater 

harvesting methods (The World's water, 2008). 

 

Literature review 

In rural Nigeria, it is rare to find a community or village using water from a piped, purified 

and protected system. The vast majority utilise water from streams, rivers and wells to satisfy 

their water requirements and the quality of the water varies between sources. The highest 

quality water source is considered to be protected spring water. Following this are boreholes 

which are machine drilled and tap underground water sources. The surface water filters down 

through layers of sedimentary rock which filters and removes any microbial contaminants. 

These are sealed with a hand operated pump on the surface. Although the water may have an 

unpleasant colour or odour they are generally free from any pathogenic or chemical 

contamination. This is since the surface of the borehole is sealed to prevent any risk of 

surface water entering the underground water source. Water obtained from boreholes 

therefore does not require any water treatment or disinfection unless the borehole has been 

compromised for example if any cracks or holes form on the surface surrounding the hand 

pump. Hand dug sealed wells are similar to boreholes where the surface has been sealed with 

cement and a hand operated pump is fitted to the source. These however may become 

contaminated from surface water through the upper sections of the well if it has not been 

correctly lined.  Shallow open wells are extremely susceptible to pathogen and chemical 

contamination from the surface. Since they are not sealed or raised above ground level 
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surface water which has been contaminated by faecal matter for example often washes into 

the well (particularly during flooding and the rainy season).  Open wells which have been 

raised above the ground are less susceptible to contaminated surface water however are still 

vulnerable to contamination from animal, bird or even human faeces. Finally streams, lakes 

and rivers are the most susceptible to both pathogen and chemical contamination since 

upstream contamination cannot be prevented or monitored.  

The majority of water related health problems are caused by microbial contamination and the 

potential risks of microbial contamination are such that measures to prevent contamination 

are of paramount importance (WHO, 2008). The World Health Organisation (WHO) defines 

that microbial hazards continue to be the primary concern in developing countries. In order to 

monitor water source quality a microbial indicator must be used to evaluate the pollution in 

water sources and the effectiveness of water treatment methods. Traditionally, faecal 

indicator parameters are used for example the presence of coliform bacteria (i.e. when faecal 

pollution is absent then other pathogens are also absent). Coliforms are present in the 

digestive tract of animals, humans and also in plants and soil matter. The coliform group of 

bacteria include faecal coliforms and E. coli which is the major species in the faecal coliform 

group (New York State Department of Health , 2004). Non-faecal coliform bacteria are 

generally harmless however some faecal coliform (E. coli) cause gastrointestinal illness and 

diarrhoea (The World Health Organisation, 2008). Coliform and E. coli bacteria are often 

used as an indicator of recent faecal contamination in water supplies since it does not 

multiply in water, it is easy to isolate and enumerate and is inexpensive. The diseases 

outlined below in figure 2:1 all originate from faecal-oral route therefore when E. coli tests 

return positive it indicates recent faecal contamination and therefore a high probability of 

diarrhoeal disease due to the E. coli bacteria. However, the principal shortfall is that the 

presence or absence of E. coli does not confirm the presence or absence of other diseases for 

example Cholera or Hepatitis. It is therefore used as a primary warning of possible health 

risks and evidence of recent faecal contamination to confirm the need for water treatment 

methods to be put in place.   
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2-1 List of common waterborne pathogens in developing countries 

In this project, tests to indicate the presence of E. coli were used to evaluate the water sources 

during the survey and the effectiveness of our treatment methods. For this project a Portable 

Microbiology Kit (PML) was used to test for coliform bacteria and E. coli. This was chosen 

since it was highly recommended by Dr.Metcalf, relatively inexpensive and provided results 

within 24 hours.  
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2-2 Hand dug open well in the village of Kauya 2-3  Hand dug well raised above the ground and sealed with a 

cover in the village of Kafinganye 

2-4  Hand dug open well situated in farmland as a 

source for local farmers. Grooves and holes in the side 

of the well act as aids to climb down during digging. 

2-5 Stagnant surface water source for a section of the Kauya 

village inhabited by Fulani settlers (number 22 on table 

number). 

2-5 Stagnant surface water source for Fulani settler section 

of Kauya village 



10 

 

3. Water survey 

 

Introduction 

Part of the Millennium Development Goals (MDG) is to reduce by half the number of people 

without access to safe drinking water by 2015. As part of the project, a study was performed 

in the surrounding areas of Kaduna to evaluate drinking water quality. The survey was 

conducted in the village of Telele as well as along a section of road which stretches from the 

Kaduna airport junction to Zaira. With the help of The Max Lock Centre Consultancy some 

water sources were identified from previous geological surveys. The remaining water sources 

were identified in each village or settlement with the help of locals and a translator from the 

Max Lock Centre.  

 

 

 

 

 

 

 

 

 

Material 

The portable testing kits which were used for this project were designed by Dr.Metcalf of 

Sacramento State University who is one of the founders of Solar Cooking International and at 

the forefront of water sanitation and hygiene education in developing countries. The kits were 

designed specifically for use in developing countries where access to laboratory equipment 

3-1 Operational borehole in the village of Kafinganye 
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which may otherwise be necessary to evaluate microbial contamination is not available. The 

testing kits mentioned above (PML) contain Petrifilms, Colilert tubes, Whirlpaks, sterile 

pipettes and a battery operated hand held Ultraviolet light.  

The Petrifilms which are manufactured by 3M allow a detailed count of all coliform bacteria 

(including Escherichia coli) present in the sample within 24 hours. A built in grid within the 

Petrifilm plate facilitates counting coliform colonies. A red indicator dye identifies all 

coliform colonies while the top film traps gas produced lactose fermenting coliforms. E. coli 

colonies produce a blue precipitate allowing easy identification.  

Colilert tubes determine whether coliform bacteria and E. coli are present in the water sample 

also within 24 hours. The tubes used in the PML kits were 10-mL MPN tubes and are a 

formulation of salts, nitrogen and carbon sources that is specific only to coliform bacteria. 

Two nutrient indicators present in the Colilert tubes (ONPG and MUG) can be metabolized 

by the coliform and E. coli bacteria respectively. If these nutrients are metabolized by any 

coliform or E. coli bacteria present then the Colilert turns yellow due to the ONPG and can 

fluoresce under UV light as the MUG is metabolized by E. coli bacteria. Dependant on the 

colour of the tube under normal light conditions, the presence of coliform bacteria can be 

determined.  The advantage of using the Colilert test is that it provides simple and clear 

results indicating whether there is any microbial contamination in the water sample. The 

Colilert tubes are also more cost effective then alternative methods for example membrane 

filtration. Both the Colilert tubes and the Petrifilms test for the presence of coliform colonies 

and E. coli bacteria. The benefit of using both tests, especially for a project which involves a 

significant amount of manual labour is in case one of the tests is damaged before the results 

can be noted.  

In order to determine that the water source is contaminated as opposed to the water containers 

all samples are collected in Whirlpaks in the field. These are sterile bags which can be 

securely fastened to allow samples to be incubated elsewhere as opposed to incubating all 

samples in the field which can be difficult. 

 

Method 

The water samples were collected from any water source which was identified by the 

villagers as a drinking source at any stage in the year. The samples were collected from the 
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source using Whirlpaks, these allow sterile storage of the water sample to ensure that any 

microbial contamination identified is from the source. A further advantage is that these also 

allow incubation at a later time as opposed to in the field however it was recommended by 

Dr.Metcalf to incubate all samples within three hours therefore a benchmark of 3 hours was 

chosen between collection and incubation.   

All collected samples were placed within Whirlpaks for incubation back at the 

accommodation. A sterile pipette was used to fill the 10-mL MPN Colilert tubes, these were 

then shaken to ensure that the reagent was fully dispersed and then labelled for identification. 

The pipette was then used to dispense 1-mL onto the Petrifilm, these were also labelled to 

match each of the Colilert tu es. It is necessary to incu ate the samples at 3  C for 24 hours 

and following recommendations by Dr.Metcalf this was performed by keeping all samples 

close to ones person for 24 hours which maintained a relatively steady temperature between 

35-37 C. It is during incubation that disadvantages with the use of Colilert tubes were found. 

During the project both members were continually active performing surveys or working in 

the village of Telele hence a number of Colilert tubes broke during incubation. Fortunately 

two tests were being conducted on each sample therefore when one of the tubes broke the 

results weren’t lost therefore it is recommended from experience to use both Colilert and 

Petrifilm tests.  

Results 

The PML kits provide three separate results from the Colilert tubes (whether the tubes 

indicate the presence of coliforms and E. coli colonies) and the Petrifilms. From these results 

a risk assessment can be performed to determine the relative risk of disease from the water 

source (WHO, 2008). 

The risk assessment and hence risk level can be carried out from the table below 

Table 1 

Risk Level E. coli per sample Colilert MUG + Number of blue 

colonies per Petrifilm 

Low ≤1/10 mL - 0 

Moderate 1-10/10 mL + 0 

High 1-10/ mL + 1-10 

Very High ≥10/ mL + ≥10 
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Table 2 

Date/Time collected Location Collected 

(Source) 

Colilert sample 

ONPG 

Colilert sample 

MUG 

Petrifilm 

E. coli  

Risk Level 

29/06/2010 Control test - - 0 Low 

30/06/2010 1. Telele (well) + - 0 Low 

30/06/2010 2. Telele (well) + - 0 Low 

30/06/2010 3. Telele (well) + + 22 Very High 

30/06/2010 4. Telele (well) + + 7 High 

01/07/2010 5. Faraqwaiai (borehole) - - 0 Low 

02/07/2010 6. Telele (well) + - 5 High 

02/07/2010 7. Telele (well) N.A N.A 50 Very High 

02/07/2010 8. Telele (well) + + 42 Very High 

02/07/2010 9. Telele (river) + + 50 Very High 

09/07/2010 10. Farmland 04 (well) + + 14 Very High 

09/07/2010 11. Farmland (river)  + + 16 Very High 

09/07/2010 12. Kafinganye (well) + - 0 Moderate 

09/07/2010 13. Kafinganye (well) + - 2 High 

09/07/2010 14. Kafinganye (well) + + 9 High 

09/07/2010 15. Kafinganye (borehole) - - 0 Low 

09/07/2010 16. Kauya 04 (well) + + 4 High 

09/07/2010 17. Kauya 04 (well) + + 3 High 

09/07/2010 18. Kauya 04 (well) + + 33 Very High 

09/07/2010 19. Kauya 05 (well) + + 74 Very High 

09/07/2010 20. Fulani (farmland) + - 0 Moderate 

09/07/2010 21. Fulani village (well) + + 29 Very High 

13/07/2010 22. Fulani (farmland) + + 3 High 

14/07/2010 23. Afaka (borehole) - - 0 Low 

14/07/2010 24. Afaka (well) + + 1 High 

14/07/2010 25. Dakawe 09 (well) + + 3 High 

14/07/2010 26. Dakawe 09 (well) + + 50 Very High 

14/07/2010 27. Sabordikin 10 (well) + + 2 High 

14/07/2010 28. Sabordikin 10 (well) + + 2 High 

15/07/2010 29. Sabordikin 10 (well) + - 0 Moderate 

15/07/2010 30. Telele (well) + + 2 High 

15/07/2010 31. Telele (well) + + 7 High 

 



14 

 

All samples were taken from water sources which are available to the community. A number 

of villages and families had constructed their own private wells however because of privacy 

restrictions it was decided that the survey would be run only for community sources.  

In total 10.3% presented a moderate risk of disease, 44.8% a high risk and 34.4% a very high 

risk of disease. From the water sources tested only three sources (10.3%) returned negative 

results for E. coli and one was negative for all coliform colonies. The three sources which 

presented a low risk of disease were boreholes.
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3-2 Satellite image of Telele village in Kaduna state 

 

Discussion 

As part of the Millennium Development Goals, the Nigerian government aims to increase the 

number of boreholes constructed across rural Nigeria to improve the quality of the local water 

supply which our results demonstrate. From our observations during the project only a few 

communities had boreholes and an even smaller portion of those were in working order.  
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Estimates in Kaduna by local borehole contractors state that only 30% of boreholes 

constructed are currently operational.  In order to understand the low amount of operational 

boreholes a number of contractors were contacted to get a wider picture of borehole 

construction, reparation and operational lifetime.  

The cost of borehole construction varies from between 650,000-750,000 Naira (between 

£2800-3300) depending on whether the drill must break through sedimentary rock thus 

resulting in a more costly process. These costs however are notorious to changes depending 

on the geology of the area, the drilling contract and with whom the contract has been agreed. 

Drilling contracts with the Nigerian government have been reported to increase to 1.2 million 

Naira per borehole. The lifetime of the boreholes also differs greatly from between 2-30 years 

depending mainly on construction methods and community education on proper usage. 

During the 1990’s, the majority of pipes used in  orehole construction were steel which 

inevitably rusts leading to the pipe failure. Currently it is required to use PVC pipes however 

it is known that steel pipes are still used in a number of boreholes to reduce the drilling 

company’s costs.  Other reported causes of failure are because of misuse (often by children) 

which causes the chain within the pump to snap. Reparation costs therefore, can also vary 

greatly from boreholes necessitating a new chain at the lower end to new pipes. It was 

observed that in some cases the boreholes were in-operational for several years. There were 

two principal reasons identified for the delay in borehole repairs.  

1. The money required to pay for the repairs and call out the specialist companies. 

2. The majority of boreholes are constructed for community and village use. The issue 

arises when no one assumes responsibility to manage the borehole and take charge for 

organising repairs and collecting the necessary funding which results in delays in 

repairs. 

 During the survey the Faraqwaiai borehole was tested. This was a borehole which had been 

constructed during the 1990’s but where a community member had followed the borehole 

construction and was able to perform basic repairs himself. Although only capable of 

performing basic maintenance and repairs, this had prolonged the life of the borehole 

therefore highlighting the importance of demonstrating basic maintenance to community 

members. This may present similar problems to those which were found causing delays in 

repairs therefore it is necessary to assign responsibilities for the maintenance of the boreholes 

to certain community members.  
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The most common water sources which were identified during the survey in Nigeria were 

hand dug wells. These were typically dug to depths of 15-25 metres however in some cases 

the depths are increased to 30-40 metres during the dry season when the wells have run dry. 

Only 12.5% of the wells did not present either a high or very high risk of disease. During the 

survey numerous reasons and sources of microbial contamination were identified and over 

the course of the survey in various villages it was ensured that the possible causes of 

contamination and actions to prevent it were properly explained. Firstly, the majority of wells 

did not have a cover. There were several reasons for this; the cover had blown away during a 

storm, there wasn’t a fitting cover from the  eginning and they did not see the importance of 

having a cover and it was thought that if a cover was placed on the well then it would not be 

able to fill.  

 

 

 

In a few villages there was a common misunderstanding that the wells filled from rainwater 

entering through the top as opposed to the bottom, the intake (section C on figure 3-3). 

Without a cover, the water source becomes susceptible to contamination from animal or bird 

faecal matter and from contaminated surface water entering the well. A second possible route 

to well contamination is through the well head which acts to raise the well above the ground 

to prevent contaminated surface water from entering the well. Two extremely common 

problems were found with the well head (section A on figure 3-3). Often the well head was 

3-3 Elements of a hand dug well, A: The well head, B: The 

well shaft, C:The Intake.  Diagram reproduced from (Collins, 

2000) 
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missing with the entrance of the well level (and sometimes lower) than the surrounding area. 

The second was with the construction quality of the well head. It is typical in the area to use 

tyres to build the well head (see figure 3-4) however many gaps were found in the well head 

allowing surface water to enter the well (see figure 3-5).  

The two problems identified above are only means to contamination and are not sources of 

contamination themselves. One of the main problems and most likely the principal source of 

microbial contamination is due to animals and livestock being kept next to the wells. The 

majority of community wells are situated in open environments for example near schools or 

in farmland. The placement of these wells, which are available for community use, make it 

difficult to prevent animals from venturing near water sources and preventing faeces from 

being deposited around the well. The World Health Organisation advise that perimeter fences 

be constructed around wells to prevent animals from venturing too close however during the 

survey in Kaduna state this was never seen.  

It was apparent that there is a lack of water sanitation knowledge in the majority of the 

villages which we visited. The importance of adopting precautionary measures does not seem 

to have previously been mentioned. A common response to taking measures was that they 

used to fall ill from drinking the water but now they no longer do since they have developed 

an immunity. In order to develop an immunity to the common pathogens in the water source, 

prolonged exposure is necessary which is something that younger children do not have.  
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3-4 Well with tyre well head. 

3-5 Well with gaps in well head. 
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4. Household Water Treatment Technologies (HWT) 

 

Introduction 

The requirement for safe and potable water is a necessity in all aspects of life in both 

industrialised and developing countries. The operation of sophisticated water supply and 

purification systems in industrialised countries are well established necessitating qualified 

staff and long term operational budgets. Although governments in developing countries have 

often invested large sums into the construction of water purification plants, a lack of trained 

operators, financial constraints and the unreliability of chemicals and spare parts prevent 

dependable operation. As well as supply and financial constraints, the frequent lack of a wide 

scale distribution network results in limited population access to clean water.  Therefore, 

there is a requirement for low cost purification systems at the household level in developing 

countries which lack the infrastructure to supply rural households with safe water (Mintz, et 

al., 2001). The common methods currently used at household levels in developing countries 

include boiling, chlorination and filtration. These methods however still have their own 

respective disadvantages for example using firewood which may be scarce for boiling or 

purchasing chlorine and proper monitoring of correct use and dosage for chlorination. This 

section of the report will focus on the four principle techniques which were used during this 

project.  

 

4.1 Solar Box Cooker 

 

Introduction 

One of the oldest techniques for disinfecting and sterilising water has been boiling prior to 

consumption. Having to use conventional energy sources (fossil fuels and wood) as a means 

of boiling water meant that boiling often became uneconomical for families in developing 

countries. The use of solar energy as a means for water pasteurization evolved from the 

development of solar cookers for cooking and baking and investigations into the effectiveness 

of Solar Box Cookers for water pasteurization returned encouraging results (Ciochetti, et al., 

1983).  
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Literature review 

Solar cooking originated in 1767 with what is believed to be the first creation of solar box 

cookers to cook food  ased on the greenhouse “solar trap” principle. Following on from this a 

number of advances were made with individuals and groups further researching the idea to 

use solar energy to cook food. It wasn’t until the late 1970s that research was  eginning into 

making solar cookers as cheaply as possible to serve the world’s poorest inha itants. 

(Knudson, 2004). One of the first to evaluate the effectiveness and potential of using solar 

cookers as a means to pasteurize water were Metcalf and Ciochetti (1983), using a basic Solar 

Box Cooker developed by Barbara Kerr and Sherry Cole in 1976 to pasteurize jugs of water. 

The principles behind the Solar Box Cooker have remained in place as a benchmark for 

hundreds of variations of box cookers using glass lids to allow sunlight to pass into the box, 

reflective material to concentrate the heat into the water containers and insulation to retain the 

heat inside the cooker (Ciochetti, et al., 1983). To pasteurize water temperatures of 62 

degrees Celsius are needed to inactivate enteric pathogens (cited in table 2-1) (Ciochetti, et 

al., 1983) and render the water safe to drink.  

In rural areas, it is often difficult and expensive to get hold of thermometers to determine 

when the water has reached pasteurization temperatures. Therefore the Water Pasteurization 

Indicator (WAPI) was developed to provide a low cost method of determining whether the 

water has reached pasteurization temperatures. The WAPI consists of a plastic cylinder which 

contains vegetable wax (see figure 4-1). The WAPI is placed inside the water being heated so 

that the wax is at the top end of the cylinder. Once the water temperature has reached 70 

degrees Celsius the wax melts and falls to the bottom of the cylinder thus indicating that the 

water has been pasteurized and is safe to drink. 
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4-1 WAPI: The green vegetable wax falls to the bottom of the cylinder when the pasteurization temperature has been 

reached 

Typically there are two types of solar cooker which are used for water pasteurization; batch 

and flow. The batch solar cookers pasteurize water in containers. A container is placed inside 

a Solar Box Cooker (or on a Cookit for example) and once the water reaches the 

pasteurization temperature either the container is removed and another is placed in the cooker 

or it is emptied and re-filled. This process of water pasteurization therefore requires a certain 

amount of the user’s time to monitor the cooker and continue changing or re-filling the 

containers once the water has been pasteurized. Flow-through pasteurizers are more complex 

systems which pasteurizes a continuous flow of water which is usually regulated by a thermal 

control valve. Once the water in the system has reached the pasteurization temperature, the 

control valve opens releasing the water into a storage tank while drawing unpasteurized water 

into the heating system. Flow-through systems usually include a heat exchanger which 

transfers the heat from the pasteurized water to the unpasteurized water to improve the 

efficiency and speed of the process. Once the water has been pasteurized, it no longer needs 

to be maintained at a high temperature therefore by passing it through a heat exchanger this 

recycles what would otherwise be waste heat. The advantage of flow-through pasteurizers as 

opposed to batch pasteurizes is the increase in volume of water pasteurized per day and that 

supervision is not required during the pasteurization process. Containers do not need to be 

emptied and re-filled once the water has been pasteurized since it is controlled by a thermal 

valve in flow through systems. The disadvantage however is initial cost of the system which 

can range from $2,145 to $5,872 (Burch, et al., 1998). Although the cost per litre of water 
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pasteurized can fall to $1.40 per   which is comparable to UV disinfection systems, the high 

system cost makes these systems unrealistic for communities in developing countries to 

purchase. Therefore, one of the objectives of the project was to assess the feasibility of 

constructing a flow-through pasteurizer at low cost. It was discovered that not only were 

there financial restrictions on the flow-through pasteurizer but more importantly the materials 

required were not commonly available in the Kaduna region. It was therefore concluded that 

the use a  atch pasteurizer would  e the most appropriate solution to Telele village’s water 

sanitation issues.   

 

Method 

The design for the solar batch cooker was based on the solar trapping principle. The 

fundamental concepts of absorption, reflectivity and insulation were incorporated in order to 

obtain the temperatures needed to pasteurize water.  

 

  

 

The box cooker design that was used provided a simple and yet effective method of batch 

pasteurization. The main features of the cooker can be easily identified as a sealed system 

that aims to maximise sunlight absorbed to the cooking pot. To maximise the amount of solar 

radiation absorbed the outside of the cooking pot and the box cooker were painted matt black.  

4-3: Solar box cooker containing a matt black 

cooking pot. 

4-2: Solar box cooker. 
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The next objective was to ensure adequate insulation of the box cooker. The use of a glass 

cover ensured that the cooking pot was exposed to direct sunlight. Glass also allowed the 

system to be sealed from the external environment, preventing hot air from escaping. Making 

the solar cooker air tight was the main method to ensure heat retention in the cooker. Any 

flow of air in or out of the solar cooker reduces the temperature of the system and increases 

the time take for pasteurization to occur. Further insulation of the box was achieved by 

packing the sides and floor with sawdust. This reduced the usable internal surface area 

however this is offset by the lower heat loss rates.  

The whole cooker was raised 5cm from the 

ground in order to reduce the amount of heat 

loss to the ground. In order to increase the 

amount of direct solar radiation absorbed by 

the cooking pot the inside of the cooker was 

lined with highly reflective aluminium sheet. 

Reflective lining of the cooker effectively 

increased the temperature of the cooking pot 

significantly.  

 

4-4: Solar box cooker insulated using sawdust. 

 

4-5: Installation of aluminium sheet within the 

box cooker. 
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Results 

During the final few days the batch solar cooker was completed and a few basic tests were 

performed to ensure it would pasteurize a sufficient amount of waster within a reasonable 

time frame. Problems with the digital thermometers and readings within the solar cooker 

meant that basic results could only be drawn using the water pasteurization indicator 

discussed above.  The tests were performed with 3 litres of water using a large cooking pot 

which had been painted black for increased heat absorption. To check the water had been 

pasteurized the cooker had to be opened and the lid of the pot lifted to check that the wax in 

the pasteurization indicator had melted. This was done after the first hour and then at 45 

minute intervals. After 2 hours and 30 minutes the wax in the indicator had melted therefore 

indicating that the 3 litres of water were pasteurized. The test was performed on a mild day 

with some cloud cover therefore it was advised that the solar cooker users allow 3 hours 

during the rainy season and under 2 hours during the dry season to pasteurize 3 litres of 

water. The pasteurization indicators were left with a number of the workshop attendees who 

could then perform more tests and evaluate the time required to pasteurize a number of 

containers simultaneously in the solar cooker. The large amount of interest from surrounding 

villages in the construction of the solar cooker prompted us to encourage the villagers to 

develop the construction methods not only for personal use but also for a possible source of 

income.  

 

Discussion 

One of the main elements of the flow through pasteurizer is the thermal control valve which 

opens and releases the water in the heating system into storage. This valve is actuated by the 

expansion of a wax core which melts once the pasteurization temperature has been reached. 

These operate in the same way as standard car radiator valves. By attempting to adapt and use 

car radiator thermostatic valves in the flow through pasteurizer system a significant saving 

can be achieved. These can be purchased at a low cost from many garages or removed from 

car radiators in scrap yards. The normal operating temperatures of the car valves can range 

from 75-95 degrees Celsius depending on the manufacturer. Research into the adaptation of 

the car valves was conducted for this project by first taking a selection of valves from 

different manufacturers. The three Vernet thermostats selected expand at 82 degrees Celsius 

to allow water through the cooling system and the Volkswagon Fox thermostat expands at 87 
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degrees Celsius. The operating temperature information is often provided by the valve 

manufacturer however for a solar water pasteurizer system the valves selected operate at a too 

high temperature. The main problem associated with this is the time required for the 

pasteurizer to heat up the water 20 degrees higher than is necessary will reduce the efficiency 

of the pasteurizer and reduce the amount of water it will be able to process during the day. 

Ideally, the operating temperature of the valves should be between 67-70 degrees Celsius but 

the difficulty lies in identifying the valves which operate close to these temperatures.  The 

valves were tested by fitting them in a section of tubing which was filled with hot water 

followed by cold water to determine the ability of the valve to close once the water below its 

operating temperature comes in contact with the valve. An important characteristic of the 

valve is to shut off once the pasteurized water has passed through the valve and before 

unpasteurized water can pass through. This is crucial since if unpasteurized water is released 

into the pasteurized water container than it re-contaminates the water which has just been 

disinfected. From the test conducted the valve failed to close during the interval between the 

hot and cold water streams. The time interval was gradually increased between the two water 

streams from 1 second to 5 seconds and the valve failed to close before coming in contact 

with the cold water which resulted in a small amount of what would be unpasteurized water 

passing through the valve.  The problems encountered with the thermostatic valves were the 

primary issue when attempting to design the affordable water pasteurizer. The vast majority 

of commercial flow through solar thermal pasteurizers design and build their own specific 

thermostatic valve to solve the timing problems discussed above. If correct valves were 

identified to be appropriate for a flow through water pasteurizer difficulties in finding the 

correct parts in developing countries would add to the practicality constraints in constructing 

the pasteurizer. Additional problems were identified in Nigeria with the construction and 

implementation of an affordable flow through water pasteurizer. The requirement for a large 

unpasteurized water container and a secure clean water container for the pasteurized water 

presented extra associated costs with the flow through design. As well as this, it is important 

that there is a clear separation of pasteurized and unpasteurized water in the system to avoid 

recontamination of the pasteurized water. This could not be guaranteed with the thermostatic 

valves which were researched since their shut off times were too great. Maintenance issues 

were also identified since the clean water container will require cleaning and disinfection as a 

precautionary measure against infection. This incurred cost and the necessary correct use of 

potentially dangerous cleaning products will add an extra dimension of complexity for 

maintenance of the flow through water pasteurizer. 
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Conclusion 

The research conducted into the creation of an affordable flow through water pasteurizer 

which although was not successful did reveal the main flaws and drawbacks of designing and 

implementing such a system. Specifically concerns with maintenance and obtaining the 

correct materials locally. During the time in Nigeria the project was successfully adapted 

following these drawbacks and extended with a successful implementation of a large batch 

solar cooker. The advantages of simplicity in design and construction raised a lot of interest 

in the surrounding areas and throughout the construction process each step was carefully 

explained. Since returning from Nigeria, contact is being maintained with the Afaka Initiative 

organisation and some members of the village. The feedback received has been positive as 

they continue to use the solar cooker and also have ambitions to begin constructing several 

more.  

4.2 CooKit 

 

Theory 

Solar CooKit cookers are combination cookers or panel cookers and are the most widely used 

solar cookers in the world. These cookers work on very simple absorbance and reflectance 

principles. Of course the CooKit makes use of solar energy, it does this by converting 

sunlight into thermal energy (heat). As dark surfaces reach much higher temperatures than 

lighter surfaces a black pot is used to cook the food. Dark, thin metal pots are particularly 

effective, as are any pots painted black (SCI 2004). 

Once the pot has absorbed the solar energy and has heated up it must be insulated in order to 

prevent the heat escaping again. In order to maintain transparency either a heat-resistant 

plastics bag or an inverted glass bowl are used trap air and provide insulation. Just by 

preventing the surrounding air to “ low” away a good insulation system has  een made. 

These are called heat traps and must be able to withstand temperatures up to 150 degrees 

Celsius. Polypropylene, nylon or polyester bags are all suitable heat traps.   

The solar cooker is now able to retain the heat it absorbs, the next objective is to maximise 

the amount of sunlight and hence heat the pot absorbs. This is achieved by surrounding the 

pot with reflective panels to reflect more light onto the pot. This increases the intensity of 

sunlight on the pot and hence the temperature of the pot. The reflective panels are designed to 



29 

 

reflect sunlight over the largest area possible towards the cooking pot, without casting a 

shadow on other panels or the pot.  

CooKit’s design is advantageous as it is very cheap and easy to make. The panel design 

means that it does not need to be re orientated as regularly as curved concentrator cookers, 

meaning that food can be left unattended to cook. The fold design of the cooker allows it to 

be packed away and transported extremely easily.  

The usefulness of such a solar cooker is very much dependent on location, as it is only 

worthwhile attempting if the Sun casts a shadow that is shorter than the height of the cooker. 

Hence for equatorial regions solar cooking may be used for most if not all year, however 

Britain for example could only make use of solar cooking in the summer. 

 

Method 

The method of construction for the CooKit is simple and can be constructed within 2hours. 

The cooker is capable of cooking food for up to approximately 7 persons. 

Materials: 

 Corrugated cardboard- 0.9x1.2 meters 

 Aluminium foil- 0.3x3 meters 

 Glue or equivalent adhesive 

 Knife to cut cardboard 

 Pencil 

 Ruler 

In order to make the CooKit it is necessary to mark and cut out the template below: 

4-6: CooKit design template. Obtained from 

SCI 2004. 
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Once the template has been cut the aluminium foil needs to be stuck to the cardboard so that 

the shiny side of the foil is visible. After allowing time to dry, assemble the template to 

produce the CooKit panels.  

 

Conclusion 

CooKit workshops that were conducted increased the knowledge of the villagers and allowed 

them to construct CooKits using an instruction manual. This allows the villagers to have 

access to individual solar cooking facilities and in some cases generate an income from the 

marketing of the product.  

4.3 SODIS 

 

Literature review 

Solar water disinfection (SODIS) uses solar energy to treat and disinfect water placed inside 

plastic (PET) bottles (EAWAG and SANDEC, 2002). SODIS is extremely simple needing 

only clear polyethylene terephtalate (PET) bottles and sunlight. It relies upon two factors of 

the sunlight to disinfect water: infrared radiation and ultraviolet-A radiation. Solar radiation 

can be divided up into three components, ultraviolet radiation (UV), visible light and infrared 

radiation. The solar radiation within certain wavelengths is known to have a bactericidal 

affect for example UV-B (290-320nm), UV-A (320-400nm) and even visible light is harmful 

to enteric pathogenic bacteria (Kramer, et al., 1987), (Evison, 1988). Reed (1997) 

demonstrated that the inactivation of bacteria exposed to sunlight was irreversible and that 

the inactivation of E. coli bacteria was greatly improved by the presence of oxygen in the 

water. A large proportion of UV-B radiation is absorbed by the ozone layer before reaching 

the surface of the earth therefore it is commonly accepted that the UV-A radiation is largely 

responsible for the inactivation of bacteria in water. The cause of inactivation of bacteria is 

not thought to  e directly due to reaction of the  acteria’s DNA with the UV-A wavelength 

since PET absorbs wavelengths below 320nm (Wegelin, et al., 2001) and the DNA’s 

maximum absorption lies between 250-260nm  (Moan, et al., 1989). It is supposed that the 

UV-A wavelength between 320-400nm and wavelengths above 400nm affect light absorbing 

cell components leading to inactivation (Moan, et al., 1989). The infrared radiation serves to 

raise the water temperature. As well as inactivation due to solar radiation, when water 
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temperatures exceed  0 C, bacteria begin to inactivate and as temperatures increase  the rates 

of reactions between the bacteria and oxygen and UV-A radiation multiply increases thus 

improving the SODIS process. By increasing the water temperature the rate of reactions 

between bacteria and oxygen increases The role of oxygen in the inactivation process is also 

related to the UV-A radiation as the UV-A radiation reacts with oxygen in the water 

producing reactive forms of oxygen which then react with cell membranes and the DNA by 

strand breakage leading to cell inactivation (Kehoe, et al., 2001). The critical role of oxygen 

was demonstrated by Reed (1997) when comparing the effectiveness of SODIS in aerobic 

and anaerobic conditions (see figure 4-1).   

 

4-7:  Inactivation of Escherichia Coli either in sunlight under aerobic (○) or anaerobic (□) conditions or in darkness 

under aerobic (●) or anaerobic (■) conditions. Figure reproduced from Reed (1997) 

The inactivation of cells however does not occur instantaneously and it has been 

demonstrated that a threshold dose of radiation and exposure time is needed before any cell 

inactivates. Too little exposure time and any damage to the cell is considered to be sub-lethal 

and the cell can repair itself (Wegelin, et al., 1994). 
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There are a number of critical factors which must be satisfied for SODIS to work effectively. 

Clear water must be used with a turbidity of less than 30NTU. If the water contains larger 

particles these can be removed by passing the water through a fine cloth which is often done 

in Nigeria prior to consumption. The bottles used must be PET and clear of any mechanical 

scratches which will increase the UV-transmittance losses. There are of course limiting 

factors due to climate and weather conditions. The most favoura le regions are those located 

 etween latitude 1  N and 3  N where there is the greatest solar radiation. A total solar 

radiation intensity of 500 W/m
2
 is required which corresponds to an average exposure time of 

6 hours in sunlight. With increasing cloud cover the exposure time must increase and it is 

recommended to leave bottles outdoors for 2 days when cloud cover exceeds 50% and during 

periods of continual rainfall SODIS is considered ineffective (EAWAG and SANDEC, 

2002). 

 

Method 

Water was collected from a water source in Telele village (source number 3 from table 2) 

which previously tested as a very high risk water source. The 1.5 litre PET bottles used were 

rinsed with boiling water before the test and all labels were removed. The bottles were 

identified as PET bottles from the embossed symbol at the base of the bottle.  To simulate 

standard SODIS use, the bottles were filled to three quarter level and then shaken for twenty 

seconds to aerate the water and increase its oxygen content and then filled completely. This is 

particularly important for water taken from stagnant sources for example wells or ponds. 

These were then placed horizontally to ensure as much of the bottle is exposed to the 

sunlight. 

Four tests were conducted; a control sample was left indoors and covered in a sheet to 

prevent any sunlight exposure, a completely clear bottle was placed outdoors in clear 

sunlight, a clear bottle was placed outdoors on top of the corrugated metal roof of the local 

school and the final bottle was painted half black (along the length of the bottle) and was 

placed outdoors with the clear side facing upwards towards the sun. The aim of the test was 

to evaluate the common variations on the basic SODIS method. The function of the 

corrugated metal was to reflect the light back into the PET bottle therefore effectively 

increasing light exposure. The purpose of the black paint was to retain heat at the base of the 

bottle therefore increasing the temperature of the water and the SODIS effectiveness.  
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All water samples were collected and  ottled immediately from the source with a water 

temperature of 21 C. The tests were conducted at a latitude of 11  N in the village of Telele at 

11am on a day with between 40-50% cloud cover and samples were taken from the four 

bottles after 6 hours using Whirlpaks which were immediately covered to prevent any further 

exposure to sunlight and incubated within 2 hours of collection.  

Many waterborne pathogens can be detected directly but often require long waiting times and 

expensive laboratory equipment which is not always available. Therefore, it is often 

recommended to use indicator organisms illustrating that the water source has been 

contaminated by faecal matter. The indicator organism commonly used is Escherichia Coli 

since it is present in high numbers in faeces is one of the most common causes of 

gastrointestinal disease and can be detected using inexpensive methods for example the PML 

kits (EAWAG and SANDEC, 2002).   

 

Results 

Table 3 SODIS test results 

Date collected Location Collected Colilert sample 

ONPG 

Colilert sample 

MUG 

Petrifilm 

E. coli, (Coliform) 

Risk Level 

13/07/2010 SODIS Test: Control + + 24, (≤1 0) Very High 

13/07/2010 SODIS Test: Outdoor, 

clear bottle, floor 

+ - 0, (10) Moderate 

13/07/2010 SODIS Test: Outdoor, 

half black, floor 

+ - 0, (21) Moderate 

14/07/2010 SODIS Test: Outdoor,  

clear bottle, metal roof 

+ - 0, (4) Moderate 

 

The SODIS tests were evaluated using the PML kits using both the Petrifilms and the Colilert 

tubes for thorough testing. The control test returned positive results for E. coli with a similar 

count to a previous test of the same water source (see source number 3. from table 2). All E. 

coli bacteria in the three bottles exposed to sunlight had been inactivated with only coliform 

bacteria remaining. The effectiveness of the corrugated sheet metal is clear with only 4 

coliform colonies surviving 6 hours of exposure. Although the water in the bottle painted half 

black had no remaining E. coli bacteria it did result in a higher number of coliform bacteria 
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than either of the other two tests. This may be explained by the fact that the bottle was 

painted black along its length and from the half way mark of the bottle down (see figure 4-2). 

Since the project was undertaken during June and July when the sun in Nigeria is at its 

lowest, this may have ultimately reduced the amount of exposure the water inside the bottle 

received from the side thus resulting in a lower level of coliform inactivation.  
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4-8: SODIS test performed in Telele village.  

Top left: Kiran Turner placing the bottle on top of the village school.  

Top right: bottle exposed to sunlight on top of corrugated sheet metal.  

Bottom left: two PET bottles exposed to sunlight, one left completely (left) and one half painted black (right). 

 Bottom right: Petrifilm results from the SODIS test. Top left Petrifilm from control bottle, top right Petrifilm from 

bottle placed on corrugated sheet metal, bottom left from clear bottle placed on the ground and bottom right from 

half black painted bottle.   
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Discussion 

Solar Disinfection is no longer considered as a secondary option as a means of disinfecting 

water and is recommended by the World Health Organisation as a Household Water 

Treatment (HWT) technology (often termed point-of-use or point-of-entry) (WHO, 2008). 

Numerous publications on SODIS and the exact mechanism by which pathogens are 

inactivated further reinforce its effectiveness with claims of 99.9% inactivation of microbial 

contaminants, viruses and parasites to a large extent (Joyce, et al., 1996), (Wegelin, et al., 

1994) and (Reed, 1997). The primary limiting factor in the use of HWT technologies are the 

associated costs whether it is the cost of fuel to boil water or chlorine for chlorination. This is 

the principle advantage of SODIS which only requires plastic PET bottles at very little or 

zero cost. Difficulties may arise in obtaining sufficient PET bottles to enable an entire village 

to use SODIS especially in extremely rural regions. The benefits of SODIS lie in its technical 

simplicity which requires no maintenance, technical knowledge or supervision and its low 

cost. Through charitable organisations it may even be possible to implement a “ ottle drive” 

to recycle PET bottles and donate them to SODIS users. By using a HWT method which is 

low cost and improves family health, finances which would have otherwise been needed to 

treat waterborne illnesses can be spent on other items. On top of this SODIS does not require 

a large infrastructure, is easily replicable and by providing a means of disinfecting water 

other than boiling using firewood it reduces the need to collect firewood and local 

deforestation.  

It is important to note that although effective in reducing waterborne disease there are 

limitations to the SODIS process. The water does not become sterilised from SODIS like it 

would if it had been boiled and a certain risk of infection and disease always remains 

(EAWAG and SANDEC, 2002).  In addition the difficulties estimating correct exposure 

times for maximum disinfection may discourage users. A further issue arises when disease is 

caused not by microbial or parasitic contamination but through chemical contamination. 

During the stay in the village of Telele it was observed that a significant amount of pesticides 

are used on the surrounding maize crops. They did not realise that the pesticides can also be 

harmful to humans when ingested (especially young children). The removal technologies for 

the chemicals of greatest concern (arsenic, nitrite and natural fluoride) are generally more 

complex and expensive than those required for microbial contaminants (The World Health 

Organisation, 2008). Small commercial units are available for HWT however cost, 

availability and complexity of these systems will often mean they are rarely used in rural 
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areas. Therefore, considering that chlorination, pasteurization, filtration and boiling are all 

incapable of removing chemical contaminants it is not a paralysing disadvantage for PET 

bottles.  

 

Conclusion 

As a point-of-use treatment method it shares the principle disadvantages with the main 

contenders such as chlorination, pasteurization, boiling and filtration but its simplicity, ease 

of use and low cost will often result in SODIS being favoured over other techniques.  
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4.4 Rocket Stove 

 

Introduction 

The use of firewood as the principle fuel to satisfy all cooking, boiling and heating needs 

results in wide spread de-forestation and illness from indoor smoke pollution. Over 400 kg of 

wood is necessary per person per annum and between 2000-2005, Nigeria had the largest rate 

of deforestation losing over 55% of its primary forest in just five years. At the current rate of 

deforestation Nigeria will lose all its trees by 2020 which will result in greater rates of soil 

erosion, landslides during the rainy season and ultimately reduce the amount of cultivable 

land for agriculture. (Levy, 2004) The smoke and indoor pollution arising from firewood 

were held responsible for over 1.6 million deaths and 2.7% of the global burden of disease. In 

2002 across Sub Saharan Africa the death toll due to indoor pollution had risen to 396 000 

and with a prediction of over 200 million more people using solid fuel combustion in the 

developing world by 2030 to provide their energy needs this figure will inevitably rise. 

 

Theory 

The thermodynamic principles of biomass cook-stoves have been researched extensively by 

Aprovecho Research Centre and the design of wood burning stoves has been developed by 

Dr. L. Winiarski.  

ARC’s research into stove theory has provided a significant insight into the processes 

occurring during combustion and discovered methods that are capable of improving 

efficiency and reducing pollutants. 

The use of open fires in Nigeria is prevalent, and such fires may be up to 90% efficient at 

combusting the wood. The disadvantage is however that only 10% to 40% of the generated 

heat is then transferred to the cooking pot. Therefore is the improvement of heat transfer to 

the pot that is the main factor in stove efficiency. 

The design of an efficient stove may be based on 10 design principles developed by Dr. 

Winiarski (ARC, 2005): 
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Principle 1: The use of insulation to prevent heat from the stove dissipating to the 

surroundings. Insulation also maintains a high operating temperature which in turn reduces 

the amount of smoke and harmful pollutants released. The optimal materials to use are 

lightweight and heat-resistant which prevent the absorption of heat from the stove and yet do 

not combust themselves (porous brick). 

 Principle 2: Placing a chimney above the fire increases the draft and hence oxygen supply to 

the fire. This ensures the fire burns at a higher temperature and the emissions are fully 

combusted. The combustion chamber chimney should be approximately three times taller 

than its diameter in order to provide the optimal balance between hot gas exchange with the 

pot and complete combustion of the emissions. 

Principle 3: Prevent smouldering of the wood in order to reduce the amount of harmful 

emissions released. Smoke is unburnt particulates and hence not only is it harmful to human 

health but is in an indicator of a low efficiency fire. Only heating the end of the wood which 

is burning and ensuring the remainder is cool and not smouldering ensures that a minimal 

amount of smoke is produced. This principle requires wood to be feed into the fire as it is 

burnt. 

Principle 4: The temperature of the fire is controlled by the amount of wood being burnt. If a 

high temperature is required then there must be a larger amount of wood being burnt and the 

stove must be able to accommodate for a range of amounts of wood. 

Principle 5: Maintain an unrestricted draft through the burning fuel. The combustion of 

biomass requires an ample supply of air in order to supply the oxygen required. This requires 

the stove to have a method of ensuring air can reach the fire unimpeded. 

Principle 6: Manage the amount of air in the stove. Too much of a draft will result in a low 

temperature fire, however not enough will produce excess smoke. The stove must provide the 

correct balance between heat transfer and efficiency. 

Principle 7: Maintain a constant cross section throughout the stove. It is important that any air 

entering the stove is able to flow through the stove unimpeded all the way through. 

Resistance to air trying to flow through the stove would reduce the draft and hence the 

efficiency of the stove. 
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Principle 8: Use a grate to raise the wood in the entrance in order to allow air to enter under 

the fire. The draft will also be preheated by the passing underneath the burning wood 

therefore improving the total combustion. 

Principle 9: Insulate the heat flow path to ensure minimal energy is used heating the stove. 

This allows the stove to reach a high temperature quickly which is important when cooking 

food. The use of dense materials diverts heat away from the cooking pot, reducing the 

efficiency of the stove. 

 Principle 10: Maximise heat transfer with appropriate sized gaps. The use of a skirt around 

the cooking pot to force the hot gasses to pass by the pot increases heat transfer. The gap 

between the skirt and the pot is critically important as a large gap can reduce heat transfer but 

a small gap can stifle the fire and increase emissions. By implementing Principle 7 and 

maintaining a continuous cross section the hot gas will be forced to pass alongside the pot but 

without experiencing a reduced flow. 

 

Method 

The implementation of Winiarski’s principles was integral to the design of our rocket stove. 

It was essential to keep the design of the stove simple and yet effective, this was to ensure 

that the villagers of Telele are able to reproduce the stove numerous times. 

It was the ambition of the project to construct the 

stoves using local materials that the villagers had 

easy access to as well as being affordable. It was 

therefore deemed that the most appropriate 

building material was locally made bricks. The 

bricks can be easily made by the villagers and at no 

cost.  

The combustion chamber chimney and entrance 

was made using the locally manufactured bricks, as 

was a surrounding outer perimeter. The gap 

between the two is then filled with an insulating 

material. In this case sawdust was used as it is a 4-9: Bricks made by villagers left to dry for 4 

days before they are usable. 
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plentiful waste product that can be obtained at a cost 

of 150 Naira to 200 Naira per sack. Although 

combustible in open air, when tightly packed and 

sealed air tight the sawdust becomes a heat resistant 

insulator. The use of sawdust also ensures that a 

minimal amount of energy is dissipated away from 

the cooking pot, as only the brick lining of the stove 

requires heating. These design traits have addressed 

principles 1 and 9 discussed above. 

The stove design also made use a chimney 

approximately 48cm tall, with a width of 16cm and 

depth 16cm. The chimney used is approximately 3 

times as tall as the “diameter”. This ensures that 

wood smoke will be sufficiently combusted without 

too much heat loss in the stove. 

In order to feed the wood into the fire an entrance with 

the same cross sectional area as that of the chimney was 

incorporated into the stove design. The entrance tunnel 

allows wood to be feed gradually into the fire, also 

ensuring that only the end of each piece of wood is 

burning. Having only the end of each wood piece burning 

reduces the amount of smoke and harmful emissions 

produced as it minimises the amount of smouldering 

wood. A disadvantage to this design is the need to 

continually feed wood into the stove, however this 

requires no more time and skill than managing an open 

fire. The design for the rocket stove ensured that there 

was ample room for enough wood to produce a high 

temperature fire without reducing the flow of air. This ensures that the temperature of the fire 

can be controlled with ease by simply adding or removing wood pieces from the fire. The 

cross section of the entrance was sufficiently large to allow for the inclusion of a rack in 

order to lift each wood piece off the ground. This addresses the principle of an unobstructed 

path for air to flow through the stove as air is free to flow underneath the wood.  

4-10: Rocket Stove under construction, using 

locally made bricks. 

 

4-11: A workshop on Rocket Stove 

construction taking place. 
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The consistency of cross sectional area has already been highlighted, this was further 

extended to the point of contact with the cooking pot. Different size skirts were advised to be 

used depending on the pot size. These skirts would ensure that any gas entering the 

combustion chamber is allowed to escape unimpeded. It also prevents the gas flowing out of 

the stove without making contact with the pot, as would occur with a larger area. 

 

Conclusion 

The concept of a rocket stove and its purpose was clear to the villagers of Telele who 

attended the workshops. The design made the technology accessible to them. The residents 

understood the need to conserve wood fuel and the way that the rocket stove would improve 

their lives. The villagers are now capable of manufacturing these stoves for other 

communities, hence not only benefiting the local community but also allowing Telele to add 

to its income. 
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5. Workshops 

 

Introduction 

The workshops conducted were based on water sanitation and treatment techniques. This 

included background information into various water sources, their associated risks of 

contamination, pasteurization, boiling and SODIS treatment methods. An information pack 

was prepared and given to the participants of the workshop (see appendix number). This was 

written to provide the basic information on each of the water treatment techniques as a 

reference for those who attended the workshops and clear enough to allow those who had not 

to understand the methods. Two types of workshop were conducted during the project; a 

workshop for users and one for promoters with the aim of conducting future workshops.  

5-1 Introductory workshop in Telele village, on water sanitation and pasteurization. 
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Telele village 

In Telele village, these two workshops were combined. On arrival at the village during the 

first week it was decided with the village chief that the workshops will be run with six 

women from the village, the Pastor, the headmaster of the local school and the chief’s son.  

 

The reason for this was twofold, firstly running a smaller workshop enabled us to be certain 

that each of the participants understood each technique completely allowing more time for 

questions and practical’s. Secondly, because of project time constraints multiple small scale 

workshops could not run therefore the focus was on the ability of the workshop participants 

who were then able to instruct others in the village on the water treatment methods.  

Although the official language in Nigeria is English, it is common to find that few inhabitants 

in rural Nigeria speak English. Telele village is primarily occupied by the Gbegi tribe where 

the two main languages spoken are G egi, the tri e’s native language and Hausa the 

dominant language in the region. The information pack was written in English therefore the 

contents were discussed in detail with the village Pastor, the school headmaster and the 

chief’s son who were all English speakers. This was done to ensure that the three figure heads 

of the community understood the contents sufficiently to explain the methods to others during 

the workshop and translate. 

 

SODIS 

With SODIS schemes becoming more widespread across developing countries, this technique 

was new to Nigerians. The important factors about weather conditions, exposure time, water 

turbidity, correct identification of PET bottles and the relationship between health and 

drinking water quality were highlighted during the workshop. The SODIS tests were 

conducted in the village of Telele to demonstrate its ease of use and its effectiveness in 

eliminating E. coli from their water sources. The results from previous Petrifilm results were 

explained making it clear that all 24 E. coli colonies from the control had been inactivated 

(see figure 5-2).  
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The workshop was run with an emphasis on 

involving the participants in demonstrations 

making sure everyone could run through the 

step by step SODIS process and identify 

PET bottles from non-PET bottles. During 

the workshop the main difficulty identified 

by the participants was identifying the 

correct bottle exposure time depending on 

weather conditions particularly during rainy 

season where the percentage cloud cover 

(less than 50% or greater than 50%) is 

difficult to determine. As well as this they 

were unsure whether it was possible to leave 

exposed the bottles for longer than the 

recommended 6 hours and how the water 

should be stored after treatment.  

It was advised that when the amount of 

cloud cover was difficult to determine to 

expose the bottles for the whole day and if 

there was no break in cloud cover for the recommended two days. Concerning storage it was 

recommended to drink from the exposed SODIS bottles as opposed to storing them in 

5-2 Top left: Control bottle not exposed to sunlight. Top 

right: Clear bottle exposed to sunlight, Bottom left: Bottle 

half painted black exposed to sunlight. Bottom Right: 

Clear bottle placed on corrugated sheet metal exposed to 

sunlight 
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separate containers which may increase the risk of microbial contamination post treatment. 

 

5-3 The SODIS workshop was hands on making sure 

each participant knew the process thoroughly 

 

5-4 During the SODIS workshop the results from the 

Petrifilm tests are explained to the participants 

 

As well as conducting a SODIS workshop 

in the village of Telele, a workshop was run 

with a number of Anglican priests from the 

diocese of Kaduna. The purpose of the 

workshop was to educate and train the 

participants with the aim of each priest 

conducting future workshops on the SODIS 

method.  
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6. Budget  

Outlined below is the project budget breakdown for both members of the project including the 

preparatory and initial research costs. 

Preparatory costs 

Item Costs  

 

Vaccinations: 

Hepatitis A+B (1*£85) 

 Meninigitis ACWY (2*£55)  

Yellow fever (2*£55) 

Rabies (2*£125) 

Cholera  

 

£555 

Anti-malarial medication 

 

£200 

Mosquito repellent 

 

£8.99 

Travel and health insurance 

 

£80 

Visa fees 

 

£200  

Visa processing fees and travel 

 

£56.20 

Transport to London Heathrow 

 

£50 

Return flights: LHR-ABJ (NGR) 

 

£963 

Portable microbiology laboratory 

 

£99.20 ($160) 

Thermostatic valves 

 

£33.24 

Thermometer 

 

£10 

Report printing and binding 

 

£26.42 

Sub Total 

 

£2282.05 

To estimate the costs incurred in British pounds from Naira the exchange rate of 238 Naira to 

£1 is taken.  

Nigeria costs 

Item Costs  

 

Accommodation 

 

£210 (50,000 Naira) 

Transport 

 

£126 (30,000Naira) 

Materials* £420 (100,000 Naira) 
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Living expenses 

(Including food, water and internet access for 

research) 

£105 (25,000 Naira) 

Sub Total 

 

£861 

 

Total Project Costs: £3143.05 
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7. Conclusion 

Overall the project and partnership with The Afaka Initiative was a success. Although, initial 

ambitions were unsuccessful, the project was modified to accommodate for related issues in 

the local area. This led us to conduct a water survey of the surrounding areas with results 

demonstrating the vast majority of water sources present a high risk of disease for the local 

population. The development of water sanitation techniques was increased from water 

pasteurization to SODIS techniques and fuel efficient stoves for heating water. These were 

then implemented in a range of workshops for rural villages. Similar workshops were run 

with organisations in Kaduna city with the aim of each participant conducting a workshop 

and developing the techniques further. Comprehensive education and information packs were 

supplied to each participant (see Appendix 1 and 2). The construction of a large batch solar 

cooker which is currently being used by the village of Telele was the highlight of the project 

since this is still in use and raised a great amount of interest in surrounding areas.  

The project has developed and increased our interest in conducting future projects and a 

second project to continue and expand the past work. Efforts made to secure more funding for 

the organisation The Afaka Initiative whilst in Nigeria are still undergoing negotiations with 

funding proposals and reports put together (see Appendix 3).  
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8. Appendix 

Appendix 1: 

 

Education Pack 

 

 

Prepared by 

 

Alexandre Moor (Department of Engineering) 

 

And 

 

Kiran Turner (Department of Physics) 

 

The University of Warwick 
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Introduction 

This pack serves to educate users and teachers about the important aspects of water sanitation 

and possible water treatment methods, in an effort to render water safe to drink. 

Access to clean and potable water is a basic human right and is an essential component in 

health protection. Nigeria is the most populace country in Africa with a population of over 

140 million and boasts a wide range of resources including extensive water resources. 

Despite this, 60% of Nigerians in rural areas and urban dwellers use river water, streams and 

shallow wells for both domestic and drinking water needs.  

The World Health Organisation (WHO) states that the most common and widespread health 

risk associated with water sources is microbial contamination and specifically by faecal 

bacteria (E-Coli).  

The most common disease occurring in water sources across the world is caused by microbial 

contamination of E-Coli resulting in meningitis, acute renal failure and diarrhoea which is the 

main cause of morbidity and mortality among infants in the world
1
. The presence of E-Coli in 

water samples indicates recent faecal contamination by animals, birds or humans in the water 

source. 

The information in this document provides methods to pasteurize and disinfect water when 

no other viable water source is available. 

 

 

 

 

 

 

 

                                                 
1
Nigerian Standard For Drinking Water Quality, Nigerian Industrial Standard Standards 

Organisation of Nigeria, 2007, 
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Water sanitation 

Wells 

The most common water sources in use in rural Nigeria are wells. From water surveys 

conducted these can also be the most dangerous water source if not maintained or protected 

correctly. 

1. Wells gather water and fill up from the bottom, not the top. Rainwater filters through 

sand and rock and eventually rises into the well from underneath.  

2. The most common source of well contamination is from the surface. Either from 

surface water, animal waste or human waste. 

3. A COVER must be placed on the well at all times when not in use. COVERS DO 

NOT PREVENT THE WELL FROM FILLING.  

4. Where possible wells must be RAISED above the ground. During rainy season this 

prevents surface contaminants such as animal faeces from being washed into the well.  

5. To PREVENT CONTAMINATION, ensure animals are kept 15 metres away from 

wells at all times. This can be easily achieved through the construction of a small 

fence around the well.  

6. If a member of the community falls ill and the well is the suspected cause, when 

possible BOIL or PASTEURIZE water BEFORE CONSUMPTION for a period of 8 

weeks.  

7. Ensure hands and containers are CLEAN before eating and drinking. CONTAINERS 

CAN CONTAMINATE WATER 

 

The safest water sources in rural communities are BOREHOLES. Where possible, 

PRIORITISE BOREHOLES OVER WELLS.  
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Water Pasteurization 

Water pasteurization is used to kill bacteria and viruses present in water sources.  

At varying temperatures, various bacteria, viruses and diseases are killed.  

1. Worms and parasites are killed at 55C 

2. E-Coli, Cholera, Typhoid, Rotaviruses, Shigella and Polioviruses at 60C 

3. Hepatitis A at 65C 

The viruses and bacteria mentioned above are the most common causes of illness, diarrhoea, 

vomiting and sickness, which are present in water.  

It is advised to obtain a cheap and simple thermometer that will clearly indicate when these 

temperatures have  een reached. Where this isn’t possi le it is recommended to  ring the 

water to a boil making it obvious that these temperatures have been exceeded.  

The techniques below outline methods that do not require the use of firewood or fuel to 

pasteurize water but just by using sunlight.  

When this is not possible, bringing water to the boil using stoves is recommended.  
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Solar Cooker 

Cookit 

The Cookit cooker is one of the most popular designs for a panel solar cooker and also one of 

the cheapest. Made simply from cardboard and aluminium foil (or recycled tin cans) it can 

cook food or pasteurize water.  

 

Using solar cookers allows families to: 

1. Save scarce fuel or firewood for use in cooking when solar cooking is unavailable 

2. Using solar cookers for one meal a day and three times a week reduces firewood and 

smoke inhalation by a third. 

3. Solar cooking is safer for children, reducing the chances of burns and smoke 

inhalation.  

4. Solar cooking is also much safer for people with AIDS or other illnesses since the 

absence of smoke reduces the chances of respiratory infections.  

http://solarcooking.wikia.com/wiki/File:CooKit.jpg
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Each of the items represented in the picture above cost the equivalent of $1 (US Dollar). By 

using a Cookit, in the long term the food items pictured can be bought in favour of the fuel 

(firewood) in the centre of the picture.   

The Cookit can be left unattended in the sun while cooking or pasteurizing water allowing 

time for other necessities.  

Cooking and Water Pasteurizing directions 

Noontime: To cook or pasteurize water for noon or early afternoon, place the Cookit in 

the sun facing southeast. It is best to allow 2 hours for cooking time. 

Evening: To cook or pasteurize water for the evening, place the Cookit in the sun facing 

Southwest or where the sun will be towards mid afternoon. Again it is recommended to 

allow 2 hours for cooking.  

All day cooking: If cooking all day is required, place the Cookit facing south if it is to be 

left unattended all day. Otherwise it is recommended to change its direction from the 

morning to the afternoon.  

 

http://solarcooking.wikia.com/wiki/File:Food_versus_charcoal.jpg
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The diagram above is the template for the Cookit version for use in this pack.  

There are several versions of Cookit designs, the one above has been modified to favour 

construction of the Cookit using only a single knife or blade. This is the most popular design 

currently in use in Africa.  

Directions: 

1. Begin with a large sheet of cardboard of at least 130cm wide and 100cm high. 

2. From   the diagram above, all the cutting is represented by a solid black line.  

http://solarcooking.wikia.com/wiki/File:Manos_Unidas_Cocinalo_II_figure_1.gif
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3. All folds are represented by dashed lines.  

4. The bottom right and left hand corners of the top flap fit into the small cut sections in 

the bottom right and left hand corners. 

5. It is always safer to make the smaller to ensure a tight fit. 

6. Once the cardboard is prepared, aluminium foil, the inside of tin cans or any shiny 

and reflective materials must line the cardboard. This acts to direct the light into the 

cooking pot. 

7. Place the cooking pot (preferable painted black for increased heat absorption) inside 

an oven bag. This acts to retain the heat from the sun.  

To combat the moisture absorbance of the cardboard sheet, rocks can be placed 

underneath the Cookit to raise it slightly off the ground.  

On windy days it is advised to place rocks on the back section of the Cookit which is not 

involved in the cooking process (see diagram below) 

 

SODIS 

“SODIS” stands for Solar water Disinfection that uses only plastic (PET  ottles) and sunlight 

to disinfect water. One of the recommended methods of water disinfection by the World 

Health Organisation.  

Exposure to sunlight deactivates diarrhoea-causing bacteria.   

http://solarcooking.wikia.com/wiki/File:Weighting_down_CooKit.jpg
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Procedure: 

1. Colourless, PET plastic bottles are first washed, rinsed and all labels removed 

2. They are initially filled to three quarter size and shaken for 20 seconds with the cap 

on. They are then filled completely and the cap is put on.  

3. Cloudy water must first be filtered before SODIS. This can be achieved by passing 

the water through a fine cloth.  

4. Filled bottles are then exposed to the sun. Preferable on metal corrugated roofs as 

opposed to thatched since the water will heat quicker.  

5. For more efficient disinfection is when one half of the bottle can be painted black 

(lengthways) and one half is kept clear. The clear side faces upwards towards the sun 

and the black side is on the ground. 

6. The water can be consumed directly from the bottles. Consumption from the bottles is 

preferable since this reduces risk of contamination from a separate source. 

TREATMENT TIME:  

The treatment time is the time necessary to expose the bottles to sunlight to disinfect.  

1. In sunny conditions: 6 hours of sunlight exposure 

2. In cloudy conditions (50% cloud): 6 hours of sunlight exposure 

3. In very cloudy conditions (50-100% cloud): 2 days of exposure 

4. During periods of constant rain SODIS is ineffective. 

 

 

 

 

 

 

To ensure PET bottles are being used the symbol 

(left) is found on the bottles. Usually on the base of 

the bottle.  

If this symbol is found then the bottle can be used 

for SODIS treatment.  
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Appendix 2: 

Solar cooker instruction manual: 

 

Solar Water Pasteurization and cooking 

The basic layout of a BOX SOLAR COOKER is represented below. Many variations are 

possible which allow for alternative materials and to accommodate various cooking pots.  

 

There are hundred’s of various solar cookers and water pasteurizer designs availa le and 

which are being used around the world.  

There are 5 basic rules for the construction and design of solar cookers, which if used 

correctly can create solar cookers of all sizes and to suit all budgets.  

1. LIGHT 

a. The priority is to place the cooker in full sunlight to increase the energy 

absorbed.  

b. To a sor  the solar energy, “glazing” is used. This is the top of the cooker, 

which must be transparent to allow light into the cooker. 

2. INSULATION 

a. Insulation is the ability of a material to prevent heat loss from the cooker.  

b. This is essential in order to heat up the solar cooker rapidly and efficiently. 

 

3. COLLECTION 

a. The water and food must be placed within containers, which are then placed 

within the solar cooker.  

b. The most versatile solar cookers and pasteurizers can accommodate a number 

of different pot and pan sizes.  

c. The cooker must have a top section that can be taken off in order to remove 

and place the containers within the cooker. 
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4. ABSORPTION 

a. Differing materials heat up at different rates. Metal the quickest and ceramic is 

one of the slowest. The amount of heat retained can be improved by changing 

its colour.  

b. Matt black (NOT SHINY) retains heat the best whereas the colour white 

reflects light and heat.  

c. It is important to PAINT all containers BLACK. 

5. REFLECTION 

a. Inside the cooker, there will be space around the CONTAINER, which is 

otherwise not being used.  

b. The interior of the cooker should be lined with a reflective material.  

c. This allows more of the solar energy to be absorbed by the containers within 

the cooker. 

Materials: 

1. BOX 

a. Metal: The most durable material but often the most expensive.  

b. Wood: Scrap wood is widely available. Durable and easy to form into the 

required shapes. 

c. Cardboard: The cheapest and often found free of charge. Not very strong or 

durable but can reach high temperatures in SMALL cookers. 

2. GLAZING 

a. Glass: NO TINT. The most efficient and if scrap or spare glass is used can be 

free of charge.  

b. Oven bags: Very clear and can resist high temperatures. 

c. Clear Plastic: Can be used where oven bags or glass are not available however 

not often temperature resistant. 

3. INSULATION 

a. Building insulation: The most effective but may not be widely available 

b. Wool: 

c. Bubble wrap: Scrap and spare bubble wrap can be placed within the box. 

d. Ash or sawdust 

e. Coconut fibre: The fibres from the coconut casing can be very effective 

f. Newspapers and waste paper crumpled into balls. 
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4. CONTAINERS 

a. Metal pans: Quick to heat up to the solar cooker temperatures, often do not 

retain heat as efficiently 

b. Ceramic pots: Retain heat very well, best used if food or water is transferred 

out of the container and the same is used repeatedly.  

5. REFLECTION 

a. Aluminium or metal sheet: 

b. Tin cans: Old cans can be recycled and the interior can be used as a reflective 

surface. Using old cans results in a free of charge material. 

c. Aluminium foil: Less durable and can easily tear but readily available. 
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Appendix 3: 

 

 

The Afaka Initiative 

 

 

 

 

 

 

A proposal by 

 

 Alexandre Moor (Department of Mechanical Engineering) 

Kiran Turner (Department of Physics) 

 

 

 

The University of Warwick 
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Executive Summary 

 

The ongoing project by The Afaka Initiative funded by The University of Warwick has 

highlighted the need for improvement in water sources and hygiene education. This proposal 

raises the significant issues, which the rural population of Kaduna state experience. Hence, 

this proposal outlines the most cost effective methods to begin improving the health and 

sanitation of Nigeria’s rural communities. By prioritising funding towards the reparation of 

boreholes and through education on water hygiene and basic water pasteurization methods, 

the Afaka Initiative will contribute significantly towards improving water sanitation.  
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Introduction 

 

Access to clean and potable water is a basic human right and is an essential component in 

health protection. Nigeria is the most populace country in Africa with a population of over 

140 million. Nigeria boasts a wide range of resources including extensive water resources. 

Despite this, 60% of Nigerians in rural areas and urban dwellers use river water, streams and 

shallow wells for both domestic and drinking water needs. An ongoing project funded by The 

University of Warwick centred on water pasteurization and water treatment in Kaduna state is 

conducting a drinking water survey in various villages. Preliminary results demonstrate a 

clear correlation between the presence of Escherichia Coli (E-Coli) and low quality water 

sources, that is to say streams, rivers, shallow wells and open wells. Figure 1 and figure 2 

(below) are both used as water sources in the village of Telele and both presented a very high 

E-Coli count and hence a very high risk of disease. 

 

The World Health Organisation (WHO) states that the most common and widespread health 

risk associated with water sources is microbial contamination and specifically by faecal 

bacteria (E-Coli). The water sources identified above are categorised by the WHO as 

“unimproved water sources” with a high risk of microbial contamination. Samples taken from 

boreholes and protected wells in the area have tested negative for the presence of E-Coli and 

present a low risk water source.  
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This proposal aims to highlight the importance of improving rural water supplies through the 

construction, reparation and maintenance of boreholes as well as through education of water 

pasteurization techniques.   

 

 

 

 

 

 

Figure 5: Stream used as water source in 

the village of Telele 

 

Figure 2: Unprotected well in the village 

of Telele 



66 

 

 

Part 1: Borehole construction, reparation and maintenance 

 

The most common disease occurring in water sources across the world is caused by microbial 

contamination of E-Coli resulting in meningitis, acute renal failure and diarrhoea; the main 

cause of morbidity and mortality among infants in the world
2
. The presence of E-Coli in 

water samples indicates recent faecal contamination by animals, birds or humans in the water 

source. During the current project, testing kits are used to detect the presence of E-Coli for 

24-hour results to determine the potential risk of the water source. The Portable Microbiology 

Laboratory (PML) kits were provided by Dr.Metcalf (California State University, 

Sacramento). Preliminary samples were taken in the village of Telele where the current 

project is ongoing and the village of Faraqwaiai. Of the samples taken 77% of the water 

sources tested positive for E-coli and therefore presented a high risk or a very high risk of 

disease. The remaining 33% tested negative for the E-Coli bacteria and presented a low level 

of risk of disease. The water sources presenting a low risk of disease were boreholes and deep 

covered wells. The early results from this survey are reinforced by previous investigations by 

P.Hunter
3
 who identified that during an outbreak of diarrhoea in South Africa in October 

1992, the women and children who drank from local boreholes as opposed to shallow wells 

and streams in the fields were spared the illness. Similar results were found in India during an 

outbreak in a village, those who drank from boreholes were much less likely to succumb to 

disease related to E-Coli contamination.  

                                                 
2
Nigerian Standard For Drinking Water Quality, Nigerian Industrial Standard Standards 

Organisation of Nigeria, 2007, 
3
 Drinking Water and Diarrhoeal Disease due to Escherichia Coli, Journal of Water and 

Health, Hunter.P.R, 2003.  
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The use of boreholes is recognised as one of the safest rural and inner city water sources by 

the World Health Organisation
4
 and the Nigerian Standard for Drinking Water Quality 

handbook. The use of boreholes allows the water source to be protected from faecal 

contamination by animals, birds or humans during operation unlike typical open well sources 

identified in communities in Kaduna state. During the 1990’s a significant number of 

boreholes were constructed in Kaduna state by The Afaka Initiative and by governmental 

organisations in rural areas. During this project it has been found that in some areas of north 

of Kaduna only 13% of  ore holes constructed during the 1990’s are in working order in 

2010. It is estimated by Dotun Adekile (The Afaka Initiative), that only 60% of boreholes in 

Africa are operational and less than 30% of boreholes in Kaduna state. As mentioned above 

this figure can fall to 13% in some areas.  The cost of reparation of boreholes can vary widely 

from 10,000 Naira to the higher end of 60,000 Naira and the cost of construction of a new 

borehole at approximately 650-700,000 Naira. The parts required to repair boreholes are 

relatively cheap and readily obtainable in Kaduna. The requirement for borehole construction 

in some areas is still high and the necessity to conduct repairs on existing boreholes is even 

greater.   

Maintenance of bore holes after construction and reparation is essential in order to extend the 

lifetime of the water source. During a recent survey of local boreholes north of Kaduna, only 

one borehole was found to be operational throughout the day in Faraqwaiai, which was also 

the only community that received training in borehole maintenance and repairs.  The way to 

accomplish this target is to educate the local community as well as training a select 

committee to maintain the borehole.  

                                                 
4
 Guidelines for Drinking Water Quality, Third Edition, World Health Organisation, 2008 
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The work performed by The Afaka Initiative in the reparation of boreholes in Kaduna state 

was hugely successful with Dotun Adekile being known as one of the foremost experts on 

water geology and borehole construction and repairs.  

The priorities in Kaduna state for large-scale improvements for water quality in rural and 

semi-rural areas is through the reparation and construction of boreholes. This work relies 

heavily on independent organisations that are led by renowned experts.  

 

Four-point strategy for rural water quality improvement: 

1. Priorities repairs on existing boreholes in order to establish the minimum 

standard of at least one potable water source per community.  

2. Ensure suitable instructions and basic maintenance is taught to extend to the 

lifespan of each water source.  

3. Ensure basic hygiene and techniques for maintaining a clean water supply 

are taught.  

4. Construction of boreholes for communities still heavily reliant on 

“unimproved” water sources.  

 

This section of the proposal aims to highlight the importance of boreholes for rural Africa 

and Nigeria and the importance of aid and funding for The Afaka Initiative to continue its 

charitable work in Kaduna state.  
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Part 2: Solar Thermal Water Pasteurization education 

 

Water treatment before consumption is often regarded as an expensive and complicated 

procedure. A wide range of options are available to those who may not have access to a piped 

water supply or are able to afford packaged water for example chlorination, sedimentation 

and filtration or use of solar disinfection and solar thermal heating
5
. The use of chemical 

treatment is often difficult to manage and regulate across rural communities since frequent 

monitoring is required to ensure safe use of chemicals. Water pasteurization has widely been 

used throughout the world to provide safe drinking water and is often the cheapest and easiest 

solution.  

At varying temperatures, the major microbial contaminants and diseases are killed:  

1. Worms and parasites at 55C 

2. E-Coli, shigella, cholera, typhoid, rotaviruses and polioviruses at 60C 

3. Hepatitis A virus at 65C 

These temperatures are easily obtainable through solar thermal heating as opposed to fuel and 

combustible materials. The current ongoing project in the village of Telele has worked 

closely with Solar Cooking International and Engineers Without Borders who both focus on 

solar cooking and solar thermal water pasteurization. With simple and low cost techniques 

and cookers, water can be pasteurized and rendered safe to drink.  

                                                 
5
 Guidelines for Drinking Water Quality, Third Edition, World Health Organisation, 2008 
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One of the foremost techniques for water disinfection used across Asia and Africa is termed 

SODIS. Plastic (PET) bottles are placed in the sun for a minimum of 6 hours, where the 

Ultraviolet rays in sun light render water safe to drink.  

The proposal is to conduct workshops through the community, specifically through the 

Schools, Churches and Charities. With the aim to educate local communities in Kaduna state 

on the techniques of water pasteurization and the construction of simple low cost cookers. 

School and Religious education are the most powerful method of education in Nigeria, since 

they penetrate deep into rural areas and along with this, education and information to ensure a 

healthier community can be provided. Teaching booklets will be given, providing all of the 

necessary information to conduct workshops and educate communities. Along with this, the 

aim to provide information sheets to local communities, schools and churches to ensure that 

the information is readily obtainable.  

The information in the handout is sourced from recognized international bodies (WHO, 

Engineers Without Borders and Solar Cooking International) and will address 5 key issues: 

1. Water Pasteurization  

2. Information and education on water bourn diseases and symptoms 

3. Information and education on water source protection  

4. SODIS 

5. Simple solar cooker designs and plans 
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Conclusion 

 

In conclusion, it is clear that too improve the water quality in the Kaduna state drastic action 

is needed. Our proposal highlights the most cost effective methods to achieve this by 

prioritising the reparation and maintenance of boreholes and through education on water 

hygiene and treatment methods through the School, Churches and Charities.  

This proposal has raised the main issues on the water situation in rural areas of Kaduna state 

and the importance of funding for The Afaka Initiative to continue the reparation of boreholes 

across the state. 
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